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EXECUTIVE SUMMARY

TVA initiated a systematic, Valley-wide water quality and aquatic ecological monitoring

program in 1986. The program started with a stream component, and a reservoir monitoring

component was added in 1990. The two primary objectives of these monitoring efforts are to

evaluate the ecological health (Vital Signs Monitoring) of major streams and reservoirs in the

Tennessee Valley and to examine how well these water resources meet the swimmable and fishable

goals of the Clean Water Act (Use Suitability Monitoring).

Vital Signs Monitoring

Stream monitoring has been conducted on 12 large tributaries since 1986. Beginning in 1994,

six additional tributaries will be monitored; all with watersheds of at least 500 square miles.

Reservoir monitoring started with 12 reservoirs (mostly mainstream reservoirs) in 1990 and has

expanded progressively to the full complement of 30 reservoirs in 1993. No further expansion of

either stream or reservoir monitoring is planned. This report summarizes results of these monitoring

efforts in 1993. Volume I is the main body of the report and Volume II is a data summary organized

by sample locations within watershed areas.

Until 1991, the ecological health evaluations were based on subjective evaluation of the data.

A weight-of-evidence approach was used--a stream or reservoir was deemed healthy if most of the

physical, chemical, and biological monitoring components appeared healthy. Beginning with the 1991

results, a more quantitative approach was developed that has been used the last three years. This

approach integrates information on important indicators of ecological health. For reservoirs, five

indicators are used--dissolved oxygen, chlorophyll, sediment quality, benthic macroinvertebrates, and

fishes. Stream evaluations are similar except dissolved oxygen is not rated and nutrient

concentrations are substituted for chlorophyll concentrations. For each indicator (or metric), scoring

criteria are developed that assign a score ranging from 1 to 5 representing very poor to excellent

conditions, respectively. Scores for all indicators at a location are summed. For streams and smaller

reservoirs, only one site is monitored. For larger reservoirs, multiple sites are monitored, and the

overall reservoir score is achieved by totaling scores for all locations. The resulting total is divided

by the maximum possible score. Thus, the possible range of scores is from 20 percent (all metrics

very poor) to 100 percent (all metrics excellent). Hence, an overall ecological health rating of good,

fair, or poor is obtained for each stream site or reservoir. A health rating border-line between two of

these categories is considered poor-fair or fair-good. Each year, the most recent information is

ix

EXECUTIVE SUMMARY 

TV A initiated a systematic, Valley-wide water quality and aquatic ecological monitoring 

program in 1986. The program started with a stream component, and a reservoir monitoring 

component was added in 1990. The two primary objectives of these monitoring efforts are to 

evaluate the ecological health (Vital Signs Monitoring) of major streams and reservoirs in the 

Tennessee Valley and to examine how well these water resources meet the swimmable and fishable 

goals of the Clean Water Act (Use Suitability Monitoring). 

Vital Signs Monitoring 

Stream monitoring has been conducted on 12 large tributaries since 1986. Beginning in 1994, 

six additional tributaries will be monitored; all with watersheds of at least 500 square miles. 

Reservoir monitoring started with 12 reservoirs (mostly mainstream reservoirs) in 1990 and has 

expanded progressively to the full complement of 30 reservoirs in 1993. No further expansion of 

either stream or reservoir monitoring is planned. This report summarizes results of these monitoring 

efforts in 1993. Volume I is the main body of the report and Volume II is a data summary organized 

by sample locations within watershed areas. 

Until 1991, the ecological health evaluations were based on subjective evaluation of the data. 

A weight-<>f-evidence approach was used--a stream or reservoir was deemed healthy if most of the 

physical, chemical, and biological monitoring components appeared healthy. Beginning with the 1991 

results, a more quantitative approach was developed that has been used the last three years. This 

approach integrates information on important indicators of ecological health. For reservoirs, five 

indicators are used--dissolved oxygen, chlorophyll, sediment quality, benthic macroinvertebrates, and 

fishes. Stream evaluations are similar except dissolved oxygen is not rated and nutrient 

concentrations are substituted for chlorophyll concentrations. For each indicator (or metric), scoring 

criteria are developed that assign a score ranging from 1 to 5 representing very poor to excellent 

conditions, respectively. Scores for all indicators at a location are summed. For streams and smaller 

reservoirs, only one site is monitored. For larger reservoirs, multiple sites are monitored, and the 

overall reservoir score is achieved by totaling scores for all locations. The resulting total is divided 

by the maximum possible score. Thus, the possible range of scores is from 20 percent (all metries 

very poor) to 100 percent (all metrics excellent). Hence, an overall ecological health rating of good, 

fair, or poor is obtained for each stream site or reservoir. A health rating border-line between two of 

these categories is considered poor-fair or fair-good. Each year, the most recent information is 

ix 



evaluated with the same basic approach, modified to incorporate improvements based on comments

from reviewers and additional data.

Stream monitoring results for 1993 indicated seven streams rated good (three of these received

perfect scores), three streams rated fair to good, and one stream rated poor. Full evaluation was not

possible for one stream because only three of the four indicators were monitored in 1993. The only

stream to receive a poor rating was the French Broad River. This overall rating was caused by poor

scores for nutrients and fishes, a fair score for benthos, and a good score for sediment quality.

Reservoirs are stratified into two groups for evaluation: run-of-river reservoirs and deep

storage reservoirs. Separate scoring criteria were used for the two categories. Overall ratings for the

11 run-of-river reservoirs in 1993 ranged from 58 to 88 percent. Four reservoirs rated good (75 to

88 percent), three rated fair to good (71 to 73 percent), three rated fair (63 to 68 percent), and one

rated poor to fair (58 percent). Overall ratings for the 19 storage reservoirs ranged from 52 to 72

percent. Two reservoirs rated fair to good (both 72 percent), 14 rated fair (58 to 67 percent), and

three rated poor (52 to 56 percent).

Most streams and reservoirs had ratings comparable to those observed in 1991 and 1992.

Tributary reservoirs had generally poorer ratings, primarily because of low dissolved oxygen in the

hypolimnion. This is an ecologically undesirable condition that is partly due to the strong thermal

stratification that occurs in deep reservoirs with relatively long retention times.

Use Suitability Monitoring

Use Suitability Monitoring provides screening level information on the suitability of selected

areas within TVA reservoirs for water contact activities (swimmable) as determined by bacteriological

studies and suitability of fish from TVA reservoirs for human consumption (fishable) as determined

by fish tissue studies.

Bacteriological Studies--Bacteriological samples are collected at over 260 sites in the

Tennessee Valley. These include designated swimming areas, canoe access sites, highly used

recreational areas, and selected nonrecreation sites that provide information on pollution sources or

inflow stream water quality. Recreation sites are sampled at least once every two years.

In 1993, 71 swimming areas and 14 canoe access points were sampled for bacteriological

conditions. All but two swimming areas met the regulatory criterion to be considered safe. Even

those two sites met the criterion if samples collected after heavy rains were excluded. Four canoe

access points on the Duck River exceeded the criterion, both in dry and wet weather.

Bacteriological sampling at nonrecreational areas was conducted at 35 sites in 1993. Only one

reservoir site and two stream sites failed to meet recreation criteria.
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These results are consistent with previous surveys. Fecal coliform concentrations were

generally lower in 1993 due to lower than normal summer rainfall. Bacteriological water quality in

most areas of TVA reservoirs is good. In streams it is much poorer, especially after rainfall.

Fish Tissue Studies--Fish tissue studies examine fillets from important fish species for selected

metals, pesticides, and polychlorinated biphenyls (PCBs) on the U.S. Environmental Protection

Agency's list of priority pollutants. Resulting data are provided to appropriate state agencies to

determine whether further study is needed or fish consumption advisories should be issued. Fish

tissue data reported here represent autumn 1992 collections. Results for fish collected in autumn

1993 were not available at the time this report was prepared due to the time delay required for

laboratory analysis.

Results of fish tissue screening studies in 1992 did not reveal any new areas in need of

intensive investigations. Concentrations of at least one contaminant were high enough to warrant

sampling again at the screening level in 1993. Results of intensive studies (iLe., in-depth studies on

waterbodies where there are known or suspected problems) did not indicate substantial changes from

previous years.
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1.0 INTRODUCTION

1.1 Background

The Tennessee Valley Authority (TVA) started a Stream Monitoring Program in 1986 to

evaluate the major tributaries of the Tennessee Valley at fixed locations. A parallel program,

Reservoir Monitoring, was begun in 1990 when funds were appropriated by Congress for TVA to

strengthen its stewardship responsibilities. The combined Stream and Reservoir Monitoring efforts

consolidated several newly-developed activities along with several existing activities to form an

integrated program. These monitoring efforts, in addition to River Action Team watershed

examinations and public information/educational activities, are now part of TVA's comprehensive

Clean Water Initiative.

1.2 Objectives

Objectives of these monitoring efforts are to provide information on the "health" or

integrity of the aquatic ecosystem in major Tennessee River tributaries and reservoirs and to provide

screening level information for describing how well these water resources meet the "fishable" and
"swimmable" goals of the Clean Water Act.

The ecological integrity of stream and reservoir ecosystems is examined as part of an

activity called Vital Signs monitoring. The basis of Vital Signs monitoring is examination of key

physical, chemical, and biological indicators to evaluate the health of each stream or reservoir and to

target detailed assessment studies if significant problems are found. In addition, this information

establishes a baseline for comparing future water quality conditions as watershed improvements are

made.

Another activity, Use Suitability monitoring, examines how well streams and reservoirs

meet the fishable and swimmable goals of the Clean Water Act. Examination of levels of toxic

contaminants in fillets from important fish species is the basis for the fishable use evaluation.

Swimmable or water contact uses are examined by conducting bacteriological sampling at designated

swimming beaches and other highly used recreation areas.

Using a quantitative approach to evaluate ecological health of water resources is relatively

new, especially for reservoirs. This is only the third year TVA has used this approach, and we

continue to make improvements based on experience gained each year. Ecological health evaluations

drawn from this newly implemented monitoring program are subject to revision in future
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years as more data and experience are acquired on each reservoir. We welcome comments and

suggestions for improvements in these ecological health evaluation methodologies. Please send

comments/suggestions to the address above or contact appropriate individuals listed under key

contacts on page ii.

1.3 Summary Report Description

Volume Iof this report summarizes and integrates results from TVA's stream and

reservoir monitoring activities in 1993. Chapter 1 provides background and objectives for the

monitoring program.j Chapter 2 describes the basis for study design and specific methods for sample

collection. Chapter 3 describes the philosophical approach and data evaluation methods used for each

indicator to determine stream and reservoir ecological health.

Chapter 4 provides an overview of hydrologic and meteorologic conditions for 1993.

Conditions in streams and reservoirs are greatly affected by streamflow, rainfall, and temperature, as

well as by physical and geologic characteristics of the watershed. Dams, and resulting reservoirs'

dynamics, are important factors in the ecological health of regulated river systems. It is important to

consider all these variables and their effects in evaluating ecological conditions of the Tennessee River

system in any given year.

Chapter 5 discusses the 1993 monitoring results from a Valley-wide perspective.

Discussion topics include an overview of ecological conditions, ecological indicators which "drove"

the health ratings, changes from previous years, embayment monitoring (initiated in 1993), and

swimmable and fishable conditions.

Chapters 6-17 provide a watershed-by-watershed summary and conclusions for each of the

12 watershed drainage areas in the Tennessee Valley. Each chapter provides a physical description of

the watershed followed by a description of the physical characteristics, ecological health, and use

suitability of each reservoir and stream monitoring site within the watershed. The ecological health

evaluation is based on an integration of physical, chemical, and biological information gathered using

the different Vital Signs monitoring tools.

Detailed summaries of 1993 results on each reservoir and stream are provided in Volume

II of this report. Volume II is for technical audiences who prefer to form their own evaluation of

conditions. It also serves as a detailed technical summary of conditions at TVA monitoring sites in

1993.

In addition to this technical summary report, a nontechnical document, RiverPulseis

available. RiverPulse (TVA, 1994) is broadly distributed to Tennessee Valley residents and users of

TVA reservoirs. Annual issues of the technical report have been prepared since 1990, and annual
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issues of Riverpulse are available for 1991, 1992, and 1993. There also is a series of annual activity

reports providing detailed results for each monitoring tool (e.g., water, sediment, benthos, fish, etc.).

These detailed reports provide the basis for the summary report. Specific citations for summary and

detailed reports are in the list of references. Copies of any of these documents are available from:

TVA Water Management Library, 1101 Market Street, HB 2C-C, Chattanooga, TN 37402,

Telephone: (615) 751-7338, FAX: (615) 751-7479.
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2.0 DATA COLLECTION METHODS

2.1 Vital Signs Monitorin,

2.1.1 Introduction

The study design for Vital Signs Monitoring is based on meeting the objectives outlined in

Section 1.2. Several assumptions are fundamental to the study design:

1. Ecological health evaluations must be based on information on physical, chemical, and
biological components of the ecosystem;

2. Vital Signs monitoring is a long-term effort to document the status of the
river/reservoir system and track results of water quality improvement efforts;

3. Monitoring methods must be responsive by providing current information to resource
managers;

4. The basic design must be considered dynamic and flexible, rather than rigid and static,
and must allow adoption of new environmental monitoring techniques as they develop
to meet specific needs; and

5. This is a monitoring program; it does not address specific cause/effect mechanisms.
(The step beyond monitoring is assessment in which cause/effect investigations would
target specific, identified concerns.)

Three important aspects were considered in establishing the study design: representative

sampling locations; important ecological indicators; and frequency of sampling. The program that

emerged balances these considerations as follows.

Sampling Locations-For reservoirs, the following three areas were selected for

monitoring: the inflow area, generally riverine in nature; the transition zone or mid-

reservoir area where water velocity decreases due to increased cross-sectional area,

suspended materials begin to settle, and algal productivity increases due to increased water

clarity; and the forebay, the lacustrine area near the dam, Figure 2.1. Overbanks,

basically the floodplain which was inundated when the dam was built, were included in

transition zone and forebay areas. Another important reservoir area, embayments, also

was considered. However, monitoring all embayments is beyond the scope of this

program. Previous studies have shown that ecosystem interactions within an embayment

are mostly controlled by activities and characteristics within the embayment watershed,

usually with relatively little influence from the main body of the reservoir. As a result,
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only four, large embayments, all with drainage areas greater than 500 square miles and

surface areas greater than 4500 acres, are included in the Vital Signs Monitoring Program.

These were added in 1993 and are reported on here for the first time.

The stream monitoring sampling locations were located to sample the cumulative water

quality for as large a percentage of a tributary watershed as possible, with sampling

locations located in the free-flowing reaches of the river near the downstream end of the

watershed, but upstream of any impounded water.

Ecological Indicators-Selection of appropriate ecological indicators for monitoring

was tailored to the specific objective and type of monitoring location. Physical, chemical,

and biological indicators were selected to provide information from various habitats or

ecological compartments on the health of that particular habitat or compartment. In

reservoirs (Figure 2.1) the open water or pelagic area was represented by physical and

chemical characteristics of water (including chlorophyll) in midchannel. The shoreline or

littoral area was evaluated by sampling the fish community. The bottom or benthic

compartment was evaluated using two indicators: quality of surface sediments in

midchannel (determined by chemical analysis of sediments and acute toxicity testing of

pore water); and examination of benthic macroinvertebrates from a transect across the full

width of the sample area (including overbanks if present).

In streams, all available habitats were included to truly characterize the sample site.

This is more easily accomplished in streams than in reservoirs because most habitats are

visible. The same basic indicators used for reservoirs were also used in streams.

For both reservoirs and streams, information from each indicator was evaluated

separately and results were then combined (without ,weighing) to arrive at an overall

evaluation of reservoir ecological health. (See Chapter 3 for more details on the ecological

health evaluation and scoring process.)

Sampling Frequency-Sampling frequencies were selected to take into consideration

the expected temporal variation for each indicator. Physical and chemical components

vary significantly in the short term, whereas biological components are more representative

of long-term conditions. As a result, sampling for physical and chemical indicators is

needed more frequently than biological indicators. In reservoirs, physical and chemical

indicators were examined monthly from spring to fall and in streams every other month

throughout the year. Biological indicators were sampled once each year for reservoir and

stream sites. In reservoirs, benthic macroinvertebrate sampling was conducted in early

spring (February-April), and fish assemblage sampling was conducted in autumn
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of long-term conditions. As a result, sampling for physical and chemical indicators is 
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(September-November). In streams, benthic and fish community sampling is conducted in

late spring-early summer (May-June).

2.1.2 Reservoir Vital Signs Monitoring

The Vital Signs component of reservoir monitoring includes four main activities to

examine and evaluate reservoir health:

(1) physical/chemical characteristics of water;

(2) acute toxicity and physical/chemical characteristics of sediment;

(3) benthic macroinvertebrate community sampling; and,

(4) fish assemblage sampling.

(In addition, aquatic macrophyte community information is included

to provide a more comprehensive evaluation of each reservoir's ecological health.)

Data collection methods for each of these activities are given below. Sampling locations

and specific monitoring activities for each reservoir are listed in Table 2.1 and shown in Figure 2.2.

Physical/Chemical Characteristics of Water--In 1993, physical/chemical water quality

variables were measured at a total of 57 sampling locations on 30 reservoirs. Three specific QA/QC

measures were incorporated in the reservoir physical/chemical water sampling activities. These

included: (1) collection and analysis of triplicate sets of water samples once during the year at all

forebay sampling locations to assess sample collection, laboratory analysis, and natural sample

variability; (2) preparation and analysis of sample container blanks each collection day to assess the

degree of contamination associated with the sample bottles and/or the sample handling processes; and,

(3) preparation and analysis of sample filtration blanks with each set of filtered samples to assess the

degree of contamination associated with the field sample filtration and handling.

The water quality monitoring activities on the Vital Signs reservoirs followed a "basic"

(11 run-of-the-river reservoirs) or a "limited" (19 tributary reservoirs) sampling strategy (Table 2.1).

Basic-Monitoring on the run-of-the-river reservoirs included monthly water

quality surveys (April through September) at forebays and transition zones. Basic

monthly water quality sampling included in situ water column measurements of

temperature, dissolved oxygen, pH, and conductivity; Secchi depth measurements;

surface fecal coliform; photic zone (defined as twice the Secchi depth) composite

chlorophyll-a samples; and photic zone composite and near-bottom samples for
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nutrients (organic nitrogen, ammonia nitrogen, nitrate+ nitrite nitrogen, total

phosphorus, and dissolved orthophosphorus), total organic carbon, color, and

suspended solids. Physical/chemical water quality sampling was not conducted at

most run-of-the-river reservoir inflows because most of these locations are

tailwater areas of upstream dams; water quality characteristics there are more

representative of processes in the upstream reservoir.

Limited-Tributary storage reservoirs were sampled monthly (April through

October) for a smaller list of parameters. The approach was the same as for the

run-of-the-river reservoirs, except that no fecal coliform, color, or suspended

solids samples were collected, and only photic zone composites for nutrients and

organic carbon samples were collected and only in April and August. The April

and August nutrient samplings were designed to provide information on nutrient

concentrations available at the beginning of the growing season, then near the end

of the growing season. Forebays were sampled on all these reservoirs, and mid-

reservoir locations were sampled on all but the smaller reservoirs.

Physical/chemical water quality data were stored on EPA's water quality data storage and

retrieval (STORET) system. Reservoir health evaluation methods used to assess physical/chemical

quality are described below (Section 3.1.2).

Acute Toxicity and Physical/Chemical Characteristics of Sediment-Annual sediment

samples and near-bottom water samples were collected during the summer of 1993 from 59 locations,

i.e., the forebays and transition zones (or mid-reservoir) of the 11 mainstream reservoirs and 19

tributary reservoirs as shown in Table 2.1. In addition, ten of the 59 locations were randomly

selected for replicate QA/QC sampling. Sampling efforts were repeated at each of the ten sites.

Replicate samples were handled and processed independently. Results from these ten sets of

replicates were used to assess field methods consistency, variations in laboratory toxicity and

physical/chemical analyses, and spatial homogeneity of the sediment. Eckman dredge samplers were

used to collect the top three centimeters of sediment and Kemmerer or Isco water samplers were used

to collect the near-bottom water. Each sediment sample was a composite of at least three subsamples

independently collected at each sampling location from the original stream channel bed. At each

sampling site, the subsamples were composited, thoroughly mixed to uniform color and consistency,

and split into two fractions: one fraction for acute toxicity testing, and one fraction for

physical/chemical analyses. Samples were placed on ice immediately after collection, compositing,
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and splitting, and were shipped or carried to the appropriate laboratory. One split from each

sampling location and the sample of near-bottom water were shipped to the Toxicity Testing

Laboratory (TTL) for toxicity testing; the other split at each sampling location was shipped or carried

to the Environmental Chemistry Laboratory (ECHE) for chemical and physical analyses.

Acute Toxicity Testing-Within 36 hours of collection, all sediment samples

were screened for toxicity using RotoxO (rotifer, Brachionus calyciflorus survival)

and daphnid (Ceriodaphnia dui) acute tests. Organisms were exposed to

undiluted interstitial (pore) water from the sediment and near bottom water.

Interstitial water was obtained by refrigerated centrifugation of sediment. Control

water consisted of Moderately Hard Reconstituted Water, MHRW (TVA, 1992b),

(hardness of 80-100 mg/L as CaCO.) enriched with 10 percent Tennessee River

water from TTL's experimental channels for the daphnid test and MHRW adjusted

to pH=7.5 using HCI for the rotifer test. All samples were aerated to bring

dissolved oxygen levels to near saturation (8.4 mg/L at 25°C) before testing.

Water chemistry (temperature, DO, pH, conductivity, alkalinity, and hardness) was

measured for all samples and controls. After centrifugation of the sediment, pore

water samples were collected and preserved and sent to the Environmental

Chemistry Laboratory for un-ionized ammonia analysis. Four replicates of five

individuals each were used in both tests. Rotifer (24-hr) and daphnid (48-hr) acute

toxicity was reported if average survival in the four replicates was significantly

reduced (95 percent probability) from the control.

Physical/Chemical Characteristics-Splits of the same sediment samples used

in the toxicity testing were analyzed for 13 metals, un-ionized ammonia (in pore

water), total and volatile solids, particle size, and 26 selected trace organics

(organochlorine pesticides and PCBs, Table 2.3).

Additional details for the collection methods, acute toxicity testing protocols and results,

and the physical/chemical analytical results are given in TVA technical report (Moses, Simbeck, and

Wade, 1994). How this sediment quality information was used in the reservoir health evaluations is

described below in Section 3.1.2, Reservoir Sediment Quality Rating Scheme.

Benthic Macroinvertebrate Community Sampling--Benthic macroinvertebrate community

samples were collected in the spring (March and April) of 1993 at 69 locations on the 30 Vital Signs
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reservoirs, Table 2.1. At each sample location, a line-of-sight transect was established across the

width of the reservoir, and Ponar grab samples were collected at ten equally-spaced locations along

this transect. When rocky substrates were encountered, a Peterson dredge was used. Only those

samples which were collected from the permanently wetted bottom portion of the reservoir (i.e., those

Ponar or Peterson samples collected below the elevation of the minimum winter pool level) were used

to evaluate the condition of the benthic community. Samples were washed in the field, transferred to

a labeled collection jar, and fixed with 10 percent buffered formalin solution. Specimens were sent to

the laboratory where they were sorted, counted, and identified to the lowest practical taxon, typically

genus or species, and reported as number per square meter. Six metrics (Table 3.1) were chosen to

evaluate the benthic macroinvertebrate community as it relates to the overall ecological health of the

reservoir. These metrics and the rating scheme are described in Section 3.1.2, Reservoir Benthic

Community Rating Scheme.

To assess the reproducibility of benthic macroinvertebrate sampling results, replicate

samples were collected at nine of the 69 sampling locations in 1993, with all types of reservoir

locations (i.e., forebay, transition zone, and inflow) included. At each of the replicate sampling

locations, the sampling protocol involved collection of a first set of ten samples, leaving the sampling

location, and then returning as near as possible to the original transect site (on the same day) and

repeating the collection of a second (replicate) set of ten samples. The results from the nine sets of

replicate samples were then evaluated for reproducibility. Benthic macroinvertebrate data are

available in computer-readable form from TVA upon request.

Fish Assemblage Sampling-In the autumn of 1993, electrofishing and/or gill netting data

were collected from 69 locations on the 30 Vital Signs reservoirs to evaluate the fish assemblage,

Table 2.1. Fifteen electrofishing runs (300 meters in length) were made at each location (forebay,

transition or mid-reservoir, and inflow) with all habitats sampled in approximate proportion to their

occurrence at the sampling location. Habitat distinctions were based on major changes in substrate

(e.g., bluff, rip-rap, mud, etc.) and/or presence of cover such as brush or boat docks. Twelve

experimental gill nets were also set overnight at each location covering all habitat types where

conditions permitted. At some inflow locations, flow and/or lack of suitable sites limited the number

of nets that could be set. All fish collected from either electrofishing or gill netting were enumerated,

with length and weight measurements taken on important sport species. Estimated numbers were used

when high densities of fish were encountered during electrofishing. Young-of-the-year (YOY) fish

were counted separately from adults. All fish measured were inspected for external diseases,

parasites, and anomalies. Twelve metrics (Table 3.3) were chosen to evaluate the fish assemblage as
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it relates to the overall ecological health of the reservoir and are described in Section 3.1.2, Reservoir

Fish Assemblage Rating Scheme.

If the fish assemblage at a particular sampling location appeared to have changed

substantially (up or down) from the previous year, the site was resampled (within one to two weeks)

to assure that sampling conditions were not causing anomalous results. Resample results were used

for two sampling locations (Cherokee Reservoir forebay and Guntersville Reservoir transition zone)

during 1993 fish assemblage evaluations.

All data were recorded on a portable field data logger and downloaded to a personal

computer before being added to the TVA mainframe fisheries data base. Fish assemblage data are

available in computer-readable form from TVA upon request.

Aguatic Macronhyves-Coverage of aquatic macrophytes was determined from large-scale

(1 inch =600 feet or 1 inch= 1000 feet) color aerial photography flown during maximum submerged

macrophyte coverage (ate summer or early fall of 1993). Boat surveys to determine species

composition of the dominant macrophyte communities were conducted at selected sites at the

approximate time of the aerial overflight. Aquatic macrophyte colonies were delineated on mylar

overlays attached to photographic prints, labeled according to species, and areal coverage determined

using an electronic planimeter. Reservoirs flown for aerial photography in 1993 included Kentucky,

Wilson, Wheeler, Guntersville, Nickajack, Chickamauga, Tellico, South Holston, and lakes in the

Beech River project. For reservoirs where aerial photography was unavailable, standard field surveys

and historical information were used to estimate community composition and coverage. Submersed

aquatic plant populations generally are rare in tributary reservoirs because of the wide fluctuations of

water surface elevations associated with their operation for floodwater storage. Known populations

have been extremely small, short-lived, and of little significance.

A detailed summary of TVA's Aquatic Plant Management Program for 1993 and planned

work for 1994 is available in a technical report (Burns, Bates, and Webb, 1994) that is updated and

published annually.

2.1.3 Stream Vital Signs Monitoring

In 1993, Vital Signs stream sampling locations were located on 12 major tributaries to the

Tennessee River (Figure 2.3 and Table 2.2). At each stream sampling location, four types of

information were collected and examined to assess the ecological health of the stream and to provide

information for evaluating the conditions found in the downstream receiving reservoir. These four
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components of stream monitoring (which complement the same four components for reservoir

monitoring) were:

(1) physical/chemical characteristics of water;

(2) acute toxicity and physical/chemical characteristics of

sediment;

(3) benthic macroinvertebrate community sampling; and

(4) fish community sampling.

Physical/Chemical Characteristics of Water--In 1993, physical/chemical water quality

characteristics were measured bimonthly (odd numbered months) at 12 stream locations (Table 2.2).

QA/QC methods for the stream water quality sampling activities included: (1) collection and analysis

of duplicate sets of water samples at five stream locations to assess sample collection, laboratory

analysis, and natural sample variability; (2) preparation and analysis of sample container blanks (for

metals and nutrient analyses) each collection day to assess the degree of contamination associated with

the sample bottles and/or the sample handling processes; and, (3) preparation and analysis of sample

filtration blanks (dissolved nutrients and dissolved metals) with each set of filtered samples to assess

the degree of contamination associated with the field sample filtration and handling.

Physical/chemical water quality characteristics measured in 1993 included:

On-Site Measurements-flow, temperature, dissolved oxygen, pH,

conductivity, alkalinity, and fecal coliform bacteria; and

Laboratory Measurements-physical analyses (hardness, color, turbidity, total

suspended solids, total dissolved solids, and chemical oxygen demand), nutrient

analyses (organic nitrogen, ammonia nitrogen, nitrite+ nitrate nitrogen, total

phosphorus, dissolved orthophosphorus, and total organic carbon), major

cations/anions analyses (calcium, magnesium, sodium, potassium, chloride, and

sulfate), and metal analyses (total and dissolved aluminum, dissolved cadmium,

total and dissolved copper, total and dissolved iron, dissolved lead, total and

dissolved manganese, dissolved nickel, dissolved silver, and total and dissolved

zinc).

The physical/chemical water quality data are stored on EPA's water quality data storage

and retrieval (STORET) system. Methods used to assess physical/chemical quality of each stream

sampling location in regard to the ecological health evaluations are described in Section 3.1.3.
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Acute Toxicity and Physical/Chemical Characteristics of Sediment--During the summer of

1993, an annual sediment and bottom water sample was collected at each of the 12 Vital Signs stream

sampling locations, Table 2.2. Each sediment sample was a composite of at least five surficial

sediment subsamples. At stream sampling locations with shallow and wadable water, subsamples

were collected using clean stainless steel spoons. At sampling locations with deeper water, divers

collected subsamples using one-liter glass jars. The subsamples were composited and thoroughly

mixed to ensure uniform color and texture. At each sampling location the composited sample was

then split for acute toxicity and for physical/chemical analyses. The split samples were placed on ice

immediately and shipped to the Toxicity Testing Laboratory (TTL) at Browns Ferry Nuclear Plant for

toxicity testing and to the Environmental Chemistry Laboratory (ECHE) for chemical and physical

analyses.

Acute toxicity testing and physical/chemical analyses of the split samples were performed

in exactly the same manner as described in Section 2.1.2, Reservoir Acute Toxicity and

Physical/Chemical Characteristics of Sediment. Additional details for the collection methods, acute

toxicity testing protocols and results, and the physical/chemical analytical results are given in a TVA

technical report (Moses, Simbeck, and Wade, 1994b). How this sediment quality information was

used in the stream health evaluations is described in Section 3.1.3, Stream Sediment Quality Rating

Scheme.

Benthic Macroinvertebrate Community Samplin --Benthic macroinvertebrates were

sampled at the 12 stream sites between mid-May and early July (streamflow conditions permitting) in

order to maximize collection before hatching of winged adults. The benthic sampling sites were

located as close as possible to the corresponding water quality sampling location (Table 2.2), with

exact site selection depending upon the presence of suitable habitat types. Stream habitat in

Tennessee Valley rivers and streams can generally be classified as riffle, run, or pool.

Both quantitative (Hess and Surber) and qualitative (D-net and handpicking) samples were

collected to define relative abundance and species occurrence at each site. Quantitative sampling was

completed in substrate types ranging from rubble to gravel in both riffle and pool habitats.

Qualitative sampling was limited to a maximum of two man-hours per site, or was discontinued when

redundancy in organisms being collected was observed. In total, seven samples were collected per

station. These include: (a) three Hess samples in pools at the head of a riffle, in substrate that

contained a light covering of silt; (b) three Surber samples collected in shallow riffle habitat and along

the borders of emergent vegetation (limited to areas where the water did not exceed the depth of the

sampling frame); and (c)'a single qualitative sample of bottom fauna organisms using D-nets and
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-13-



handpicking from all habitats present. Habitats targeted for qualitative sampling were leaf packs,

woody debris, emergent aquatic vegetation, and boulders.

All specimens were preserved in 10 percent formalin solution and returned to the

laboratory for sorting, enumeration, and identification. Specimens were identified to the lowest

practical taxon, typically genus or species. Twelve metrics, based on a classification system

developed by Kerans et.al (1992), were used to evaluate the stream benthic ecological health

(Table 3.4).' Methods used to assess the ecological health of the benthic community at each stream

sampling location are described below (Section 3.1.3, Stream Benthic Community Rating Scheme).

Benthic macroinvertebrate data are available in computer-compatible form from TVA, upon request.

Fish Community Sampling--Fish community sampling was conducted in summer (May-

July) at 11 of the 12 stream sampling locations in 1993, Table 2.2. (The Elk River site was not

sampled.) A boat-mounted electrofishing unit was used for deep pool habitats, and a backpack

electrofishing unit, dip nets, and seine were used for wadable habitats. At each stream site, at least

four general habitats (run, riffle, shallow pool, and deep pool) were sampled until three consecutive

units of sampling effort (seine haul or timed shocking run) produced no additional species per habitat.

Additional habitats were sampled as determined by the field crew leader. Fish specimens that were

difficult to identify were preserved and their identity later confirmed. All fish collected were

enumerated. Numbers were estimated if high densities were encountered during electrofishing.

Young-of-the-year (YOY) fish were counted separately from adults. All fish measured were inspected

for external diseases, parasites, and anomalies.

A modified version of Karr's (1981) index of biotic integrity (IBI) was used to assess the

condition of the resident fish community, Table 3.5. This evaluation scheme is described in Section

3.1.3, Stream Fish Community Rating Scheme. Fish community data are available in computer-

readable form from TVA upon request.

2.2 Use Suitability Monitoring

Use Suitability monitoring provides screening level information on the suitability of

selected reservoir areas and stream reaches in the Tennessee Valley for water contact recreation

(swimmable) and suitability of fish for human consumption (fishable). The use suitability evaluation

is based on results of: (1) bacteriological sampling at recreation areas, and (2) collection and analysis

of fish tissue.
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2.2.1 Bacteriological Sampline

In 1989, TVA began periodically sampling recreation sites in the Tennessee Valley for

fecal coliform bacteria to determine each site's suitability for water contact recreation. In addition to

swimming beaches, many other recreation sites were also included in the program, such as canoe

launch areas, picnic areas, boat ramps, and marinas. This bacteriological sampling program now

includes approximately 260 sites and is designed to sample all locations on a frequency of about once

every other year. Prior to 1993, the sampling frequency was approximately once every five years.

Samples are collected in a manner to conform with state criteria and federal guidelines; at

each site at least ten fecal coliform samples are collected within a 30-day sampling period during the

summer recreation season. QA/QC procedures include running at least one duplicate sample at each

site and preparation and analyses of sample container blanks each collection day to assess degree of

contamination associated with sample containers, handling process, and analytical equipment. The

suitability of a recreation site for water contact recreation is based on EPA guidelines for fecal

coliform bacteria (EPA, 1991).

In 1993, fecal coliform samples were collected in spring and summer at 59 designated

swimming beaches and 14 canoe access sites to evaluate use suitability for whole body water contact

recreation. In addition, 53 informal recreation sites where incidental water contact may occur (e.g.,

boat launch ramps, picnic areas, parks, marinas, etc.), were sampled.

Monthly (April through September) bacteriological samples were collected at 20 forebay

and transition zone locations and four major tributary embayments on the run-of-the-river reservoirs

as part of the basic Vital Signs Reservoir Monitoring (Table 2.1).

All TVA bacteriological sampling data are stored on EPA's water quality data storage and

retrieval (STORET) system. A technical report (Fehring, 1994) provides specific details and

evaluations of TVA's 1993 bacteriological monitoring results, and is available upon request.

2.2.2 Fish Tissue Sampling

In cooperation with Valley states, since 1987 TVA has collected and analyzed fish from

over 80 Tennessee Valley reservoir and stream locations as part of both "screening" and "intensive"

evaluations. In screening studies, composited fillets of indicator fish species (primarily channel

catfish) are analyzed for a wide range of potential contaminants to identify possible problem areas

where intensive investigation may be needed. Intensive studies are conducted on reservoirs or

streams where contamination problems are known or suspected, based on the screening study

information. For intensive studies, individual fillets from several important fish species are analyzed

for specific contaminants to better document the number of species contaminated and level of
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contamination in each species. Intensive studies also include a higher density of sampling locations in

the reservoir or stream of interest to better define the spatial extent of the contamination. The intent

is to provide information that state public health officials can use to determine whether fish

consumption advisories should be issued to protect human health.

Screening Studies--Channel catfish were-collected from 16 reservoirs in

autumn of 1992. Fillets were removed, composited by location, and analyzed for

metals, PCBs, and pesticides on EPA's Priority Pollutant List (Table 2.3). During

the preparation process, observations of external and internal conditions of each

fish were recorded along with length, weight, sex, fillet weight, and liver weight.

Intensive Studies-The following six TVA reservoirs were examined

intensively in 1992: Wheeler, Nickajack, Watts Bar, Fort Loudoun, Melton Hill,

and Ocoee No. 1 (Parksville Reservoir). In each case, the contaminant of concern

was PCBs, except for Wheeler, where DDT is the problem. Chlordane was also

of concern in some reservoirs. Fish consumption advisories that recommend either

limiting the quantity of fish eaten or avoiding any consumption are in effect for all

these reservoirs except Ocoee No. 1.

All fish tissue data are stored on EPA's water quality data storage and retrieval (STORET)

system. A technical report (Williams and Dycus, 1993) provides specific details and evaluations of

TVA's 1991 and 1992 fish tissue studies and is available on request.
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Table 2.1
1993 Vital Signs Monitoring

Run-of-the-River Reservoirs

-- Basic Monitoring Strategy--

Reservoir VitaL Siqns Monitoring Toots

Sanpt ing
Locations'

STORET
ID #Reservoir Descriptionb

Sediment Quatityd
Toxicity PhyChem

Benthic
Invertebrates'

Fish Community'
Diversity/RFAIWater QuaHityZ

Kentucky

Pickwick

Wilson

Wheeler

N)
O

TRM 23.0
TRM 85.0
TRM 200-206
Big Sandy 7.4

TRM 207.3
TRM 230.0
TRM 253-259
Bear Cr 8.4

TRM 260.8
TRM 273-274

TRM 277.0
TRM 295.9
TRM 347-348
Elk River 6.0

TRM 350.0
TRM 375.2
TRM 420-424

TRM 425.5
TRM 469-470

TRM 472.3
TRM 490.5
TRM 518-529
Hiwassee 8.5

202832
477403

477210

476799
016923

017849

016912

016900

017009

017850

017261
017522

476344

475358

475265

477512

1A-FB
IB-TZ
ic-I
1D-E

2A-FB
2B-TZ
2C-I
2D-E

3A-FB
3 C-I

4A-FB
4B-TZ
4C-I
4D-E

5A-FB
5B-TZ
5C-I

6A-FB
6C-I

7A-FB
7B-TZ
7C-I
7D-E

M
M

M

M
M

M

M

M
M

M

M
M

M

M
M

M

A
A

A

A
A

A

A
A

A

A
A

A

A A

Guntersville

Nickajack

Chickamuaga

A
A

A

A
A

A

A

A

A

A
A

A

A
A

A

A

A

A

A
A
A
A

A
A
A
A

A
A

A
A
A
A

A
A
A

A
A

A
A
A
A

A
A
A
A

A
A
A
A

A
A

A
A
A
A

A
A
A

A
A

A
A
A
A

Table 2.1 
1993 vital Signs Monitoring 

Run-of-the-River Reservoirs 
--Basic Monitoring Strategy--

Reservoir Vital Signs Monitoring Tools 

S~ling STOREr Sediment Qualitt Benthic Fish Conm.rn i tlf 
Reservoir Locations· ...!!LL Descri pt i onb \later Qua l i ty" Toxicity Phy/Chem Invertebrates' Diversitl/RFAI 

Kentucky TRM 23.0 202832 1A-FB M A A A A 
TRM 85.0 477403 1B-TZ M A A A A 
TRM 200-206 1C-I A A 
Big Sandy 7.4 477210 1D-E M A A A A 

pickwick TRM 207.3 476799 2A-FB M A A A A 
TRM 230.0 016923 2B-TZ M A A A A 
TRM 253-259 2C-I A A 

I Bear Cr 8.4 017849 2D-E M A A A A 
N 
0 
I Wilson TRM 260.8 016912 3A-FB M A A A A 

TRM 273-274 3C-I A A 

Wheeler TRM 277.0 016900 4A-FB M A A A A 
TRM 295.9 017009 4B-TZ M A A A A 
TRM 347-348 4C-I A A 
Elk River 6.0 017850 4D-E M A A A A 

Guntersville TRM 350.0 017261 5A-FB M A A A A 
TRM 375.2 017522 5B-TZ M A A A A 
TRM 420-424 5C-I A A 

Nickajack TRM 425.5 476344 6A-FB M A A A A 
TRM 469-470 6C-I A A 

Chickamuaga TRM 472.3 475358 7A-FB M A A A A 
TRM 490.5 475265 7B-TZ M A A A A 
TRM 518-529 7C-I A A 
Hiwassee 8.5 477512 7D-E M A A A A 



Table 2.1 (continued)
1993 Vital Signs Monitoring
Run-of-the-River Reservoirs

-- Basic Monitoring Strategy (continued)--

Reservoir Vital Signs Monitoring Toots

SampL ing
Locat ions'

STORET
ID #

Sediment Quatityd
Toxicity PhythReservoir Description6 Water Quality

Benthic
Invertebrates'

Fish CommunitV
Diversity/RFAI

Watts Bar

Fort Loudoun

Melton Hill

Tellico

TRM 531.0
TRM 560.8
TRM 600-601
CRM 19-22

TRM 605.5
TRM 624.6
TRM 652

CR1M 24.0
CRM 45.0
CRM 59-66

LTRM 1.0
LTRM 15.0
LTRM 21.0

475317
476041

477404
475603

477064
476194

476260
476456
476295

8A-FB
8B-TZ
8C-I
8D-I

9A-FB
9B-TZ
9C-I

1OA-FB
1OB-TZ
10C-I

I1A-FB
11B-TZ

M
M

A
A

A
A

M
M

M
M

M
M

A
A

A
A

A
A

A
A

A
A
A
A

A
A
A

A
A
A

A
A

A
A
A
A

A
A
A

A
A
A

A
A

A A
A A
A A

Totals 24 25 25 35 35

Table 2.1 (continued) 
1993 vital Signs Monitoring 

Run-of-the-River Reservoirs 
--Basic Monitoring strategy (continued)--

Reservoir Vital Signs Monitoring Tools 

Sa"llli ng STORET Sediment Qualit~d Benthic Fish COIlIlJJn i t~f 
Reservoir locations· ..JQ..L Description" Water Qua l i tv" Toxicity PhyJChem Invertebrates· Diversit~/RFAI 

watts Bar TRM 531.0 475317 8A-FB M A A A A 
TRM 560.8 476041 8B-TZ M A A A A 
TRM 600-601 8C-1 A A 
CRM 19-22 8D-1 A A 

Fort Loudoun TRM 605.5 477404 9A-FB M A A A A 
TRM 624.6 475603 9B-TZ M A A A A 
TRM 652 9C-1 A A 

I 
IV Melton Hill CRM 24.0 477064 10A-FB M A A A A I-' 
I CRM 45.0 476194 10B-TZ M A A A A 

CRM 59-66 10C-1 A A 

Tellico LTRM 1.0 476260 11A-FB M A A A A 
LTRM 15.0 476456 11B"';'TZ M A A A A 
LTRM 21.0 476295 A A 

Totals 24 25 25 35 35 



Table 2.1 (continued)
1993 Vital Signs Monitoring

Tributary Storage Reservoirs

-- Limited Monitoring Strategy--

Reservoir Vitat Signs Monitoring Toots

SampLing
Locat ions'

STORET

ID #Reservoir

Norris CRM
CRM
PRM

HRM
HRM
HRM

80.0
125.0
30.0

Cherokee 53.0
76.0
91

DouglasN,

!,

FBRM 33.0
FBRM 51.0
FBRM 61

Ft.Pat Henry SFHR 8.7

Boone SFHR 19.0
SFHR 27.0
WRM 6.5

476009
477186
477187

475025
475028

475081
477510

477509

475858
476221
477511

475859
475573

475576
477513

370004
370177
370162

Descriptionb

12A-FB
12B-MR
12C-MR

13A-FB
13B-MR
13C-I

14A-FB
14B-MR
14C-I

15-FB

16A-FB
16B-MR
16C-MR

Water Qualityz

M
M
M

sediment Qualityd
Toxicity Phy/Chem

M
M

M
M

M

M
M

M
M

M
M

M
MM

A
A
A

A
A

A
A

A
A
A

A
A

A
A

Benthic
Invertebrates'

A
A
A

Fish Community'
Diversity/RFAI

A
A
A

A A

A
A
A

South Holston

Watauga

Fontana

SFHR 51.0
SFHR 62.5

WRM 37.4
WRM 45.5

LTRM 62.0
LTRM 81.5
TkRM 3.0

17A-FB
17B-MR/I

A
A

A
A
A

A
A

A
A

A
A
A

A

A

A

A

A

A
A
A

A
A

A
A

A
A
A

A
A
A

A
A

A

A
A
A

A
A

A
A

A
A
A

18A-FB
18B-MR

19A-FB
19B-MR
19C-MR

A
A

A
A
A

Table 2.1 (continued) 
1993 vital Signs Monitoring 

Tributary storage Reservoirs 
--Limited Monitoring strategy--

Reservoir Vital Signs Monitoring Tools 

Sampl ing STORET Sediment Qual it~ Benthic Fish COIIIllJtli t~1 
Reservoir Locations· ...!Q.JL Description" lJater Qual itt Toxicity PhY/Chem Invertebrates· DiversitY/RFAI 

Norris CRM 80.0 476009 12A-FB M A A A A 
CRM 125.0 477186 12B-MR M A A A A 
PRM 30.0 477187 12C-MR M A A A A 

Cherokee HRM 53.0 475025 13A-FB M A A A A 
HRM 76.0 475028 13B-MR M A A A 
HRM 91 13C-I A A 

I Douglas FBRM 33.0 475081 14A-FB M A A A A 
N FBRM 51.0 477510 14B-MR M A A A N 
I FBRM 61 14C-I A 

Ft.Pat Henry SFHR 8.7 477509 15-FB M A A A A 

Boone SFHR 19.0 475858 16A-FB M A A A A 
SFHR 27.0 476221 16B-MR M A A A A 
WRM 6.5 477511 16C-MR M A A A A 

South Holston SFHR 51.0 475859 17A-FB M A A A A 
SFHR 62.5 475573 17B-MR/I M A A A A 

watauga WRM 37.4 475576 18A-FB M A A A A 
WRM 45.5 477513 18B-MR M A A A A 

Fontana LTRM 62.0 370004 19A-FB M A A A A 
LTRM 81.5 370177 19B-MR M A A A A 
TkRM 3.0 370162 19C-MR M A A A A 



Table 2.1 (continued)
1993 Vital Signs Monitoring

Tributary Storage Reservoirs

-- Limited Monitoring Strategy (continued)--

Reservoir VitaL Signs Monitoring Toots

Sam I i ng
Locations'

STORET
ID #

Sediment DuaLityd
Toxicity Phy/ChernReservoir

I

I

Hiwassee

Chatuge

Nottely

Ocoee No.1

Blue Ridge

Tims Ford

Bear Creek

Cedar Creek

L.Bear Creek

Beech

Normandy

HiRM 77.0
HiRM 85.0
HiRM 90

HiRM 122.0
Shooting Cr 1.5

NRM 23.5
NRM 31.0

ORM 12.5

ORM 16.5

ToRM 54.1

ERM 135.0
ERM 150.0

BCM 75.0

CCM 25.2

LBCM 12.5

BRM 36.0

DRM 249.5

370001
370154

370003
370178

120883
120806

475684

130032

477072
475768

017041

017233

017474

475876

477453

Descriptionb

20A-FB
20B-MR
20C-I

2 1A-FB
21B-FB

22A-FB
22B-MR

23-FB

24-FB

25A-FB
25B-MR

26-FB

27-FB

28-FB

29-FB

3 0-FB

Water Quality'
Benth i c

I nvertebrates'

A A
A A

A
A

A
A

A
A

A

A
A

A

A

A

A

A

A
A

A
A

A

A

A
A

A

A

A

A

A

A
A
A

A
A

A
A

A

A

A
A

A

A

A

A

A

A
A
A

A
A

A
A

A

A

A
A

A

A

A

Fish Ccommu~nity,
Diversity/RFAI

A

Totals 33 34 33 34 34

Table 2.1 (continued) 
1993 Vital Signs Monitoring 

Tributary Storage Reservoirs 
--Limited Monitoring Strategy (continued)--

Reservoir Vital Signs Monitoring Tools 

SalTllling STORET Sediment Qual it~ Benthic Fish COII1IUli t}!' 
Reservoi r locations· ...l!LL DescriPtion" Water Qua l i t}!c Toxicit}! PhWChem Invertebrates· Diversit}!/RFAI 

Hiwassee HiRM 77.0 370001 20A-FB M A A A A 
HiRM 85.0 370154 20B-MR M A A A A 
HiRM 90 20C-I A A 

Chatuge HiRM 122.0 370003 21A-FB M A A A A 
Shooting Cr 1.5 370178 21B-FB M A A A A 

Nottely NRM 23.5 120883 22A-FB M A A A A 
I NRM 31.0 . 120806 22B-MR M A A A A 

N 
W 
I Ocoee No.1 ORM 12.5 475684 23-FB M A A A A 

ORM 16.5 A 

Blue Ridge ToRM 54.1 130032 24-FB M A A A A 

Tims Ford ERM 135.0 477072 25A-FB M A A A A 
ERM 150.0 475768 25B-MR M A A A A 

Bear Creek BCM 75.0 017041 26-FB M A A A A 

Cedar Creek CCM 25.2 017233 27-FB M A A A A 

L.Bear Creek LBCM 12.5 017474 28-FB M A A A A 

Beech BRM 36.0 475876 29-FB M A A A 

Normandy DRM 249.5 477453 30-FB M A A A A 

Totals 33 34 33 34 34 



Footnotes

a. BCM - Bear Creek Mile BRM - Beech River Mile CCM Cedar Creek Mile
CRM - Clinch River Mile DRM - Duck River Mile ERM - Elk River Mile
FBRM - French Broad River HiRM - Hiwassee River Mile HRM - Holston River Mile
LBCM - Little Bear Creek Mile LTRM - Little Tennessee River Mile NRM - Nottely River Mile
ORM - Ocoee River Mile PRM - Powell River Mile SFHR - So Fork Holston River Mile
TRM - Tennessee River Mile ToRM - Toccoa River Mile TkRM - Tuckaseegee River Mile
WRM - Watauga River Mile PRM - Powell River Mile

b. Numbers are keyed to Figure 2.2. FB - forebay; TZ - transition zone; MR - mid-reservoir; I - Inflow; and
E - embayment. MR/I- Sampling location was referred to as an inflow location in the fish community evaluation
(sampling done in autumn at lower reservoir water level elevations); and, as a mid-reservoir location in the
evaluation of the water quality data (sampling done in summer at higher water level elevations).

c. -- Basic Monitoring Strategy--
M - monthly water quality surveys (April through September). The surveys include: in situ water column
measurements of temperature, dissolved oxygen, pH, and conductivity; Secchi depth measurements; surface
fecal coliform and photic zone chlorophyll-a samples; and surface and near-bottom water samples for
nutrients (organic nitrogen, ammonia nitrogen, nitrate+nitrite nitrogen, phosphorus, and dissolved ortho
phosphorus), total organic carbon, color, and suspended solids.

-- Limited Monitoring Strategy--
M - monthly water quality surveys (April through October). The surveys include: in situ water column

Xmeasurements of temperature, dissolved oxygen, pH, and conductivity; Secchi depth measurements; and, photic
I zone chlorophyll-a samples. Twice a year (April and August) surface water samples are collected for

nutrients (organic nitrogen, ammonia nitrogen, nitrate+nitrite nitrogen, phosphorus, and dissolved ortho
phosphorus), and total organic carbon. Once a year (August) bottom water samples are collected for ammonia
nitrogen. No samples are collected for fecal coliform, color, and suspended solids.

d. A - annual summer samples of sediment pore water and bottom water are examined for acute toxicity (rotifers
and Ceriodaphnia). At the same time, the sediment is collected and analyzed for metals, total and volatile
solids, particle size, and twenty-six trace organics (organochlorine pesticides and PCBs).

e. A - annual benthic invertebrate samples are collected, enumerated and identified to lowest practical taxon
(genus or species) in the spring of year.

f. A - annual electroshocking and gill-netting techniques are used to evaluate the near-shore fish community,
during autumn.

I 
tv 
~ 
I 
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Table 2.2
1993 Vital Signs Monitoring

STREAM VITAL SIGNS MONITORING LOCATIONS, 1993

Tributary Stream River STORET Description
Mile ID #

Duck River 26.0 475793 USGS stream gage above
Hurricane Mills, TN

Bear Creek 27.3 017019 TVA stream gage near
Bishop, AL

Elk River 36.5 477330 USGS stream gage at
Veto Road bridge near
Prospect, TN

Sequatchie River 6.3 477177 Valley Road bridge near
Jasper, TN

Hiwassee River 36.9 477369 East Patty Road bridge
near Benton, TN

Little Tennessee River 94.7 370158 USGS stream gage near
Needmore, NC

Emory River 18.3 475838 USGS stream gage at
Oakdale, TN

Clinch River 159.8 475846 USGS stream gage near
Tazewell, TN

Powell River 65.4 475098 TVA stream gage near
Arthur, TN

Holston River 118.7 475945 TVA stream gage near
Surgoinsville, TN

Nolichucky River 10.3 477150 TVA stream gage at
David Thomas bridge
near Lowland, TN

French Broad River 77.5 475086 US Hwy 411 bridge at
I_ I I Oldtown, TN
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Table 2.3
1993 Vital Signs Monitoring

PHYSICAL/CHEMICAL MEASUREMENTS - SEDIMENT

Detection Sediment
Description, units Limits Quality

(dry weight) Guidelinesa

Metals and Ammonia

Aluminum, mg/g 1mg/g --

Arsenic, mg/kg 1 mg/kg 8 mg/kgb

Cadmium, mg/kg 0.5 mg/kg 6 mg/kgb

Calcium, mg/g 0.5 mg/g --

Chromium, mg/kg 10 mg/kg 75 mg/kgb

Copper, mg/kg 2 mg/kg 50 mg/kgb

Iron, mg/g I m/ --

Lead, mg/kg 5 mg/kg 60 mg/kgb

Magnesium, mg/g 0.5 mg/g --

Manganese, mg/g 0.1 mg/q --

Mercury, mg/kg 0.1 mg/kg 1 mg/kgb

Nickel, mg/kg 5 mg/kg 50 mg/kgb

Zinc, mg/kg 10 mg/kg 300 mg/kg

Un-ionized Ammonia(inporewater), pg NH3/l 10 mg/l 200 Pg/l

Solids

Total solids, % 0.1% --

Total volatile solids, % 0.1% --

Particle size, <0.062 mm diameter, % 0.1% --

Particle size, <0.125 mm diameter, % 0.1% --

Particle size, <0.50 mm diameter, % 0.1% --

Particle size, <2.0 mm diameter, % 0.1% --

Organochlorine Pesticides and PCB's

Aldrin, pg/kg 10 g/kg10 /k

a-Benzene Hexachloride (BHC), Mg/kg 10 pg/k2 10 pug/kg

fl-Benzene Hexachloride (BHC), pg/kg 10 pg/kg 10 yg/kg

7-Benzene Hexachloride (Lindane), pg/kg 10 Mg/kg 10 pg/kg

6-Benzene Hexachloride (BHC), Mg/kg 10 pg/kg 10 Mgk

Chlordane, pg/kg 10 pg/kg 10 Mg/kg

Dieldrin, pg/kg 10 pg/kg 10 pg/kg

p,p DDT, Mg/kg 10 Mg/kg 10 pg/kg

p,p DDD, pg/kg 10 ig/kg 0 g/kq

p,p DDE, pg/kg 10 pg/kg 10 pg/kg

-26-

Table 2.3 
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Detection Sediment 
Description, units Limits Quality 

(dry weight) Guidelines· 

Metals and Ammonia 
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Magnesium, mg/g 0.5 mg/g --
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Mercury, mg/kg 0.1 mg/kg 1 mg/kgb 

Nickel, mg/kg 5 mg/kg 50 mg/kgb 

Zinc, m~/kg 10 mg/kg 300 mg/kg 
Un-ionized Ammonia (in pore water), pg NH3/1 10 pg/l 200 pg/l 

Solids 

Total solids, % 0.1% --
Total volatile solids, % 0.1% --
Particle size, <0.062 mm diameter, % 0.1% --
Particle size, <0.125 mm diameter, % 0.1% --
Particle size, <0.50 mm diameter, % 0.1% --
Particle size, <2.0 mm diameter, % 0.1% --

organochlorine Pesticides and PCB's 

Aldrin, jJCJ/kg 10 Ilg/kg 10 pg/kg 
a-Benzene Hexachloride iBHC),llg/kg 10 Ilg/kg 10 Ilg/kg 
/l'-Benzene Hexachloride (BHC), Ilg/kg 10 Ilg/kg 10 Ilg/kg 
'V-Benzene Hexachloride (Lindane), Ila/kg 10 Ilg/kg 10 }Jgjkg 
!!i-Benzene Hexachloride (BHC), Ilg/kg 10 Ilg/kg 10 Ilg/kg 
Chlordane, Ilg/kg 10 Ilq/kg 10 Ilg/kg 
Dieldrin, J,Jg/kg 10 pgjkg 10 E5ILkg 
p,p DDT, Ilg/kg 10 pg/kg 10~kg 

p,p DOD, pg/kg 10 J.l9Jkg 10~kg 

p,p DOE, Ilg/kg 10 Ilg/kg 10 Ilg/kg 
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Table 2.3 (continued)
1993 Vital Signs Monitoring

PHYSICAL/CHEMICAL MEASUREMENTS - SEDIMENT

Detection Sediment
Description, units Limits Quality

(dry weight) Guidelines"

Organochlorine Pesticides and PCB's (continued)

a-Endosulfan, Mg/kg 10 pg/kg 10 pg/kg

B-Endosulfan, Mg/kg 10 pg/kg 10 pg/kg

Endosulfan Sulfate, pg/kg 10 yg/kg 10 Mg/kg

Endrin, pg/kg 10 Mg/kg 10 pg/kg

Endrin Aldehyde, pg/kg 10 pg/kg 10 mg/kg

Heptachlor, yg/kg 10 pg/kg 10 pg/kg

Heptachlor Epoxide, pg/kg 10 pg/kg 10 pg/kg

Methoxychlor, pg/kg 10 pg/kg 10 Mg/kg

PCB-1221, pg/kg 100 Mg/kg 100 Mg/kg

PCB-1232, Mg/kg 100 pg/kg 100 pg/kg

PCB-1242, pg/kg 100 Mg/kg 100 pg/kg

PCB-1248, pg/kg 100 mg/kg 100 pg/kg

PCB-1254, pg/kg 100 pg/kg 100 pg/kg

PCB-1260, pg/kg 100 pg/kg 100 pg/kg

PCB-1016, Mg/kg 100 pg/kg 100 pg/kg

PCBs, Total, pg/kg 100 mg/kg 100 pg/kg

Toxaphene, pg/kg 500 pg/kg 500 pg/kg

Untess otherwise noted, guidelines are suggested TVA Sediment Quality Guidelines.
b EPA Region V Guidelines for Polluted freshwater sediment (EPA, 1977).
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PHYSICAL/CHEMICAL MEASUREMENTS - SEDIMENT 

Detection 
Description, units Limits 

(dry weight) 

organochlorine Pesticides and PCB'S (continued) 

a-Endosulfan, J.l.gjkg 10 /.lq/kq 

B-Endosulfan, J.l.g/kg 10 J.l.gjkg 
Endosulfan Sulfate, J,Jg/kg 10 J.l.g/kg 
Endrin, /.lg/kg 10 J.l.g/kg 

Endrin Aldehyde, J.l.g/kg 10 J.l.g/kg 
Heptachlor,. /.lq/kq 10 /.lq/kq 

Heptachlor Epoxide, J.l.glkg 10 /.lg/kg 
Methoxychlor, /.lq/kg 10 /.lq/kq 

PCB-1221, J.l.g/kg 100 J,Jg/kg 
PCB-1232 J,Jg/kg 100 /.lg/kg 
PCB-1242, /.lg/kg 100 /.lg/kg 
PCB-1248 J,Jg/kg 100 /.lg/kg 

PCB-1254, J.l.g/kg 100 J.l.g/kg 
PCB-1260, /.lg/kg 100 J.l.g/kg 
PCB-10l6, /.lg/kg 100 /.lg/kg 
PCBs, Total, /.lg/kg 100 /.lg/kg 

Toxaphene, J.l.g/kg 500 J.l.g/kg 

• Unless otherwise noted, guidelines are suggested TVA Sediment Quality Guidelines. 
b EPA Region V Guidelines for polluted freshwater sediment (EPA, 1977). 
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Sediment 
Quality 

Guidelines" 

10 /.lq/kg 

10 J.l.g/kg 

10 J.l.g/kg 
10 J.l.g/kg 

10 J.l.g/kg 
10 /.lq/kq 

10 /.lg/kg 

10 J.l.g/kg 

100 /.lg/kg 
100 J,Jg/kg 
100 /.lg/kg 
100 /.lg/kg 

100 J.l.g/kg 

100 J.l.g/kg 
100 /.lg/kg 
100 /.lg/kg 

500 J.l.g/kg 



3.0 ECOLOGICAL HEALTH AND USE SUITABILITY DETERMINATION METHODS

3.1 Vital Signs Monitoring

3.1.1 Introductio

The objective of Vital Signs monitoring is to determine the health or integrity of the

aquatic ecosystem within each reservoir or at each stream sampling location. There are no official or

universally accepted guidelines or criteria upon which to base such an evaluation. Consequently, an

evaluation methodology was developed to assess the overall ecological health or condition of each of

the 30 TVA Vital Signs reservoirs and 12 Vital Signs stream monitoring locations. The ecological

health evaluation system combines both biological and physical/chemical information to examine

reservoir and stream health. Five aquatic ecosystem indicators are used for reservoirs: dissolved

oxygen, chlorophyll-a, sediment quality, benthic macroinvertebrates, and fish community; and four

aquatic ecosystem indicators are used for streams: nutrient concentration, sediment quality, benthic

macroinvertebrates, and fish community.

A critical step in developing an ecological health evaluation is deciding for each indicator

what represents good conditions and what indicates poor conditions. This is more easily done for

evaluation of streams because there usually are essentially unaltered reference sites that can be

examined to define "good" conditions for each indicator, for example the various indices of biotic

integrity for fish and benthic stream communities. Because reservoirs are man-made alterations of

natural streams, there are no "reference reservoirs." An alternative approach to "reference

conditions" is required.

3.1.2 Reservoir Ecological Health

Scoring criteria for the reservoir dissolved oxygen and chlorophyll-a indicators were based

on what could be considered a conceptual model. This simply means that the criteria were developed

subjectively, based on several years experience in evaluating biological systems in reservoirs. This

experience has shown that below a threshold level of chlorophyll, primary production is not sufficient

to support an active, biologically healthy food chain. In addition, chlorophyll concentrations above a

higher threshold levels result in undesirable eutrophic conditions. Minimum and maximum

chlorophyll concentrations were selected based on this experience and professional judgment. The

conceptual model for dissolved oxygen criteria for a reservoir is quite complicated due to the

combined effects of flow regulation and the potential for oxygen depletion in the hypolimnion. The

scoring criteria described below attempt a multidimensional approach that includes considering

dissolved oxygen levels both in the water column and near the bottom of the reservoir.
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For the benthic macroinvertebrate and fish community indicators, scoring criteria are

developed based on statistical examination of two or more years of data from TVA reservoirs. For

these indicators, all previously collected TVA reservoir data for a selected community characteristic

(e.g., number of taxa, total abundance, etc.) were ranked and divided into good, fair, and poor

groupings. (Specific procedures used to determine scoring criteria for each grouping are given in

Section 3.1.2, Benthic Community Rating Scheme and Fish Assemblage Rating Scheme.) Data for

the current year of monitoring (e.g., 1993) are then compared to these criteria and scored

accordingly. This approach is valid if the data base is sufficiently large and if it can be safely

assumed that the data base covers the full spectrum of good to poor conditions.

The sediment quality indicator scoring criteria uses a combination of two characteristics:

sediment toxicity to test organisms; and sediment chemical analyses for ammonia, heavy metals,

pesticides, and PCBs (using published guidelines for many of these analytes).

Dissolved Oxygen (DO) Rating Scheme -Oxygen is vital for life. In situations where

funding is limited and only one indicator of reservoir health could be measured, DO would likely be

the indicator of choice. Hutchinson (1975) states that probably more can be learned about the nature

of a lake from a series of oxygen measurements than from any other kind of chemical data. The

presence, absence, and levels of DO in a lake or reservoir both control and are controlled by many

physical, chemical, and biological processes (e.g., photosynthesis, respiration, oxidation-reduction

reactions, bacterial decomposition, temperature). DO measurements coupled with observations of

water clarity (Secchi depth), temperature, nutrients, and some basic hydrologic and morphometric

information provide meaningful insight into the ecological health of a reservoir.

Ideally, a reservoir has near-saturation concentrations of DO throughout the water column

available to fish, insects, and zooplankton for respiration. This is usually the case during winter and

spring, when most reservoirs are well mixed. However, in summer (characterized by more available

sunlight, warmer water temperatures, and lower flows) both thermal stratification and increased

biological activity may combine to produce a greater biochemical demand for oxygen than is

available, particularly in the deeper portions of the reservoir. As a result, summer levels of DO often

are low in the metalimnion and hypolimnion. Hypolimnetic and metalimnetic oxygen depletion are

common, but undesirable, occurrences in many reservoirs, especially storage impoundments. Not

only do lower concentrations of DO in the water column affect the assimilative capacity of a

reservoir, but if they are low enough and/or sustained long enough, they adversely affect the health

and diversity of the fish and benthic communities. Sustained near-bottom anoxia also promotes the

biochemical release of ammonia, sulfide, and dissolved metals into the interstitial pore and
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common, but undesirable, occurrences in many reservoirs, especially storage impoundments. Not 

only do lower concentrations of DO in the water column affect the assimilative capacity of a 

reservoir, but if they are low enough and lor sustained long enough, they adversely affect the health 

and diversity of the fish and benthic communities. Sustained near-bottom anoxia also promotes the 

biochemical release of ammonia, sulfide, and dissolved metals into the interstitial pore and 
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near-bottom waters. If this phenomenon persists long enough, these chemicals can cause chronic or

acute toxicity to bottom-dwelling animals.

A dissolved oxygen concentration of 2 mg/L was selected as a level below which

undesirable ecological conditions exist. Values below this level primarily cause adverse impacts on

benthic macroinvertebrate organisms and loss of quality habitat for fish. Historic information for

reservoirs in the Tennessee Valley has shown that the burrowing mayfly (Hexagenia sp.) disappears

from the benthic community at DO concentrations of 2 mg/L and below (Masters and McDonough,

1993). Most fish species avoid areas with DO concentrations below 2.0 mg/L (loss of habitat); fish

growth and reproduction is reduced at these levels, and many highly desirable species such as sauger

and walleye simply cannot survive at such low levels of DO.

The ecological health evaluation considers oxygen concentrations in both the water column

(WCDo) and near the bottom of the reservoir (Bo). The DO rating at each sampling location

(ranging from 1 "poor" to 5 "good") is based on monthly summer water column and bottom water

DO concentrations. (Summer is defined as a six-month period when maximum thermal stratification

and maximum hypolimnetic anoxia is expected to occur: April through September for the run-of-the-

river reservoirs and May through October for the tributary reservoirs.) The final DO rating is the

average of the water column DO rating and the bottom DO rating:

DO Rating = 0.5 (WCDO rating + BDo rating), where:

WCOO (Water Column DO) Rating--a six-month average of the percent of the

reservoir cross-sectional area (at the location where the sampling was conducted--see

Figure 3.1) that has a dissolved oxygen (DO) concentration less than 2.0 mg/L.

Average Cross-Sectional Area WCDo Rating for
(DO less than 2 mg/L) Sampling Location

<5% 5 (good);
>5% but <10% 3 (fair);

> 10% 1 (poor).

Because most state DO water quality criteria for fish and aquatic life specify a
minimum of 5.0 mg/L DO at the 1.5 meter (5 foot) depth, the WC". rating
was lowered if the measured DO at the 1.5 meter depth at a sampling location
was below 5.0 mg/L at any time. These adjustments were as follows:

-31-

near-bottom waters. If this phenomenon persists long enough, these chemicals can cause chronic or 

acute toxicity to bottom-dwelIing animals. 

A dissolved oxygen concentration of 2 mg/L was selected as a level below which 

undesirable ecological conditions exist. Values below this level primarily cause adverse impacts on 

benthic macro invertebrate organisms and loss of quality habitat for fish. Historic information for 

reservoirs in the Tennessee Valley has shown that the burrowing mayfly (Hexagenia sp.) disappears 

from the benthic community at DO concentrations of 2 mg/L and below (Masters and McDonough, 

1993). Most fish species avoid areas with DO concentrations below 2.0 mg/L (loss of habitat); fish 

growth and reproduction is reduced at these levels, and many highly desirable species such as sauger 

and walleye simply cannot survive at such low levels of DO. 

The ecological health e,valuation considers oxygen concentrations in both the water column 

(WCoo) and near the bottom of the reservoir (Boo). The DO rating at each sampling location 

(ranging from 1 "poor" to 5 "good") is based on monthly summer water column and bottom water 

DO concentrations. (Summer is defined as a six-month period when maximum thermal stratification 

and maximum hypolimnetic anoxia is expected to occur: April through September for the run-of-the

river reservoirs and May through October for the tributary reservoirs.) The final DO rating is the 

average of the water column DO rating and the bottom DO rating: 

DO Rating = 0.5 (WCoo rating + Boo rating), where: 

WCoo (Waler Column DO) Rating--a six-month average of the percent of the 

reservoir cross-sectional area (at the location where the sampling was conducted--see 

Figure 3.1) that has a dissolved oxygen (DO) concentration less than 2.0 mg/L. 

Average Cross-Sectional Area 
roo less than 2 mg/L) 

<5% 
~5% but~10% 

>10% 

WCoo Rating for 
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Because most state DO water quality criteria for fish and aquatic life specify a 
minimum of 5.0 mg/L DO at the 1.5 meter (5 foot) depth, the WCoo rating 
was lowered if the measured DO at the 1.5 meter depth at a sampling location 
was below 5.0 mg/L at any time. These adjustments were as follows: 
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Minimum DO at Sampling Location
1.5 meter depth WCDo Rating Change

< 5.0 mg/L Decreased one unit (e.g., 5 to 4);
<4.0 mg/L Decreased two units (e.g., 5 to 3);
< 3.0 mg/L Decreased three units (e.g., 5 to 2);

etc. etc.

BDo (Bottom DO) Rating--a six month average of the percent of the reservoir

cross-sectional bottom length (at the location where sampling was conducted,

Figure 3.1) that has a DO concentration less, than 2.0 mg/L, as follows:

Average Cross-Sectional Length Bo Rating for
(DO less than 2 mg/L) Sampling Location

0% 5 (good);
0 to 10% 4
10 to 20% 3 (fair);
20 to 30% 2

> 30% 1 (poor).

The average percent cross-sectional bottom length was computed based on the total
cross-sectional bottom length at average minimum winter pool elevation. In
addition, if anoxic bottom conditions (i.e., 0 mg/L) were observed at a location, the
BDo rating was lowered one unit, with a minimum rating of 1.

Chlorophyll Rating Scheme-Algae are the base of the aquatic food chain. Consequently,

measuring algal biomass or primary productivity is important in evaluating ecological health. Without

algae converting sunlight energy, carbon dioxide, and nutrients into oxygen and new plant material, a

lake or reservoir could not support other aquatic life. Chlorophyll-a is a simple, long-standing, and

well-accepted measurement for estimating algal biomass, algal productivity, and trophic condition of a

lake or reservoir (Carlson, 1977). Too little primary productivity in reservoirs (mean summer

chlorophyll-a concentrations less than 3 ug/L) indicates an inability to sustain a well-fed, growing,

balanced, and healthy aquatic community. This eventually results in low standing stocks of fish. Too

much primary productivity (mean summer concentrations greater than 15 jg/L) often is evidenced by

occasional dense algal blooms, poor water clarity, and the predominance of noxious blue-green algae,

and indicates poor ecological health. The large amounts of algal plant material produced under these

conditions also deplete oxygen concentrations as the algae die and decompose. This can cause or

aggravate problems of low DO in bottom waters.
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1.5 meter depth 
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and indicates poor ecological health. The large amounts of algal plant material produced under these 

conditions also deplete oxygen concentrations as the algae die and decompose. This can cause or 

aggravate problems of low DO in bottom waters. 
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Chlorophyll ratings at each sampling location are based on the average summer

concentration of monthly, photic zone chlorophyll-a samples (corrected) collected from April through

September (or October), as shown below. If triplicate samples are collected at a sampling location,

the median value of the triplicate is used in calculating the summer average and the maximum.

Average Chlorophyll-a Sampling Location
Concentration Chlorophyll Rating

Less than 3 jug/L 3 (fair);**
3 to 10 /ug/L 5 (good);

10.1 to 15 1 g/L 3 (fair);
Greater than 15 ;Lg/L I (poor).

* If any single chlorophytt-a sample exceeds 30 Ag/L, the value is not included in
calculating the average, but the rating is decreased one unit, (i.e., 5 to 4, or 4 to 3,
etc.) for each sanipLe that exceeded 30 Xg/L.

** if nutrients are present (e.g., nitrate+nitrite greater than 0.05 mg/L and total
phosphorus greater than 0.01 mg/L) but chlorophylL-a concentrations are generally Low
(e.g., < 2 sg/L), another/other Limiting or inhibiting factors such as toxicity is
likely. When these conditions exist, chlorophyll is rated 2 (poor).

Sediment Quality Rating Scheme-Contaminated bottom sediments can have direct adverse

impacts on bottom fauna and can often be long-term sources of toxic substances to the aquatic

environment. They may impact wildlife and humans through the consumption of contaminated food

or water or through direct contact. These impacts may occur even though the water above the

sediments meets water quality criteria. There are many sediment assessment methods, but there is no

single method that measures all contaminated sediment impacts at all times and to all biological

organisms (EPA, 1992). TVA's approach combines two sediment assessment methods--one

biological, the other chemical--to evaluate sediment quality. TVA's scoring criterion is based on

ratings for the toxicity of sediment pore water (STox) to test organisms, and the chemical analysis of

sediment (Sc~m) for heavy metals, PCBs, organochlorine pesticides, and un-ionized ammonia

(Table 2.3). The final sediment quality score or rating is the average of these two ratings:

Sediment Quality Rating = 0.5 (Srox rating + SCHM rating), where:

Srox (Sediment Toxicity) Rating--Sediment toxicity is evaluated using both

Rotox® (rotifer Brachionus calycifloru survival) and daphnid (Ceriodaphnia dubjia)

acute tests. The acute toxicity evaluations entail the exposure of these organisms

(zooplankton) to interstitial pore water from sediment. The survival rates of the

organisms are based on the average survival in four replicates of five individuals
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each, compared to a control. If average survival is significantly reduced (95

percent probability) from the control, the sample is considered to be toxic.

Sampling locations are rated as follows:

Sampling Location Percent Survival of
STOx Rating, Ceriodaphnia and/or Branchionus

5 (good) Survival not significantly different than
control and greater than or equal to 80
percent for both species, (i.e., no
significant toxicity);

3 (fair) Survival not significantly different from
control, but less than 80 percent survival
for either species; or

1 (poor) Survival of either organism significantly
less than control, (i.e., significant toxicity).

S," (Sediment Chemistry) Rating-Splits of the same sediment used in the

sediment toxicity testing are analyzed for heavy metals, organochlorine pesticides

and PCBs, and un-ionized ammonia. Sediment chemistry ratings are based on:

(a) concentrations of heavy metals (Cd, Cr, Cu, Pb, Hg, Ni, and Zn) that exceed

freshwater sediment guidelines (EPA, 1977); (b) detectable amounts of PCBs or

pesticides; and (c) concentrations of un-ionized ammonia in pore water above

200 Ag NH3IL. Each sampling location is rated as follows:

Sampling Location
ScHM Rating Sediment Chemistry*
5 (good) No analytes exceed guidelines;
3 (fair) One or two analytes exceed guidelines;
1 (poor) Three or more exceed guidelines.

* AnaLytes (i.e., heavy metals, pesticides, PCBs and ammonia) and guidelines are
listed in Table 2.3.

Benthic Community Rating Scheme--Six community characteristics (or metrics), with

scoring criteria specific to either run-of-the-river or storage reservoirs, are used to evaluate the

ecological health of the benthic macroinvertebrate community (Table 3. 1). These characteristics are:

1. Taxa Richness-The number of different taxa present. An increase in total
taxa or taxa richness is used to indicate better conditions than low taxa
richness.
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Percent Survival of 
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Survival not Significantly different than 
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less than control, (Le., significant toxicity). 
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sediment toxicity testing are analyzed for heavy metals, organochlorine pesticides 
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(a) concentrations of heavy metals (Cd, Cr. Cu, Pb, Hg, Ni, and Zn) that exceed 

freshwater sediment guidelines (EPA, 1977); (b) detectable amounts of PCBs or 

pesticides; and (c) concentrations of un-ionized ammonia in pore water above 
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Benthic COmmunity Ratin~ Scheme--Six community characteristics (or metrics), with 

scoring criteria specific to either run-of-the-river or storage reservoirs, are used to evaluate the 

ecological health of the benthic macro invertebrate community (Table 3.1). These characteristics are: 

1. Taxa Richness-The number of different taxa present. An increase in total 
taxa or taxa richness is used to indicate better conditions than low taxa 
richness. 
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2. Longed-Lived species-The number of taxa (Corbicula. Hexagenia, mussels,
and snails) present. These organisms are long-lived and their presence indicate
conditions which allow long-term survival.

3. EPT-The number of different taxa within these orders (Ephemeroptera-
mayflies, Plecoptera-stoneflies, and Tricoptera-caddisflies). Higher numbers
of this metric indicate good water quality conditions in streams. A similar use
is incorporated here despite expected lower numbers in reservoirs than in
streams.

4. Proportion as Chironomidae--The percent of the total organisms in the
sample that are chironomids. A higher proportion indicates poor conditions.

5. Proportion as Tubificidae--The percent of the total organisms present that are
tubificids. A higher proportion indicates poor quality.

6. Proportion as Dominant Taxa--The percent of total organisms present that
are members of the dominant taxon. This metric is used as an evenness
indicator. A large proportion comprised by one or two taxa indicates poor
conditions.

Specific scoring criteria were developed for each of the six metrics for both run-of-the-

river reservoirs and tributary reservoirs. And given the substantial habitat differences among

forebays, transition zones/mid-reservoirs, and inflows, specific scoring criteria were also developed

for each of these areas (Table 3.1). Data handling also differed among the metrics. Metric 1, taxa

richness, is the average total number of taxa per sample at each site. Metrics 2 and 3 are handled

similarly. For Metric 4 the proportion of chironomids in each sample is calculated, then these

proportions are averaged for a location. An alternative that was considered was to sum the number of

chironomids in all samples and divide by the sum of the total individuals for all samples. The

approach selected gives equal weight to all samples regardless of sample size or sampling gear (Ponar

or Peterson dredge). This eliminates the bias introduced in the alternate approach when one sample at

a site has an exceptionally large or small density. Metric 5 is calculated in the same way. Metric 6,

proportion as dominant taxa, is calculated as proportion for each sample, similar to computations for

Metrics 4 and 5. The proportion is calculated for the dominant taxon in each sample even if the

dominant taxon differed among the samples at a site. This allows more discretion to identify

imbalances at a site than developing an average for a single dominant taxon for all samples at the site.

A quantitative approach is used to evaluate the benthic macroinvertebrate community

information. The range of values for each of the six metrics found in the available data base (in this

case, all the 1991, 1992, and 1993 Vital Signs benthic monitoring data) serves as the basis for

-35-

2. Longed-Lived species-The number of taxa (Corbicula. Hexagenia, mussels, 
and snails) present. These organisms are long-lived and their presence indicate 
conditions which allow long-term survival. 

3. EPT-The number of different taxa within these orders (Ephemeroptera
mayflies, Plecoptera-stoneflies, and Tricoptera-caddisflies). Higber numbers 
of this metric indicate good water quality conditions in streams. A similar use 
is incorporated here despite expected lower numbers in reservoirs than in 
streams. 

4. Proportion as Chironomidae--The percent of the total organisms in the 
sample that are chironomids. A higher proportion indicates poor conditions. 

5. Proportion as Tubificidae--The percent of the total organisms present that are 
tubificids. A higher proportion indicates poor quality. 

6. Proportion as Dominant Taxa--The percent of total organisms present that 
are members of the dominant taxon. This metric is used as an evenness 
indicator. A large proportion comprised by one or two taxa indicates poor 
conditions. 

Specific scoring criteria were developed for each of the six metrics for both run-of-the

river reservoirs and tributary reservoirs. And given the substantial habitat differences among 

forebays, transition zones/mid-reservoirs, and inflows, specific scoring criteria were also developed 

for each of these areas (Table 3.1). Data handling also differed among the metrics. Metric 1, taxa 

richness, is the average total number of taxa per sample at each site. Metrics 2 and j are handled 

similarly. For Metric 4 the proportion of chironomids in each sample is calculated, then these 

proportions are averaged for a location. An alternative that was considered was to sum the number of 

chironomids in all samples and divide by the sum of the total individuals for all samples. The 

approach selected gives equal weight to all samples regardless of sample size or sampling gear (ponar 

or Peterson dredge). This eliminates the bias introduced in the alternate approach when one sample at 

a site has an exceptionally large or small density. Metric 5 is calculated in the same way. Metric 6, 

proportion as dominant taxa, is calculated as proportion for each sample, similar to computations for 

Metrics 4 and 5. The proportion is calculated for the dominant taxon in each sample even if the 

dominant taxon differed among the samples at a site. This allows more discretion to identify 

imbalances at a site than developing an average for a single dominant taxon for all samples at the site. 

A quantitative approach is used to evaluate the benthic macro invertebrate community 

information. The range of values for each of the six metrics found in the available data base (in this 

case, all the 1991, 1992, and 1993 Vital Signs benthic monitoring data) serves as the basis for 

-35-



evaluation criteria. For each metric at each of the three reservoir sampling zones (forebay, transition

zone/mid-reservoir, and inflow) and two reservoir types (run-of-the-river and tributary) the data base

values are divided into three groups using Ward's minimum variance analysis (SAS, 1989). This

procedure places observations into three homogenous groups of approximate equal size. The groups

are sorted and categorized as poor, fair, or good. Scoring criteria represent values between the

highest and the lowest value in each group (Table 3.1). Results for each metric for the current year

are then compared with these criteria and assigned quantitative values of 1 (poor), 3 (fair), or 5

(good) if they fall within the bottom-, middle-, or top-group, respectively. This results in a minimum

score of 6 if all metrics at a site are poor, and a maximum score of 30 if all metrics are good.

Detailed scoring criteria for each metric are provided in Table 3.1.

Metrics are summed for each reservoir sampling site to yield a final benthic score and are

evaluated as follows:

Sum of Benthic
Community Metric Sampling Location

Scores Benthic Rating

6-10 1 (poor)
11-15 2
16-20 3 (fair)
21-25 4
26-30 5 (good)

Fish Assemblage Rating Scheme--In 1993, a Reservoir Fish Assemblage Index (RFAI)

(Hickman et.al, 1994) was used to rate fish assemblages as they relate to the overall ecological health

of the reservoir. The RFAI is based on 12 metrics with scoring criteria specific to either

run-of-the-river or storage reservoirs. Scoring criteria also are specific for the type of sample

location within reservoirs-forebay, transition zone/mid-reservoir, or inflow; and for the type of

sampling gear used (i.e., electrofishing for littoral fish communities and gill netting for pelagic fish

communities). The metrics address the following 12 reservoir fish assemblage characteristics. Table

3.2 lists the trophic, reproductive, and tolerance designations of fish species collected as part of Vital

Signs Reservoir Monitoring activities.

Species Richness and Composition

1. Total number of species-Greater numbers of species are considered
representative of healthier aquatic ecosystems. As conditions degrade, numbers
of species at a site decline.
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zone/mid-reservoir, and inflow) and two reservoir types (run-of-the-river and tributary) the data base 

values are divided into three groups using Ward's minimum variance analysis (SAS, 1989). This 

procedure places observations into three homogenous groups of approximate equal size. The groups 

are sorted and categorized as poor, fair, or good. Scoring criteria represent values between the 

highest and the lowest value in each group (Table 3.1). Results for each metric for the current year 

are then compared with these criteria and assigned quantitative values of 1 (poor), 3 (fair), or 5 
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score of 6 if all metrics at a site are poor, and a maximum score of 30 if all metrics are good. 

Detailed scoring criteria for each metric are provided in Table 3.1. 
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6-10 
11-15 
16-20 
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Sampling Location 
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1 (poor) 
2 
3 (fair) 
4 
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Fish Assemblage Rating Scheme--In 1993, a Reservoir Fish Assemblage Index (RFAI) 

(Hickman et.aI, 1994) was used to rate fish assemblages as they relate to the overall ecological health 

of the reservoir. The RFAI is based on 12 metrics with scoring criteria specific to either 

run-of-the-river or storage reservoirs. Scoring criteria also are specific for the type of sample 

location within reservoirs-forebay, transition zone/mid-reservoir, or inflow; and for the type of 

sampling gear used (Le., electrofishing for littoral fish communities and gill netting for pelagic fish 

communities). The metrics address the following 12 reservoir fish assemblage characteristics. Table 

3.2 lists the trophic, reproductive, and tolerance designations of fish species collected as part of Vital 

Signs Reservoir Monitoring activities. 

Species Richness and Composition 

1. Total number or species-Greater numbers of species are considered 
representative of healthier aquatic ecosystems. As conditions degrade, numbers 
of species at a site decline. 
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2. Number of piscivore species--Higher diversity of piscivores is indicative of
better quality environment.

3. Number of sunfish species--Lepomid sunfish (excludes black basses, crappies,
and rock bass) are basically insectivores, and high diversity of this group is
indicative of reduced siltation and high sediment quality in littoral areas.

4. Number of sucker species--Suckers are also insectivores but inhabit the pelagic
and more riverine sections of reservoirs. This metric closely parallels the
lithophilic spawning species metric (Metric 10) and may be deleted from future
RFAI calculations.

5. Number of intolerant species-This group is made up of species that are
particularly intolerant of habitat degradation. Higher densities of intolerant
individuals represent better environmental quality.

6. Percentage of tolerant individuals (excluding Young-of-Year)--This metric
signifies poorer quality with increasing proportions of individuals tolerant of
degraded conditions:

7. Percent dominance by one species--Ecological quality is considered reduced if

one species dominates the resident fish community.

Trophic Composition

8. Percentage of individuals as omnivores-Omnivores are less sensitive to
environmental stresses due to their ability to vary their diets. As trophic links
are disrupted due to degraded conditions, specialist species such as insectivores
decline while opportunistic omnivorous species increase in relative abundance.

9. Percentage of individuals as insectivores--Due to the special dietary
requirements of this group of species and the limitations of their food source in
degraded environments, proportion of insectivores increases with environmental
quality.

Reproductive Composition

10. Number of lithophilic spawning species--Lithophilic broadcast spawners are
selected due to their sensitivity to siltation. Numbers of lithophilic spawning
species increase in reservoirs providing suitable conditions reflective of good
environmental quality.

Abundance and Fish Health

11. Total catch per unit effort (number of individuals)-This metric is based upon
the assumption that high quality fish assemblages support large numbers of
individuals.
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2. Number or pisclvore specles--Higher diversity of piscivores is indicative of 
better quality environment. 

3. Number or sunfish specles--Lepomid sunfish (excludes black basses, crappies, 
and rock bass) are basically insectivores, and high diversity of this group is 
indicative of reduced siltation and high sediment quality in littoral areas. 

4. Number or sucker specles--Suckers are also insectivores but inhabit the pelagic 
and more riverine sections of reservoirs. This metric closely parallels the 
Iithophilic spawning species metric (Metric 10) and may be deleted from future 
RFAI calculations. 

5. Number of intolerant species-This group is made up of species that are 
particularly intolerant of habitat degradation. Higher densities of intolerant 
individuals represent better environmental qual ity. 

6. Percentage of tolerant individuals (excluding Young-of-Year)--This metric 
signifies poorer quality with increasing proportions of individuals tolerant of 
degraded conditions; 

7. Percent dominance by one species--Ecological quality is considered reduced if 
one species dominates the resident fish community. 

Trophic Composition 

8. Percentage or individuals as omnivores-Omnivores are less sensitive to 
environmental stresses due to their ability to vary their diets. As trophic links 
are disrupted due to degraded conditions, specialist species such as insectivores 
decline while opportunistic omnivorous species increase in relative abundance. 

9. Percentage or individuals as insectivores--Du~ to the special dietary 
requirements of this group of species and the limitations of their food source in 
degraded environments, proportion of insectivores increases with environmental 
quality. 

Reproductive Composition 

10. Number of Iithophilic spawning species--Lithophilic broadcast spawners are 
selected due to their sensitivity to siltation. Numbers of lithophilic spawning 
species increase in reservoirs providing suitable conditions reflective of good 
environmental qual ity. . 

Abundance and Fish Health 

11. Total catch per unit errort (number of individuals)-This metric is based upon 
the assumption that high quality fish assemblages support large numbers of 
individuals. 
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12. Percent individuals with anomalies--Incidence of diseases, lesions, tumors,
external parasites, deformities, blindness, and natural hybridization are noted for
all fish measured, with higher incidence indicating poor environmental
conditions.

Each metric is assigned a score of 5, 3, or I - representing "good," "fair," or "poor,"

conditions, respectively. Due to the distinct habitat differences among reservoirs and sampling

locations-and the differences in fish assemblages they support--different scoring criteria are used for

each of the 12 metrics for: (a) each reservoir type (i.e., run-of-the-river and tributary storage

reservoirs); (b) each sampling location (forebay, transition/mid-reservoir, and inflow); and (c) each

type of sampling gear used to collect the fish data (electrofishing and gill netting). Scoring criteria by

reservoir type, by sampling location, and by sampling gear type are listed for each of the 12 fish

community metrics in Table 3.3. There is not yet enough information for inflow sampling locations

on tributary reservoirs to establish criteria for the fish community metrics at these particular sites.

The average of the sum of the electrofishing scores and the sum of the gill netting scores

results in the Reservoir Fish Assemblage Index (RFAI) for each sampling location. The range of

"attainable" RFAI values could be from 12 (if all metrics scored 1) to 60 (if all metrics scored 5).

This range of RFAI values, from 12 to 60, is divided into five equal groupings to evaluate the overall

health of the fish assemblage at each sampling location, as follows:

RFAI Sampling Location
Score Rating

12-21 1 (poor)
21-31 2
32-41 3 (fair)
42-51 4
52-60 5 (good)

A discussion of the development of the RFAI and results of the fish evaluations for the

1991-1993 Vital Signs Monitoring data are available in TVA technical reports (Scott, et. al, 1992;

Brown, et. al, 1993; and Hickman et. al, 1994).

Overall Reservoir Health Determination-The overall ecological evaluation methodology

combines the five previously discussed aquatic ecosystem indicators (DO, chlorophyll, sediment

quality, benthic macroinvertebrates, and fish assemblage) into a single numeric value. This facilitates

spatial comparisons among reservoirs and temporal comparisons for a reservoir through time.
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The first step in determining an overall reservoir health score is to sum the ratings for all

indicators (ranging from 1-poor to 5-excellent) at a sample site. The number of indicators monitored

at each site varies. Generally, all five indicators are included; however, this is not always the case.

For example, chlorophyll and sediment quality are not monitored at the inflows on run-of-the-river

reservoirs because inzitu plankton production of chlorophyll does not occur significantly in that part

of a reservoir and because sediments do not accumulate there. The number of sites per reservoir also

varies from one (the forebay) in small tributary reservoirs to four (forebay, transition zone, inflow,

and embayment) in selected run-of-the-river reservoirs. As a result, the number of ratings vary from

five to 18 for the 30 reservoirs monitored in 1993. Specific information on what indicators were

sampled in each reservoir is in Table 2.1.

To arrive at an overall health evaluation for a reservoir, the sum of the ratings from all

sites are totaled, divided by the maximum potential ratings for that reservoir, and expressed as a

percentage. For example, a small reservoir with only one sample site, the minimum health evaluation

would be 20 percent (all five indicators rated poor-i for a total score of 5 divided by the maximum

possible total of 25) and the maximum would be 100 percent (all five indicators rated good-5). This

same range of 20 to 100 percent applies to all reservoirs regardless of the number of sample sites,

and the same calculation process is used.

The next step is to divide the 20-100 percent scoring range into categories representing

good, fair, and poor ecological health conditions. This has been achieved as follows:

I. Results are plotted and examined for apparent groupings.

2. Groupings are compared to known, a prior conditions (focusing on reservoirs
with known poor conditions), and good-fair and fair-poor boundaries were
established subjectively.

3. The groupings are compared to a trisection of the overall scoring range. A
scoring range is adjusted up or down a few percentage points to ensure a
reservoir with known conditions falls within the appropriate category. This is
done only in circumstances where a nominal adjustment is necessary.

Based on these considerations, during the first two years of development (1991-1992),

scoring ranges were as follows:
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Fair w

Run-of-the-river reservoirs <52% >52-72% >72%
Tributary, storage reservoirs <56% > 56-72 % >72%

The difference in the poor scoring range between the two types of reservoirs is due to the

fact that two storage reservoirs with known poor conditions rated slightly higher than the boundary

for the lower (poor) grouping on the run-of-the-river reservoirs. Hence, the high end of the lower

scoring range for storage reservoirs was shifted upward from 52 to 56 percent to accommodate these

reservoirs with known poor conditions.

Based on the experience gained in developing this evaluation process, review of the

evaluation scheme by other state and federal professionals, and results of another year of monitoring,

slight modifications were made in the original evaluation process and the numerical scoring criteria

for each of the five ecological health indicators. In 1993, run-of-the-river reservoirs with overall

scores greater than 72 percent were evaluated as "good"; those between 52 percent and 72 percent

were rated "fair"; and those whose overall scores were less than 52 percent were rated "poor."

Similarly, in 1993, tributary storage reservoirs were evaluated as "good" if their overall reservoir

percentage was greater than or equal to 72 percent; "fair" if its overall reservoir percentage was

between 57 percent and 72 percent; and "poor" if its overall reservoir percentage was less than 57

percent. The 1993 scoring ranges were:

Poor Fai~r ood

Run-of-the-river reservoirs <52% 52-72% >72%
Tributary, storage reservoirs <57% 57-72% >72 %

Two examples that illustrate the overall reservoir health evaluation methodology are

presented in Tables 3.6 and 3.7. Wilson Reservoir (Table 3.6) has five aquatic health indicators at

one location and three indicators at another location. Cherokee Reservoir (Table 3.7) has five aquatic

health indicators at one location and four indicators at another location.

3.1.3 Stream Ecological Health

An evaluation methodology similar to the Reservoir Ecological Health Evaluation

(Section 3.1.2) is used to assess the overall ecological health at each of the 12 stream monitoring

locations. Particular emphasis is given to the relationship between the conditions found at the stream

sampling site and the potential for impacts on conditions in the downstream reservoir. The following
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overview summarizes TVA's stream ecological health evaluation methodology. The evaluations are

based on four aquatic health indicators: (1) total phosphorus (as a measure of nutrient enrichment and

potential for excessive algal productivity); (2) sediment quality; (3) benthic community; and (4) fish

community.

At each stream sampling location the four aquatic health indicators are rated as "good,"

"fair," or "poor." Equal weights are given to each indicator, and each rating is assigned a numeric

value of 1, 3, or 5 corresponding to "poor," "fair," or "good." The four scores are summed to

produce an overall stream health evaluation at the sampling location ranging from 4 to 20. A stream

sampling location with an overall rating of 9 or less (<45 percent) was rated "poor"; 10 to 15 (50

percent to 75 percent) "fair"; and 16 to 20 (80 percent to 100 percent) "good."

Nutrient Concentration Rating Scheme--Phosphorus is an essential nutrient required by

aquatic plants for photosynthesis and growth. In freshwater ecosystems phosphorus is most often the

nutrient least available to plants relative to their needs, and thus can limit algal productivity. When

present in excess of critical concentrations, in combination with sufficient nitrogen phosphates, it can

stimulate algae and other aquatic plant growth, sometimes to an undesirable level that interferes with

water uses. To prevent the development of biological nuisances and to control accelerated phosphorus

loading for the protection of downstream receiving waterways, EPA recommends a guideline for

maximum total phosphorus concentration of 0.10 mgfL for streams or flowing waters and 0.05 mg/L

at the point where any stream enters a lake or reservoir (EPA, 1986). These guidelines are used as

the basis to evaluate total phosphorus concentrations in Tennessee Valley streams (average of 6

samples per year):

Average Total Phosphorus Sampling Location
Concentration* Nutrient Enrichment Ratin2

Less than 0.05 mg/L 5 (good);
0.05 to 0.10 mg/L 3 (fair);

Greater than 0.10 mg/L 1 (poor).

* In addition, waters that receive high nitrogen concentrations in the presence of
sufficient phosphorus often stimulate the growth of algae and other aquatic plants to an
undesirable extent. High average (relative to the majority of Valley streams)
nitrate+nitrite nitrogen concentrations greater than 0.65 mg/L resulted in lowering a
rating from "good" to "fair" or from "fair" to "poor," as appropriate.

Sediment Quality Rating Scheme--The stream sediment quality evaluation methodology is

the same as for reservoir sediment quality. The scoring criterion is based on ratings for the acute
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toxicity of sediment pore water (STox) to both Rotox® (rotifer, Brachionus calyciflorus survival) and

daphnid (Ceriodaphnia dubia), and the chemical analysis of sediment (ScM) for heavy metals, PCBs,

organochlorine pesticides, and un-ionized ammonia. The final sediment quality score or rating is the

average of these two ratings. (Details are given in Section 2.1.2, Reservoir Sediment Quality Rating

Scheme.)

Sediment Quality Rating = 0.5 (STox rating + Sclim rating).

Benthic Community Rating Scheme--A modified version of the benthic index of biotic

integrity (BIBI) (Kerans et. al, 1992) is used to rate the condition of the benthic community. Twelve

benthic community attributes such as total taxa richness and richness of specific taxa, relative

abundance of functional and trophic groups and certain tolerant organisms, and total abundance are

used. Each of the 12 metrics is scored based on best expected conditions at reference sites supporting

healthy benthic communities and good water quality. At each site three Surber (riffle), three Hess

(pool), and one qualitative sample were taken. EPT, intolerant snail and mussel species metrics were

computed pooling all qualitative and quantitative samples. Total abundance was computed pooling all

quantitative samples. The remaining metrics were computed separately for each quantitative sample

at a site.

Taxa Richness and Community Composition

1. Taxa richness

2. Occurrence of intolerant snail and mussel species*

3. Number of mayfly (Ephemeroptera) taxa

4. Number of stonefly (Plecoptera) taxa

5. Number of caddisfly (Trichoptera) taxa

6. Total number of EPT taxa*

7. Percentage as oligochaetes

8. Percentage in the two most dominant taxa

Trophic and Functional-Feeding Group

9. Percent as omnivores and scavengers

10. Percent as collector-filterers

11. Percent as predators

Abundance

12. Total abundance of individuals (combined quantitative samples, lower score given

for extremely low values or extremely high values)
* Metric applied to qualitative and quantitative samples combined. All other metrics applied to individual

quantitative samples and resultant scores averaged.
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Values obtained for each of these metrics are scored (1-poor, 3-fair, or 5-good) against

best expected value based on data from reference sites supporting healthy fish communities and

having good water quality (Table 3.4). Metric scores are then summed to produce an index ranging

from 12 to 60. The resultant benthic community index for each stream location is classified as
"poor" (<30), "fair" (34-44), or "good" (>45). If the index score falls between 30-33, professional

judgment is used to categorize the benthic community as either poor or fair.

Fish Community-A modified version of Karr's (1981) index of biotic integrity (IBI) is

used to assess the condition of the resident fish community at 11 of the 12 stream monitoring

locations. (Fish community sampling was not conducted on the Elk River in 1993.) An index and

rating are produced for each site by applying the following 12 metrics.

Species richness and composition

1. Number of native species

2. Number of darter species

3. Number of native sunfish species (excluding Micropterus sp.)

4. Number of sucker species

5. Number of intolerant species

6. Percentage of individuals as tolerant species

Trophic structure

7. Percentage of individuals as omnivores

8. Percentage of individuals as specialized insectivorous minnows and darters

9. Percentage of individuals as piscivores

Fish abundance and condition

10. Catch rate (average number per unit of sampling effort, seine hauls and shocking

runs)

11. Percentage of individuals as hybrids

12. Percentage of individuals with poor condition, injury, deformity, disease, or other

anomaly

Actual values obtained for each of these metrics are scored (1-poor, 3-fair, or 5-good)

against values expected under pristine conditions (i.e., best expected value, Table 3.5). The 12

metric scores are then summed to produce an index ranging from 12 to 60, and the fish community at

the stream sampling location is rated as "poor" (index < 36), "fair" (index 40-44), or "good" (index

> 46). Professional judgment is involved when a fish community index falls between ratings. For

example, an index of 38 falls between "poor" and "fair" and would be either "poor" or "fair"
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depending on the judgment of the biologist taking the sample. Judgment usually is influenced by

which of the 12 metrics rates poorest, condition of the coexisting macroinvertebrate community, or

previous IBI ratings obtained for the site.

3.2 Use Suitability_

3.2.1 Bacteriological Quality Evaluation

Each of the seven Valley states follows the EPA guideline of using a geometric mean fecal

coliform concentration of 200 colonies per 100 milliliters (200/100 mL) of water to determine use

suitability for whole body water contact recreation (EPA, 1991). Six of the states use an additional

fecal coliform criterion to determine if a site is unsuitable for water contact recreation; either a

percentage of samples exceeds 400/100 mL, or a maximum concentration of 1000/100 mL for any

one sample.

TVA reports on the bacteriological condition of stream and reservoirs throughout the

Valley in its publication RiverPulse using the following three categories:

Posted by the State:

+ The state has issued a public advisory against water contact and has posted
signs near the body of water with the advisory.

+ Each area presently posted exceeds the geometric mean criterion due to a
known human source of contamination.

Exceeds Criterion:

+ The geometric mean of a minimum of ten fecal coliform bacteria samples
collected by TVA over a period of not more than 30 days from May through
September exceeds 200/100 mL.

+ Each site identified is believed to exceed criterion due to animal waste.

Meets Criterion:

+ The geometric mean of a minimum of ten fecal coliform bacteria samples
collected by TVA over a period of not more than 30 days from May through
September is less than 200/100 mL.

TVA recommends no water contact recreation for at least two days following rain events at

locations which only partially support water contact because of the bacteria which are washed into the
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percentage of samples exceeds 400/100 mL, or a maximum concentration of 1000/100 mL for any 

one sample. 

TV A reports on the bacteriological condition of stream and reservoirs throughout the 

Valley in its publication RiverPulse using the following three categories: 

Posted by the State: 

+ The state has issued a public advisory against water contact and has posted 
signs near the body of water with the advisory. 

+ Each area presently posted exceeds the geometric mean criterion due to a 
known human source of contamination. 

Exceeds Criterion: 

+ The geometric mean of a minimum of ten fecal coliform bacteria samples 
collected by TV A over a period of not more than 30 days from May through 
September exceeds 200/100 mL. 

+ Each site identified is believed to exceed criterion due to animal waste. 

Meets Criterion: 

+ The geometric mean of a minimum of ten fecal coliform bacteria samples 
collected by TV A over a period of not more than 30 days froni May through 
September is less than 200/100 mL. 

TV A recommends no water contact recreation for at least two days following rain events at 

locations which only partially support water contact because of the bacteria which are washed into the 
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water. In addition, TVA recommends no water contact recreation in the immediate vicinity of

wastewater discharges regardless of what fecal bacteria data show, because of the possibility of

mechanical breakdowns and sewage bypasses or overflows.

3.2.2 Fish Tissue Consumption Advisories

TVA and state agencies coordinate with one another in conducting fish tissue studies in the

Tennessee Valley. There is a shared interest in the status of TVA reservoirs as important and

valuable resources. As the government organizations responsible for regulatory and public health

decisions related to lakes and streams, state agencies are interested in knowing both the ecological

health of Valley reservoirs and whether the fish are safe to eat.

Prior to initiating sample collections each autumn, TVA and involved Valley state agencies

meet to discuss the previous year's results and decide appropriate direction for further study. The

group reaches agreement on species to collect, locations to sample, and the agencies responsible for

conducting each part of the work. TVA provides its results to the appropriate states, then the states

take action to protect public health. This usually involves deciding whether to issue an advisory

against consuming selected species or age classes of fish. TVA's role in this process is to provide

accurate results, to provide consultation to the state(s) as appropriate, and support the state's

decisions.
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Figure 3.1

Cross-section of Tellico Reservoir Forebay Showing Areas where Summer DO Concentrations
averaged less than or equal to 2 mg/l.
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Table 3.1
1993 Vital Signs Monitoring

Reservoir Benthic Macroinvertebrate Community metrics and scoring criteria developed for Tennessee Valley
Reservoirs, with a score of 5 representing highest quality, and a score of I the poorest.

Run-of-the-River Reservoirs

Benthic Community Forebay Transition InflowMetrics ....

Taxa Richness > 6.1 4.6-6.1 < 4.6 >7.6 6.5-7.6 < 6.5 > 8.0 5.2-8.0 <5.2

Long Lived Species > 1.2 0.35-1.2 <0.35 >2.4 1.3-2.4 < 1.3 > 1.9 1.3-1.9 < 1.3

EPT (mayfly, stonefly, caddisfly) >0.95 0.5-0.95 <0.5 >0.95 0.6-0.95 <0.6 > 1.4 0.6-1.4 <0.6

% Chironomidae <30 30-45 >45 <25 25-40 >40 <10 10-30 >30

% Tubificidae <25 25-50 >50 <20 20-40 >40 <11 11-25 >25

% Dominant Taxa <75 75-90 >90 <65 65-70 >70 <70 70-80 >80

Tributary Reservoirs

Benthic Community Forebay Mid-Res/Inflow
Metrics

Taxa Richness > 4.3 2.3-4.3 < 2.3 - - - > 6.2 3.4-6.2 < 3.4

Long Lived Species >1.0 0.15-1.0 <0.15 -.. >0.45 0.15-0.45 <0.15

EPT (mayfly, stonefly, caddisfly) >0.35 0.15-0.35 <0.15 .. .. >0.3 0.09-0.3 <0.09

% Chironomidae <30 30-50 >50 . .. .. <25 25-70 >70

% Tubificidae <30 30-60 >60 .. .. . <45 45-75 >75

FT Dominant Taxa <78 78-91 >91 . .. . <70 70-80 >80
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Table 3.1 
1993 Vital signs Monitoring 

Reservoir Benthic Macroinvertebrate Community metrics and scoring criteria developed for Tennessee Valley 
Reservoirs, with a score of 5 representing highest quality, and a score of 1 the poorest. 

Run-()f-the-River Reservoirs 

Benthic Community Forebay Transition Inflow 
Metrics 

5 3 1 5 3 1 5 3 1 

Taxa Richness >6.1 4.6-6.1 <4.6 >7.6 6.5-7.6 <6.5 >8.0 5.2-8.0 <5.2 

Long Lived Species > 1.2 0.35-1.2 <:0.35 >2.4 1.3-2.4 < 1.3 >1.9 1.3-1.9 < 1.3 

EPT (mayfly, stonefly, caddisfly) >0.95 0.5-0.95 <0.5 >0.95 0.6-0.95 <0.6 >1.4 0.6-1.4 <0.6 

% Chironomidae <30 30-45 >45 <25 25-40 >40 <10 10-30 >30 

% Tubificidae <25 25-50 >50 <20 20-40 >40 <11 11-25 >25 

% Dominant Taxa <75 75-90 >90 <65 65-70 >70 <70 70-80 >80 

Tributary Reservoirs 

Benthic Community Forebay Mid-Res/Inflow 
Metrics 

5 3 1 5 3 1 

Taxa Richness >4.3 2.3-4.3 <2.3 - - - >6.2 3.4-6.2 <3.4 

Long Lived Species >1.0 0.15-1.0 <0.15 - -- - >0.45 0.15-0.45 <0.15 

EPT (mayfly, stonefly, caddisfly) >0.35 0.15-0.35 <0.15 -- - - >0.3 0.09-0.3 <0.09 

% Chironomidae <30 30-50 >50 - -- -- <25 25-70 >70 

% Tubificidae <30 30-60 >60 -- -- - <45 45-75 >75 

% Dominant Taxa <78 78-91 >91 - -- - <70 70-80 >80 
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Table 3.2
1993 Vital Signs Monitoring

Core fish species list with trophic tolerance, and reproductive designations (*)
for use in Reservoir Fish Assemblage Index (RFAI) for TVA reservoirs, 1993.

Trophic Lithophilic
Species Guild Tolerance Spawner

Chestnut lamprey PS L

Spotted gar PI

Longnose gar PI TOL

Shortnose gar PI TOL

Bowfin PI

American eel PI

Skipjack herring PI INT

Gizzard shad OM TOL

Threadfin shad PL

Mooneye IN L

Chain pickerel PI

Central stoneroller HB

Common carp OM TOL

Goldfish OM TOL

Silver chub IN INT

Golden shiner OM TOL

Emerald shiner IN

Ghost shiner IN

Spotfin shiner IN

Mimic shiner IN INT

Steelcolor shiner IN

Pugnose minnow IN

Bluntnose minnow OM

Fathead minnow OM

Bullhead minnow IN

River carpsucker OM

Quillback OM

Northern hog sucker IN INT L

Smallmouth buffalo OM

Bigmouth buffalo PL

Black buffalo OM

Spotted sucker IN tNT L

Silver redhorse IN L

Shorthead redhorse IN L

River redhorse IN INT L

Black redhorse IN INT L

Golden redhorse IN I L

-48-

Table 3.2 
1993 Vital Signs Monitoring 

Core fish species list with trophic tolerance, and reproductive designations (*) 
for use in Reservoir Fish Assemblage Index (RFAl) for TVA reservoirs, 1993. 

Tropbic Lithophilic 
Species Guild Tolerance Spawner 

Chestnut lamprey PS L 

Spotted gar PI 

Longnose gar PI TOL 

Shortnose gar PI TOL 

Bowfin PI 

American eel PI 

Skipjllck herring PI INT 

Gizzard shad OM TOL 

Threadfin shad PL 

Mooneye IN L 

Chain pickerel PI 

Central stoneroller HB 

Common carp OM TOL 

Goldfish OM TOL 

Silver chub IN INT 

Golden shiner OM TOL 

Emerald shiner IN 

Ghost shiner IN 

Spotfin shiner IN 

Mimic shiner IN INT 

Steelcolor shiner IN 

Pugnose minnow IN 

Bluntnose minnow OM 

Fathead minnow OM 

Bullhead minnow IN 

River carpsucker OM 

Quillback OM 

Northern hog sucker IN INT L 

Smallmouth buffalo OM 

Bigmouth buffalo PL 

Black buffalo OM 

Spotted sucker IN INT L 

Silver redhorse IN L 

Shorthead redhorse IN L 

River redhorse IN INT L 

Black redhorse IN INT L 

Golden redhorse IN L 
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Table 3.2 (continued)
1993 Vital Signs Monitoring

Core fish species list with trophic tolerance, and reproductive designations (*)
for use in Reservoir Fish Assemblage Index (RFAI) for TVA reservoirs, 1993.

STrophic Lithophilic
Species Guid Tolerance Spawner

Blue catfish OM

Black bullhead OM TOL

Yellow bullhead OM TOL

Brown bullhead OM TOL

Channel catfish OM

Flathead catfish PI

Blackstripe topminnow IN

Blackspotted topminnow IN

Mosquitofish IN TOL

Brook Silverside IN

White bass P1 L

Yellow bass Pi L

Rock bass P1 INT

Redbreast sunfish IN TOL

Green sunfish IN TOL

Warmouth IN

Orangespotted sunfish IN

Bluegill IN

Longear sunfish IN INT

Redear sunfish IN

Spotted sunfish IN

Smallmouth bass Pi

Spotted bass Pi

Largemouth bass P1

White crappie PI

Black crappie PI

Yellow perch IN

Logpereh IN L

Sauger PI L

Walleye Pl L

Freshwater drum IN

*Designations:
Trophic: herbivore (HB), parasitic (PS), planktivore (PL),

omnivore (OM), insectivore (IN), piscivore (PI)
Tolerance: tolerant (TOL), intolerant (INT)
Lithophilic spawning species (L)
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Table 3.2 (continued) 
1993 Vital Signs Monitoring 

Core fish species list with trophic tolerance, and reproductive designations (*) 
for use in Reservoir Fish Assemblage Index (RF AI) for TVA reservoirs, 1993. 

Trophic Litbopbilic 
Species Guild Tolerance Spawner 

Blue catfish OM 

Black bullhead OM TOL 

Yellow bullhead OM TOL 

Brown bullhead OM TOL 

Channel catfish OM 

Flathead catfish PI 

Blackslripe top minnow IN 

Blackspoued lop minnow IN 

Mosquitofish IN TOL 

Brook Silvcrside IN 

White bass PI L 

Yellow bass PI L 

Rock bass PI INT 

Redbreast sunfish IN TOL 

Green sunfish IN TOL 

Wannouth IN 

OrangespoUed sunfish IN 

Bluegill IN 

Longear sunfish IN INT 

Redear sunfish IN 

Spoued sunfish IN 

Smallmouth bass PI 

Spolted bass PI 

Largemouth bass PI 

White crappie PI 

Black crappie PI 

Yellow perch IN 

Logperch IN L 

Sauger PI L 

Walleye PI L 

Freshwater drum IN 

·Designations: 
Trophic: herbivore (HB), parasitic (PS), planktivore (PL), 

omnivore (OM), insectivore (IN), piscivore (PI) 
Tolerance: tolerant (TOL), intolerant (INT) 
Lithophilic spawning species (L) 
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Table 3.3
1993 Vital Signs Monitoring

Reservoir Fish Assemblage Index metrics and scoring criteria developed for TVA Run-of-the-River reservoirs.
Scoring reflects fish community quality, with a score of 5 representing highest quality, and a score of 1 the poorest.

Metric Gear* Inflow Transition Forebay

1 1 5 3 1 5 _L 3 1 3 1

Species Richness

1. Total species E >27 21-27 <21 >25 19-25 < 19 >25 21-25 <21

G -- -- -- >21 18-21 <18 > 19 17-19 < 17

2. Piscivore species E > 9 5-9 <5 > 8 6-8 < 6 > 8 7-8 < 7

G .. .. .. >9 7-9 <7 >9 8-9 <8

3. Sunfish species E >4 3-4 <3 >5 4-5 <4 >5 4-5 <4

G .. .. .. >2 2 <2 >2 2 <2

4. Sucker species E >5 4-5 < 4 > 3 2-3 < 2 >2 2 < 2

G .-- -- >3 2-3 <2 >3 2-3 <2

5. Intolerant species E >4 3-4 <3 >2 2 <2 >2 2 <2

G .. .. .. >2 2 <2 >2 2 <2

6. Percent tolerant E <40 40-60 > 60 <30 30-60 >60 < 30 30-60 >60individuals ..G -- -- -- <20 20-35 >35 <25 25-40 > 40

7. Percent dominance E <30 30-50 >50 <40 40-60 >60 <40 40-60 >60by one species- - - - -G oe s. . <30 30-40 > 40 <30 30-40 > 40

Trophic Composition

8. Percent individuals E <30 30-60 >60 <30 30-60 >60 <30 30-60 > 60
as omnivores

G -- -- -- <35 35-55 >55 <35 35-50 >50

9. Percent individuals E >50 30-50 <30 >70 40-70 <40 >60 30-60 <30
as insectivores

G .. .. .. > 15 5-15 <5 >10 5-10 <5

Reproductive Composition

10. Lithophilic spawning E > 7 5-7 < 5 > 4 3-4d < 3 > 5 4-5 <4
species j >5 5 <5 >5 5 <5

Abundance and Health

11. Total catch per unit E >120 70-120 <70 >130 70-130 <70 >130 80-130 <80effort- - - - - - - - - - - _ _ _ -G -- -- -- >30 15-30 < 15 > 40 20-40 <20

12. Percent individuals E < 1 1-3 >3 < 1 1-3 > 3 < 1 1-3 > 3
with anomalies

G .. .. .. <1 1-3 >3 <1 1-3 >3

* E=electrofishing; G=gill netting
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Table 3.3 
1993 vital Signs Monitoring 

Reservoir Fish Assemblage Index metrics and scoring criteria developed for TV A Run-of-the-River reservoirs. 
Scoring reflects fish community quality, with a score of 5 representing highest quality, and a score of 1 the poorest. 

Metric Gear" Inflow Transition Forebay 

5 3 1 5 3 1 5 3 1 

Species Richness 

1. Total species E >27 21-27 <21 >25 19-25 <19 >25 21-25 <21 

G -- -- -- >21 18-21 <18 >19 17-19 <17 

2. Piscivore species E >9 5-9 <5 >8 6-8 <6 >8 7-8 <7 

G -- -- -- >9 7-9 <7 >9 8-9 <8 

3. Sunfish species E >4 3-4 <3 >5 4-5 <4 >5 4-5 <4 

G -- -- -- >2 2 <2 >2 2 <2 

4. Sucker species E >5 4-5 <4 >3 2-3 <2 >2 2 <2 

G -- -- -- >3 2-3 <2 >3 2-3 <2 

5. Intolerant species E >4 3-4 <3 >2 2 <2 >2 2 <2 

G -- -- -- >2 2 <2 >2 2 <2 

6. Percent tolerant E <40 40.Q0 >60 <30 30.Q0 >60 <30 30.Q0 >60 
individuals 

G -- -- -- <20 20-35 >35 <25 25-40 >40 

7. Percent dominance E <30 30-50 >50 <40 40.Q0 >60 <40 40-60 >60 
by one species 

G <30 30-40 >40 <30 30-40 >40 - -- --

Trophic Composition 

8. Percent individuals E <30 30.Q0 >60 <30 30.Q0 >60 <30 30.Q0 >60 
as omnivores 

G -- -- -- <35 35-55 >55 <35 35-50 >50 

9. Percent individuals E >50 30-50 <30 >70 40-70 <40 >60 30.Q0 <30 
as insectivores 

G -- -- -- >15 5-15 <5 >10 5-10 <5 

Reproductive Composition 

10. Lit1!ophilic spawning E >7 5-7 <5 >4 3-4 <3 >5 4-5 <4 
specIes 

G >5 5 <5 >5 5 <5 -- -- --

Abundance and Health 

11. Total catch per unit E >120 70-120 <70 >130 70-130 <70 >130 80-130 <80 
effort 

G -- -- -- >30 15-30 <15 >40 20-40 <20 

12. Percent individuals E <1 1-3 >3 <1 1-3 >3 <1 1-3 >3 
with anomalies 

G -- -- -- <I 1-3 >3 <1 1-3 >3 

'" E=electrofishing; G=gill netting 
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Table 3.3 (continued)
1993 Vital Signs Monitoring

Reservoir Fish Assemblage Index metrics and scoring criteria developed for TVA Tributary reservoirs. Scoring
reflects fish community quality, with a score of 5 representing highest quality, and a score of 1 the poorest.

Metric Gear* Inflow Mid-Reservoir Forebay51,31 1 5 I F 37 11 5 [ 3 1

Species Richness

1. Total species E -- -- -- > 17 15-17 < 15 >25 21-25 <21

G -- ,- -- >16 13-16 <13 >14 11-14 <11

2. Piscivore species E -- i "" >6 5-6 < 5 >5 4-5 < 4

G -. .. . >7 7 <7 >6 5-6 <5

3. Sunfish species E __ -. . >3 3 <3 >4 3-4 <3

G -- - -- >1 I1 <1 >1 1 <1

4. Sucker species E .. .. .. > 3 2-3 < 2 > 2 2 < 2

G -- i . . >3 2-3 <2 >3 2-3 <2

5. Intolerant species E .. . . -- > 2 2 < 2 > 3 2-3 < 3

(G -- -- -- >1 1 <1 >1 1 <1

6. Percent tolerant E .. .. .. < 20 20-40 >40 <20 20-40 > 40
individuals

Gd --.. .. .. <20 20-40 >40 <20 20-40 > 40

7. Percent dominance E .. .. .. < 40 40-60 >60 <40 40-60 >60by one species -.... iG one spe <30 30-50 >50 <30 30-50 >50

Trophic Composition

8. Percent individuals E -- -. . <15 15-30 >30 <20 20-40 >40
as ormivores -

G .. ..... <30 30-50 >50 <30 30-50 > 50

9. Percent individuals E .. ..... >70 50-70 <50 >70 40-70 < 40
as insectivores

G .. ..... >10 5-10 <5 >15 5-15 <5

Reproductive Composition

10. Lithophilic spawning E .. > 5 4-5[ <4l > 4 3-4 <3
specie.I.G. >4 3-4 < 3 > 3 2-3 < 2

Abundance and Health

11. Total catch per unit E .. .. .. >100 60-100 <60 >120 60-120 <60
effort - -

G .. .. .. >25 15-25 <15 >20 10-20 <10

12. Percent individuals E .. .. .. <1 1-3 >3 <1 1-3 >3
with anomalies

G .. .. .. <1 1-3 >3 <1 1-3 >3

* E = electrofishing; G = gill netting
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Table 3.3 (continued) 
1993 Vital Signs Monitoring 

Reservoir Fish Assemblage Index metrics and scoring criteria developed for TV A Tributary reservoirs. Scoring 
reflects fish community quality, with a score of S representing highest quality, and a score of 1 the poorest. 

Metric Gear" Inflow Mid-Reservoir Forebay 

5 3 1 5 3 1 5 3 1 

Species Richness 

1. Total species E -- -- -- >17 IS-17 <15 >25 21-25 <21 

G -- -- -- >16 13-16 <13 >14 11-14 <11 

2. Piscivore species E -- -- -- >6 S-6 <5 >5 4-5 <4 

G -- -- - >7 7 <7 >6 5-6 <S 

3. Sunfish species E -- -- -- >3 3 <3 >4 3-4 <3 

G -- - -- >1 1 <1 >1 1 <1 

4. Sucker species E -- -- -- >3 2-3 <2 >2 2 <2 

G -- -- -- >3 2-3 <2 >3 2-3 <2 

S. Intolerant species E -- -- -- >2 2 <2 >3 2-3 <3 

G -- -- -- >1 1 <1 >1 1 <1 

6. Percent tolerant E -- -- -- <20 20-40 >40 <20 20-40 >40 
individuals 

G -- -- -- <20 20-40 >40 <20 20-40 >40 

7. Percent dominance E -- -- -- <40 40-60 >60 <40 40-60 >60 
by one species 

G <30 30-S0 >SO <30 30-S0 >50 -- -- -
Trophic Composition 

8. Percent individuals E -- -- -- < 15 15-30 >30 <20 20-40 >40 
as omnivores 

G -- -- -- <30 30-50 >50 <30 30-50 >50 

9. Percent individuals E -- -- -- >70 50-70 <50 >70 40-70 <40 
as insectivores 

G -- -- -- >10 5-10 <5 >15 5-15 <5 

Reproductive Composition 

10. Lit~ophilic spawning E -- -- -- >S 4-S <4 >4 3-4 <3 
specIes 

G >4 3-4 <3 >3 2-3 <2 -- -- --

Abundance and Health 

11. Total catch per unit E -- -- -- >100 60-100 <60 >120 60-120 <60 
effort 

G -- -- -- >25 IS-25 <IS >20 10-20 <10 

12. Percent individuals E -- -- -- <I 1-3 >3 <1 1-3 >3 
with anomalies 

G -- -- -- <I 1-3 >3 <1 1-3 >3 

'" E = electrofishing; G = gill netting 
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Table 3.4
1993 Vital Signs Monitoring

Benthic Macroinvertebrate Community Index of Biotic Integrity (IBI) metrics and scoring criteria developed for
Tennessee Valley Streams, with a score of 5 representing highest quality, and a score of 1 the poorest.

Stream Benthic Index of Biotic Integrity Metrics

Sampling Score
Metric Gear 3 5

Taxa Richness and Community Composition

1. Taxa Richness Surber or Hess <9 9-17 >18

2. Occurrence of mollusk species* Combined 0 -- >1

3. Number of mayfly (Ephemeroptera) taxa Surber or Hess <3 3-5 >6

4. Number of stonefly (Plecoptera) taxa Surber or Hess <2 -- >2

5. Number of caddisfly (Trichoptera) taxa Surber or Hess <2 2-3 >4

6. Number of EPT taxa" Combined < 14 14-24 >25

7. Proportion of oligochaetes Surber or Hess >0.05 0.01-0.049 <0.01

8. Proportion of the two most abundant taxa Surber or Hess >0.75 0.5-0.749 < 0.5

Trophic and Functional-Feeding Group

9. Proportion as omnivores and scavangers Surber or Hess >0.9 0.6-0.89 <0.6

10. Proportion as collectors/filterers Hess >0.5 0.2-0.49 <0.2

Surber >0.6 0.3-0.59 <0.3

11. Proportion as predators Surber or Hess ___<0.04 >0.04

Abundance

12. Total abundance in quantitative samples Combined <_400 401-500 1501-4000
(Lower scores given for extremely low and high values) I> 5000 4001-5000

Metric applied to qualitative and quantitative samples combined. All other metrics
applied to individual quantitative samples and resultant scores averaged.
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Table 3.4 
1993 vital Signs Monitoring 

Benthic Macroinvertebrate Community Index of Biotic Integrity (ffiI) metrics and scoring criteria developed for 
Tennessee Valley Streams, with a score of 5 representing highest quality, and a score of 1 the poorest. 

Stream Benthic Index of Biotic Integrity Metrics 

Sampling Score 
Metric Gear 

1 3 5 

Taxa Richness and Community Composition 

1. Taxa Richness Surber or Hess <9 9-17 2..18 

2. Occurrence of mollusk species • Combined 0 Ll --
3. Number of mayfly (Ephemeroptera) taxa Surber or Hess <3 3-5 L6 

4. Number of stonefly (plecoptera) taxa Surber or Hess <2 -- L2 

5. Number of caddisfly (Trichoptera) taxa Surber or Hess <2 2-3 L4 

6. Number of EPT taxa" Combined <14 14-24 L25 

7. Proportion of oligochaetes Surber or Hess 2..0.05 0.01-0.049 <0.01 

8. Proportion of the two most abundant taxa Surher or Hess LO.75 0.5-0.749 <0.5 

Trophic and Functional-Feeding Group 

9. Proportion as omnivores and seavangers Surber or Hess LO.9 0.6-0.89 <0.6 

10. Proportion as collectors/filterers Hess LO.5 0.2-0.49 <0.2 

Surher LO.6 0.3-0.59 <0.3 

11. Proportion as predators Surber or Hess ..$..0.04 -- >0.04 

Abundance 

12. Total abundance in quantitative samples Combined ..$..400 401-500 501-4000 
(Lower scores given for extremely low and high values) >5000 4001-5000 

• Metric applied to qualitative and quantitative samples combined. All other metries 
applied to individual quantitative samples and resultant scores averaged. 
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Table 3.5
1993 Vital Signs Monitoring

Fish Community Index of Biotic Integrity (IBI) metrics and scoring criteria developed for Tennessee Valley Streams,
with a score of 5 representing highest quality, and a score of 1 the poorest.

Stream Fish Community Index of Biotic Integrity Metrics

Metric JDuck River 22.5 Bear Creek 25.2 Seuatchie River 7.1 iwassee River 37.01 1 1 31 5 1 [ 31 5 11 31 5 11 31 5
Species Richness and Comnositin

1.Number ofnative <27 27-53 >53 <23 23-44 >44 <23 23-45 >45 <21 21-41 >41
species

2. Number of darter < 5 5-9 > 9 < 4 4-7 > 7 < 5 5-8 > 8 < 5 5-8 > 8
species

3. Sunfish species, less <3 3-5 >5 <3 3-5 >5 <3 3-5 >5 <2 2-3 >3
Micropterus

4. Number of sucker < 4 4-7 > 7 < 4 4-7 > 7 < 4 4-7 > 7 < 4 4-7 > 7
species

5. Number of intolerant <4 4- >6 <2 2-3 >3 <3 3-4 >4 <2 2 >2
species < 4 4-6 > 6 <>3<

6. Percent tolerant > 20 10-20 <10 >20 10-20 <10 >20 10-20 <10 >20 10-20 <10
individuals

Trophic Comoosition
7. Percent omnivores >30 15-30 <15 >30 15-30 <15 >30 15-30 <15 >30 15-30 <15

8. Percent specialized <25 25-50 >50 < 25 25-50 >50 <25 25-50 >50 <25 25-50 >50
insectivores

9. Percent piscivores <2 2-5 >5 <2 2-5 >5 <2 2-5 >5 <2 2-5 >5

Abundance and Heal th
10. Catch rate* <8 8-16 >16 <8 8-16 >16 <8 8-16 >16 <8 8-16 >16

11. Percentage hybrids > 1 0-1 0 > 1 0-1 0 > 1 0-1 0 > 1 0-1 0
12. Percent individuals _ _ 2-5

with anomalies >5 2-5 >2 >5 2-5 >2 >5 2-5 >2 >5 2-5 >2

* Average number per seine haul or five minutes of boat electroshocking
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Table 3.5 
1993 Vital signs Monitoring 

Fish Community Index of Biotic Integrity (lBI) metrics and scoring criteria developed for Tennessee Valley Streams, 
with a score of 5 representing highest quality, and a score of 1 the poorest. 

Stream Fish Community Index of Biotic Integrity Metrics 

Metric Duck River 22.5 Bear Creek 25.2 Sequatchie River 7.1 Hiwassee River 37.0 
1 3 5 1 3 5 1 3 5 1 3 5 

Soecies Richna .. and Comom ition 
1. Number of native <27 27-53 >53 <23 23-44 >44 <23 23-45 >45 <21 21-41 >41 species 

2. Number of darter <5 5-9 >9 <4 4-7 >7 <5 5-8 >8 <5 S-8 >8 species 

3. Sunfish species, less 
Micro12terus <3 3-5 >5 <3 3-S >S <3 3-5 >S <2 2-3 >3 

4. Number of sucker <4 4-7 >7 <4 4-7 >7 <4 4-7 >7 <4 4-7 >7 species 

5. Number of intolerant <4 4~ >6 <2 2-3 >3 <3 3-4 >4 <2 2 >2 species 

6. Percent tolerant >20 10-20 <10 >20 10-20 <10 >20 10-20 <10 >20 10-20 <10 individuals 

Tmnhic C'nmnnsition 
7. Percent omnivores >30 15-30 < 15 >30 IS-30 <IS >30 IS-3~ <15 >30 15-30 <15 

8. ~erceI!t specialized 
msecttvores <25 25-50 >50 <25 25-50 >50 <25 25-50 >50 <25 25-S0 >50 

9. Percent piscivores <2 2-S >5 <2 2-5 >5 <2 2-5 >5 <2 2-S >5 

A -" and Heal h 
10. Catch rate* <8 8-16 >16 <8 8-16 >16 <8 8-16 >16 <8 8-16 > 16 

11. Percentage hybrids >1 0-1 0 >1 0-1 0 >1 0-1 0 >1 0-1 0 

12. Percent individuals >S 2-5 >2 >5 2-S >2 >5 2-5 >2 >5 2-5 >2 with anomalies 

* Avera2e number ner seine haul or five minutes of boat electroshockin~ 



Table 3.5 (continued)
1993 Vital Signs Monitoring

Fish Community Index of Biotic Integrity ([BI) metrics and scoring criteria developed for Tennessee Valley Streams,
with a score of 5 representing highest quality, and a score of 1 the poorest.

Stream Fish Community Index of Biotic Integrity Metrics

Metric Little Tenn River 94.3 Emor River 21.7 Powell River 65.4 Clinch River 172.3
1 1 3 5 1 _3 5 1 3 5 1 3 5

Species Richness and Composition
I. Number of native <11 11-20 >20 < 15 15-29 >29 <21 21-39 >39 <22 22-42 >42

species
spumerofdes er <3 3-4 >4 <5 5-8 >8 <5 5-8 >8 <5 5-8 >8

3. Sunfish species, less 0 1 >1 <2 2 >2 <2 2-3 >3 <2 2-3 >3
Micropterus

4.sNupberofsucker <2 2-3 >3 <2 2 >2 <3 3-4 >4 <3 3-5 >5species____

5.Numberofintolerant <2 2 >2 <2 2 >2 <3 3-4 >4 <3 3-5 >5species __ ____ ____ ____ ____

6. Percent tolerant
individt >20 10-20 <10 >20 10-20 <10 >20 10-20 <10 >20 10-20 <10

TroDhic Comoosition
7. Percent omnivores >30 15-30 < 15 >30 15-30 < 15 >30 15-30 <15 >30 15-30 < 15

8. Percent specialized <25 25-50 >50 < 25 25-50 >50 <25 25-50 >50 <25 25-50 >50
insectivores _

9. Percent piscivores <2 2-5 >5 <2 2-5 >5 <2 2-5 >5 <2 2-5 >5

Abundance and Healt h
10. Catch rate* <7 7-13 >13 <7 7-13 >13 <8 8-16 >16 <8 8-16 >16

11. Percentage hybrids > 1 0-1 0 > 1 0-1 0 > 1 0-1 0 > 1 0-1 0

12. Percent individuals >5 2-5 >2 >5 2-5 >2 >5 2-5 >2 >5 2-5 >2

* Average number per seine haul or five minutes of boat electroshocking
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Table 3.5 (continued) 
1993 vital Signs Monitoring 

Fish Community Index of Biotic Integrity (IBI) metrics and scoring criteria developed for Tennessee Valley Streams, 
with a score of 5 representing highest quality, and a score of 1 the poorest. 

Stream Fish Community Index of Biotic Integrity Metrics 

Metric Little Tenn River 94.3 Emory River 21. 7 Powell River 65.4 Clinch River 172.3 
1 3 5 1 3 5 1 3 5 1 3 5 

~ 

Richn- and ComDO! ilion 
1. NumJ>er of native <11 11-20 >20 <15 IS-29 >29 <21 21-39 >39 <22 22-42 >42 Specles 

2. Number of darter <3 3-4 >4 <5 S-8 >8 <S S-8 >8 <5 5-8 >8 species 

3. Sunfish species, less 
Micro~terus 0 1 >1 <2 2 >2 <2 2-3 >3 <2 2-3 >3 

4. Number of sucker 
<f 2-3 >3 <2 2 >2 <3 3-4 >4 <3 3-S >S species 

5. Number of intolerant <2 2 >2 <2 2 >2 <3 3-4 >4 <3 3-S >S species 

6. Percent tolerant >20 10-20 <10 >20 10-20 <10 >20 10-20 <10 >20 10-20 <10 individuals 

Troohic Comnosition , 

7. Percent omnivores >30 15-30 <15 >30 IS-30 <15 >30 15-30 <15 >30 15-30 <15 

8. J;>erce~t specialized 
msechvores <25 25-50 >50 <25 25-50 >50 <25 25-50 >50 <25 25-50 >50 

9. Percent piscivores <2 2-5 >5 <2 2-5 >5 <2 2-5 >5 <2 2-5 >5 

Abundance and Heal h 
10. Catch rate* <7 7-13 >13 <7 7-13 >13 <8 8-16 >16 <8 8-16 >16 

11. Percentage hybrids >1 0-1 0 >1 0-1 0 >1 0-1 0 >1 0-1 0 

12. Percent individuals >5 2-5 >2 >5 2-5 >2 >5 2-5 >2 >5 2-5 >2 with anomalies 

* A vera2e number oer seine haul or five minutes of boat electroshockin~ 



Table 3.5 (continued)
1993 Vital Signs Monitoring

Fish Community Index of Biotic Integrity (IBI) metrics and scoring criteria developed for Tennessee Valley Streams,
with a score of 5 representing highest quality, and a score of 1 the poorest.

Stream Fish Community Index of Biotic Integrity Metrics

,n

Metric Holston River 118.0 Nolchu Ri French Broad R 78.0l 1 1 3 5 1 [ 3 5 1 3 5

Snecies Richness and Composition
1I. Number of nativesperies <20 20-38 >38 < 19 19-36 >36 <21 21-40 >40

species __ ____

2. Number of darter <4 47 >7 <5 5-8 >8 <4 4-7 >7
species < 4 - 7 5 8 > < - >

3. Sunfish species, less <2 2-3 >3 <2 2-3 >3 <2 2-3 >3
Micropterus

4. Number of sucker <3 35 >5 <4 4-6 >6 <4 4-6 >6
species < 3 3<>4

5. Number of intolerant <3 3-4 >4 <2 2-3 >3 <2 2-3 >3
species < 3 34 > < 2 >3 2 3

6. Percent tolerant >20 10-20 <10 >20 10-20 <10 >20 10-20 <10
individuals

Troohic Comoosition
7. Percent omnivores >30 15-30 <15 >30 15-30 < 15 >30 15-30 <15

8. Percent specialized <25 25-50 >50 <25 25-50 >50 <25 25-50 >50
insectivores

9. Percent piscivores < 2 2-5 > 5 < 2 2-5 > 5 < 2 2-5 > 5

Abundance and Health

10. Catch rate* <8 8-16 >16 <8 8-16 >16 <7 7-13 >13

11. Percentage hybrids > 1 0-1 0 > 1 0-1 0 > 1 0-1 0

12. Percent individuals >5 2-5 >2 >5 2-5 >2 >5 2-5 >2
with anomalies

* Average number per seine haul or five minutes of boat electroshocking
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Table 3.5 (continued) 
1993 vital Signs Monitoring 

Fish Community Index of Biotic Integrity (IBI) metrics and scoring criteria developed for Tennessee Valley Streams, 
with a score of 5 representing highest quality, and a score of 1 the poorest. 

Stream Fish Community Index of Biotic Integrity Metrics 

Metric Holston River 118.0 Noljchucky River 8.S French Broad R 78.0 

1 3 5 1 3 5 1 3 5 

Snecies Richness and Comoru ition 
1. Number of native <20 20-38 >38 <19 19-36 >36 <21 21-40 >40 species 

2. Number of darter <4 4-7 >7 <5 5-8 >8 <4 4-7 >7 species 

3. Sunfish species, less 
Micro}!terus <2 2-3 >3 <2 2-3 >3 <2 2-3 >3 

4. Number of sucker <3 3-5 >5 <4 4-6 >6 <4 4-6 >6 species 

5. Numper of intolerant <3 3-4 >4 <2 2-3 >3 <2 2-3 >3 specIes 

6. Percent tolerant >20 10-20 <10 >20 10-20 <10 >20 10-20 <10 individuals 

Tronhit ComnositiJln 
7. Percent omnivores >30 15-30 <15 >30 15-30 <15 >30 IS-30 <15 

8. J.>erce~t specialized 
msectlvores <25 25-50 >SO <25 25-S0 >SO <25 25-S0 >SO 

9. Percent piscivores <2 2-S >S <2 2-S >S <2 2-S >S 

Abundance and Heal' h 
10. Catch rate* <8 8-16 >16 <8 8-16 >16 <7 7-13 >13 

11. Percentage hybrids >1 0-1 0 >1 0-1 0 >1 0-1 0 

12. Percent individuals >5 2-5 >2 >S 2-S >2 >S 2-S >2 with anomalies 

* Avera~e number ~ seine haul or five minutes of boat electroshockin~ 



Table 3.6
1993 Vital Signs Monitoring

Computational Method For Evaluation of Reservoir Health

Wilson Reservoir - 1993 (Run-of-the-river reservoir)

I,

0O'

Aquatic Health Indicators Observations I Ratings

Forebay Transition Inflow Forebay Transition Inflow

Zone Zone

Dissolved Oxygen: No Samples Tailrace DOs 1 No Rating 4
Less Than 2 mJ/L (Summer Avg.) (poor) (fair)
% of X-Sectional Area 11.0 (1) -
% of X-Sectional Bottom Length 44.2 (1)* *DO was mg/L on the bottom

Less Than 5 mg/l at 1.5m I
Yes/No No Yes* *Minimum DO was 4.3 mg/L

Chlorophyll-a, ag/L: No Samples No Samples 3 No Rating No Rating
Summertime Average 10.2 - (fair)
Maximum Concentration 25.0

Sediment Quality: No Samples No Samples 4.5 No Rating No Rating
Toxicity T1 T2 (good)
Ceriodaphnia Survival 100T% 95%
Rotifer Survival 65% 85% -

Chemistry
Metals/NH3/pesticides None (5) -

Benthic Community: No Samples 3 No Rating 5
Dominance 5 5 (fair) (good)
Tubificidae 5 5
Chironomidae 1 5
EPT 1 5
Long-lived 3 5
Taxa richness 5 5

Total 20 - 30

Fish Comnmunity: No Samples 4 No Rating 4
Electrofishing Score 46 - (fair) (fair)
Gill Netting Score 38 42

Overall 42 - 42

Sampling Location Sum 15.5 of 25 13 of 15
Overall Reservoir Evaluation Key:

Less than 52% - poor (red)
52% to 72% - fair (yellow)
Greater than 72% - good (green)

Reservoir Sun 28.5 of 40 [71%3

OVERALL RESERVOIR EVALUATION I fair" (yellow)

I 
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Table 3.6 
1993 vital Signs Monitoring 

computational Method For Evaluation of Reservoir Health 

Wilson Reservoir - 1993 (Run-of-the-river reservoir) 

Aquatic Health Indicators Observations "Ratings 

Forebay Transition Inflow Forebay Transition Inflow 
Zone Zone 

Dissolved Oxygen: No Samples Tailrace DOs 1 No Rating 4 
Less Than 2 mg/L (Summer Avg.) (poor) (fair) 
% of X-Sectional Area 11.0 (1) - -
% of X-Sectional Bottom Length 44.2 (1)* - - *00 was rng/L on the bottom 

Less Than 5 mgtl at 1.5m I 
Yes/No No - Yes* *Minimum DO was 4.3 rng/L 

Chlorophyll-a, ~g/L: No Samples No Samples 3 No Rating No Rating 
Summertime Average 10.2 - - (fair) 
Maximum Concentration 25.0 - -

Sediment Quality: No Samples No Samples 4.5 No Rating No Rating 
Toxicity 11 T2 (good) 
Ceriodaphnia Survival 100% 95% - -
Rotifer Survival 65% 85% - -

Chemistry 
Metals/NH3/pesticides None (5) - -

Benthic Community: No Samples 3 No Rating 5 
Dominance 5 5 (fair) (good) 
Tubificidae 5 5 
Chironomidae 1 5 
EPT , 5 
Long-lived 3 5 
Taxa richness 5 5 

Total 20 - 30 

Fish Conrnunity: No Samples 4 No Rating 4 
Electrofishing Score 46 - (fair) (fair) 
Gill Netting Score 38 42 

OVerall 42 - 42 

Sampt ing Location SlJII 15.5 of 25 -- 13 of 15 
Overall Reservoir Evaluation Key: 

Less than 52% - poor (red) Reservoir SlJll 28.5 of 40 [71%] 
52% to 72% - fair (yellow) 

I Greater than 72% - good (green) OVERALL RESERVOIR EVALUATION "fai rIO (yellow) 



Table 3.7
1993 Vital Signs Monitoring

Computational Method For Evaluation of Reservoir Health

Cherokee Reservoir - 1993 (Tributary storage reservoir)

-a

Aquatic Health Indicators J Observations f Ratings

Forebay Transition Inflow Forebay Transition Inflow
Zone Zone

Dissolved Oxygen: No Samples 1 1 No Rating
Less Than 2 mg/L (Summer Avg.) (poor) (poor)
% of X-Sectional Area 21.5 (1) 26.0 (1)
% of X-Sectional Bottom Length 43.0 (1)* 52.0 (W)* *DO was 0 mg/L on the bottom

Less Than 5 mg/L at 1.5m
Yes/No No No

ChlorophyLl-a, Ag/L: No Samples 5 5 No Rating
Summertime Average 7.6 9.4 (good) (good)
Maximum Concentration 17.0 14.0

Sediment Quality: No Samples 4 2 No Rating
Toxicity (fair) (poor)
Ceriodaphnia Survival 100% (5) 95% (1)
Rotifer Survival 90% 75%

Chemistry
Metals/NH3/pesticides NH3 (3) Cu, NH3 (3) -

Benthic Cormmunity: No Samples 3 No Rating 5
Dominance 3 5 (fair) (good)
Tubificidae 3 5
Chironomidae 1 3
EPT 3 5
Long-lived 1 5
Taxa richness 5 5

Total 16 28

Fish Community: 3 3 3
Electrofishing Score 32 30 34 (fair) (fair) (fair)
Gill Netting Score 40 38 36

Overall 36 34 35

Overall Reservoir Evaluation Key:
Less than 57% - poor (red)
>57% and <72% - fair (yellow)
Greater than 72% - good (green)

Sampling Location Sum 16 of 25 11 of 20 8 of 10

Reservoir Sum 1 35 of 55 [64%]

OVERALL RESERVOIR EVALUATION "fair" (yellow)
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Table 3.7 
1993 vital signs Monitoring 

computational Method For Evaluation of Reservoir Health 

Cherokee Reservoir - 1993 (fributary storage reservoir) 

Aquatic Health Indicators Observat i ons Ratings 

Forebay Transition Inflow Forebay Transition 
Zone Zone 

Dissolved Oxygen: No Sal1llles 1 1 
Less Than 2 mg/L (Summer Avg.) (poor) (poor) 
% of X-Sectional Area 21.5 (1) 26.0 (1) -
% of X-Sectional Bottom Length 43.0 (1)* 52.0 (1)* - *00 was 0 mg/L on the 

Less Than 5 msLl at 1.5m 
Yes/No No No 

Chlorophyll-a, ~g/L: No Sa""les 5 5 
Summertime Average 7.6 9.4 - (good) (good) 
Maximum Concentration 17.0 14.0 -

Sediment Qual ity: No S8IIJlles 4 2 
Toxicity (fair) (poor) 
Ceriodaphnia Survival 100% (5) 95% (1) -
Rotifer Survival 90% 75% -

Chemistry 
Metals/NH3/pesticides NH3 (3) Cu, NH3 (3) -

Benthic Community: No Sal1llles 3 No Rating 
Dominance 3 5 (fair) 
Tubificidae 3 5 
Chironomidae 1 3 
EPT 3 5 
Long- (ived 1 5 
Taxa richness 5 5 

Total 16 - 28 

Fish Community: 3 3 
Electrofishing Score 32 30 34 (fair) (fair) 
Gill Netting Score 40 38 36 

OVerall 36 34 35 

S8I1lll ing Location Sum 16 of 25 11 of 20 
Overall Reservoir Evaluation Key: 

Less than 57% - poor (red) Reservoir Sum 35 of 55 [64%] 
>57% and <72% - fair (yellow) 

I Greater than 72% - good (green) OVERALL RESERVOIR EVALUATION "fai rIO (yellow) 

Inflow 

No Rating 

bottom 

No Rating 

No Rating 

5 
(good) 

3 
(fair) 

8 of 10 



4.0 HYDROLOGIC OVERVIEW OF 1993

Many water quality characteristics (e.g., temperature, dissolved oxygen, conductivity,

water clarity, suspended solids, etc.) exhibit changes due to seasonal variations in atmospheric

temperature and rainfall. During those times of the year when runoff is minimal (normally August-

October), streamflow is largely derived from the base flow of groundwater. Because of greater

contact between the water and the soil/rock and the longer groundwater residence times, groundwater

contains more dissolved minerals (i.e., higher concentrations of hardness and alkalinity, higher pHs

and conductivities, etc.) than does surface water. During those times of the year when runoff is

higher (normally January-March), streamflow is principally derived from rapid overland runoff that

allows little time for mineral dissolution.

Consequently, during those times of the year with higher rainfall and subsequent higher

flows, base flow accounts for a smaller proportion of the total streamflow, resulting in lower

concentrations of most dissolved constituents. In addition, periods of intense rainfall and high

overland flows wash off or "flush" a watershed and transport soil particles to streams, often carrying

large loads of nonpoint source pollutants (nutrients, suspended solids, fecal bacteria, etc.) to streams

and rivers.

In addition to flood control, electric power generation, and navigation, an important

benefit of the TVA's system of dams and reservoirs is its ability to maintain adequate streamflow

during extended periods of low rainfall and low runoff by the controlled release of water from

tributary storage impoundments. However, this alteration of natural streamflow (diminishing high

flows during floods and augmenting low flows during droughts) by storing and then slowly releasing

water from tributary storage impoundments creates conditions of strong thermal stratification and low

dissolved oxygen in the bottom waters of these tributary storage impoundments. (Additional details

about reservoir stratification and water quality impacts are discussed in Chapter 5.)

From a water quality perspective, the lower streamflows occurring during the warmer

summer months, combined with naturally occurring higher water temperatures and lower dissolved

oxygen concentrations, result not only in lakes becoming thermally stratified but also having less

water and less oxygen available to dilute and assimilate the wastes discharged to them. In addition,

the warmer water temperatures increase aquatic biological processes (respiration, bacteriological

decomposition, etc.). This results in oxygen being used at a faster rate, which can further lower

oxygen concentrations. In combination, these factors (low streamflows and diminished assimilative
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4.0 HYDROLOGIC OVERVIEW OF 1993 

Many water quality characteristics (e.g., temperature, dissolved oxygen, conductivity, 

water clarity, suspended solids, etc.) exhibit changes due to seasonal variations in atmospheric 

temperature and rainfall. During those times of the year when runoff is minimal (normally August

October), streamflow is largely derived from the base flow of groundwater. Because of greater 

contact between the water and the soil/rock and the longer groundwater residence times, groundwater 

contains more dissolved minerals (i.e., higher concentrations of hardness and alkalinity, higher pHs 

and conductivities, etc.) than does surface water. During those times of the year when runoff is 

higher (normally January-March), streamflow is principally derived from rapid overland runoff that 

allows little time for mineral dissolution. 

Consequently, during those times of the year with higher rainfall and subsequent higher 

flows, base flow accounts for a smaller proportion of the total streamflow, resulting in lower 

concentrations of most dissolved constituents. In addition, periods of intense rainfall and high 

overland flows wash off or "flush" a watershed and transport soil particles to streams, often carrying 

large loads of nonpoint source pollutants (nutrients, suspended solids, fecal bacteria, etc.) to streams 

and rivers. 

In addition to flood control, electric power generation, and navigation, an important 

benefit of the TV A's system of dams and reservoirs is its ability to maintain adequate streamflow 

during extended periods of low rainfall and low runoff by the controlled release of water from 

tributary storage impoundments. However, this alteration of natural streamflow (diminishing high 

flows during floods and augmenting low flows during droughts) by storing and then slowly releasing 

water from tributary storage impoundments creates conditions of strong thermal stratification and low 

dissolved oxygen in the bottom waters of these tributary storage impoundments. (Additional details 

about reservoir stratification and water quality impacts are discussed in Chapter 5.) 

From a water quality perspective, the lower streamflows occurring during the warmer 

summer months, combined with naturally occurring higher water temperatures and lower dissolved 

oxygen concentrations, result not only in lakes becoming thermally stratified but also having less 

water and less oxygen available to dilute and assimilate the wastes discharged to them. In addition, 

the warmer water temperatures increase aquatic biological processes (respiration, bacteriological 

decomposition, etc.). This results in oxygen being used at a faster rate, which can further lower 

oxygen concentrations. In combination, these factors (low streamflows and diminished assimilative 
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capacity, warmer temperatures and higher biological oxygen consumption rates, and the inhibition of

mixing and reaeration caused by thermal stratification) result in low dissolved oxygen concentrations

and adversely impact the health of aquatic life. The summer of 1993 was a case in point. July 1993

was the hottest month on record (since 1890s) in the Tennessee Valley. Valley-wide temperatures

averaged almost 83°F (28.3°C), about 5°F (2.8°C) above normal for July. For example, in

Chattanooga, all 31 days in July had temperatures above 90°F (32.2°C), with temperatures up to

104°F (40.0°C) and 15 days with temperatures 980F (36.7°C) or higher. This record-breaking heat

(and low streamflows) resulted in high water temperatures in the Tennessee River. In fact, all nine

mainstem Tennessee River reservoirs had surface water temperatures that exceeded 86°F (30.0°C),

some with highs up to 90'F (32.2°C).

In addition, Tennessee Valley rainfall and runoff were well below normal in the summer of

1993. In July, Valley-wide rainfall averaged only 1.76 inches (45 mm), a deficit of 3 inches (76 nun)

below the long-term July mean of 4.77 inches (121 mm) as a result rainfall runoff was only 0.66

inches (17 mm), compared to the long-term July mean of 1.03 inches (26 mm). Further, runoff was

significantly lower in the western half of the Tennessee Valley than in the eastern half. In July,

runoff above Chattanooga was 90 percent of the long-term mean, while runoff was only 64 percent of

the long-term mean above Kentucky Dam. For the period of January through July, runoff above

Chattanooga was 80 percent of the long-term mean, while runoff was 72 percent of the long-term

mean above Kentucky Dam. Consequently, flows in the Tennessee River in 1993 increasingly fell

below the long-term average as the river flowed downstream from Fort Loudoun Dam to Kentucky

Dam.

The high temperatures and low flows of July 1993 adversely impacted dissolved oxygen

concentrations in the Tennessee River, particularly in the downstream reservoirs. In mid-July,

hypolimnetic anoxia (DOs equal to 0 mg/L) was found in the forebays of Kentucky, Pickwick,

Wilson, Wheeler, and Chickamauga Reservoirs. All time low concentrations of DO were recorded in

the releases from Chickamauga Dam on July 16 (2.2 mg/L) and Nickajack Dam on July 19

(1.8 mg/L) when flows from both dams were only 9000 cfs. During the first two weeks of July (July

I to 15), daily flows averaged only about 17,250-17,500 cfs at Chickamauga and Nickajack Dams, or

about 55 percent of the normal flow for this period of time. Once the effects of the high temperatures

and low flows on DOs in the Tennessee River were recognized, flows were immediately increased (by

drawing water from tributary storage reservoirs) and DO concentrations improved. For example, at

Chickamauga Dam, from July 16-31, average daily flows were increased to an average of about
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capacity, wanner temperatures and higher biological oxygen consumption rates, and the inhibition of 

mixing and reaeration caused by thermal stratification) result in low dissolved oxygen concentrations 

and adversely impact the health of aquatic life. The summer of 1993 was a case in point. July 1993 

was the hottest month on record (since 18908) in the Tennessee Valley. Valley-wide temperatures 

averaged almost 83°F (28.3°C), about 5°F (2.8°C) above normal for July. For example, in 

Chattanooga, all 31 days in July had temperatures above 90°F (32.2°C), with temperatures up to 

104°F (40.0°C) and 15 days with temperatures 98°F (36.7 D C) or higber. This record-breaking heat 

(and low streamflows) resulted in high water temperatures in the Tennessee River. In fact, all nine 

mainstem Tennessee River reservoirs had surface water temperatures that exceeded 86°F (30.0°C), 

some with highs up to 90 D F (32.2°C). 

In addition, Tennessee Valley rainfall and runoff were well below normal in the summer of 

1993. In July, Valley-wide rainfall averaged only 1.76 inches (45 mm), a deficit of 3 inches (76 mm) 

below the long-term July mean of,4.77 inches (121 mm) as a result rainfall runoff was only 0.66 

inches (17 mm), compared to the long-term July mean of 1.03 inches (26 nun). Further, runoff was 

significantly lower in the western half of the Tennessee Valley than in the eastern half. In July, 

runoff above Chattanooga was 90 percent of the long-term mean, while runoff was only 64 percent of 

the long-term mean above Kentucky Dam. For the period of January through July, runoff above 

Chattanooga was 80 percent of the long-term mean, while runoff was 72 percent of the long-term 

mean above Kentucky Dam. Consequently, flows in the Tennessee River in 1993 increasingly fell 

below the long-term average as the river flowed downstream from Fort Loudoun Dam to Kentucky 

Dam. 

The high temperatures and low flows of July 1993 adversely impacted dissolved oxygen 

concentrations in the Tennessee River, particularly in the downstream reservoirs. In mid-July, 

hypolimnetic anoxia (DOs equal to 0 mg/L) was found in the forebays of Kentucky, Pickwick, 

Wilson, Wheeler, and Chickamauga Reservoirs. All time low concentrations of DO were recorded in 

the releases from Chickamauga Dam on July 16 (2.2 mg/L) and Nickajack Dam on July 19 

(I.8 mg/L) when flows from both dams were only 9000 cfs. During the first two weeks of July (July 

1 to 15), daily flows averaged only about 17,250-17,500 cfs at Chickamauga and Nickajack Dams, or 

about 55 percent of the normal flow for this period of time. Once the effects of the high temperatures 

and low flows on DOs in the Tennessee River were recognized, flows were immediately increased (by 

drawing water from tributary storage reservoirs) and DO concentrations improved. For example, at 

Chickamauga Dam, from July 16-31, average daily flows were increased to an average of about 
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24,500 cfs (about 80 percent of the normal flow for July) and DOs in the releases increased to an

average of about 4.3 mg/L, ranging from 3.2 to 6.3 mg/L. Compounding this whole situation were

the record-setting rains and flooding occurring in the mid-West along the Mississippi and Missouri

Rivers during the "flood of the century." During this period, TVA minimized discharge from the

Tennessee River through Kentucky Dam so as to not increase flood crests on the lower Ohio and

Mississippi Rivers and worsen the already catastrophic flooding in those areas.

Obviously, examining atmospheric temperature, rainfall, and runoff patterns during 1993

aids in interpretation of the Vital Signs monitoring data and the ecological health assessments of the

streams and reservoirs. Interestingly, interpretation of the biological components of stream

monitoring results for 1993 is not influenced by these extreme hydrologic conditions. The low

rainfall and low streamnflows during the spring and early summer allowed benthic sample collection

before the more stressed conditions developed in mid-to-late summer.

4.1 Atmospheric Temperature

Average annual temperature in the TVA region is approximately 60 degrees Fahrenheit,0 F

(15.6 degrees Celsius,°C), with January usually being the coldest month and July the hottest.

According to U.S. Department of Commerce (USDOC) climatic data, atmospheric temperatures in the

TVA region averaged only about O.3°F (0.2°C) warmer than normal in 1993; however, 1993 was a

year of extremes (USDOC, 1993). January and July were unusually warm with 5.0°F (2.8°C) and

4.7°F (2.6°C) above normal, respectively; while, March and April were below normal with

departures greater than -2.0°F (-1.1°C) (Figure 4.1a).

In review, 1993 began with an unusually warm January but cooled to below normal in

February. As has often occurred in the last 15 years, another cold spring with late freezes was

experienced. A record-breaking late season blizzard struck the Valley in mid-March and hit hardest

in the eastern half. Summer was hotter than normal, with Tennessee, Alabama, Georgia, North

Carolina, and Virginia all having the hottest July on record since the 1890s. The persistent heat and

high humidity created great stress on livestock and people. The daily records for Chattanooga

Airport provide an indication of the unusual conditions. All 31 days had maximums above 90°F

(32.2°C), with the observed maximums ranging from 92°F (33.3°C) to 104°F (40'C) and 15 days of

98°F (36.7°C) or higher. The last four months had near or below normal temperatures, and the

annual average temperature was only slightly above normal.
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4.2 Rainfall

The Tennessee River basin averages about 51-52 inches (1295-1320 millimeters [mm]) of

precipitation annually. However, there are large variations in the spatial distribution of precipitation.

The range is from a high of about 93 inches (2360 mm) in the mountains of southwestern North

Carolina near Highlands, North Carolina, to a low of about 37 inches (940 mm) in the shielded

valleys of these same mountains near Asheville, North Carolina. Elsewhere in the Valley,

precipitation usually ranges within five to ten inches (127 mm to 254 nun) of the basin average.

March is usually the wettest month and October the driest.

Rainfall across the Tennessee Valley in 1993 averaged only 39.8 inches (1011 mm),

almost 12 inches (about 300 mm) or 23 percent less than the long-term 100-year average. The

diminished rainfall in 1993 followed another dry year, 1992, when annual rainfall was about 8 inches

(204 mm) or about 15 percent below the long-term average. The period January-May 1992 ranked as

one of the ten driest on record in the Tennessee Valley. During 1993, only the month of December

had rainfall greater than normal (6.1 inches 1 155 mmn] compared to normal December rainfall of 4.8

inches [122 mm]); the greatest rainfall deficit occurred in July (1.8 inches [45 mm] compared to the

normal July rainfall of 4.8 inches [122mm]). In addition to the extremes of December and July,

March and September precipitation was close to average while February, April, June and October

were more than an inch (254 mmn) below average (Figure 4. ib). During March 1993, the Tennessee

Valley received the equivalent of 5.4 inches (137 mmn) of rain, much of this during the "Winter Snow

Storm of the Century" when many areas received record amounts (greater than 20 inches [about 500

mm]) of snowfall.

The unusually persistent hot weather and below average rainfall in the summer was related

to an unusual upper air pattern, which kept the storm track well west and north of the region and

allowed very few cold fronts to reach the Tennessee Valley. This nearly stationary position of a

strong upper air trough over the Rocky Mountains was associated with the record flooding in the

middle of the country and kept the Southeast hot and dry. This general pattern was most persistent in

the summer, but frequently alternated with a pattern having an upper trough over or to the east of the

Valley in the other seasons. This latter trough kept most storms associated with it to the south of the

TVA region. These two upper air patterns dominated the weather during 1993, so significant rainfall

events tended to occur only when there was a transition period between one and the other.
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4.3 Streamflow

Streamflow varies seasonally with rainfall, although during the spring and, summer

evaporation and transpiration also significantly reduce the amount of runoff. Watersheds that receive

50 to 60 inches (1270 to 1524 mm) of precipitation annually average about 20 to 30 inches (508 to

762 mm) of runoff. In a normal year, the discharge of the Tennessee River (approximately 66,000

cfs [1868 meters 3/second]) corresponds to about 22 inches (about 560 mm) of runoff distributed over

the 40,900 square mile (105,930 square kilometer) drainage basin. A larger amount of runoff occurs

during the wet winter and spring months (January-April) when precipitation events are frequent,

temperatures are low, and there are no leaves on deciduous vegetation. Consequently, soil

absorption, evaporation, and plant transpiration losses are low at that time of year, and both runoff

and streamflow are higher than during the summer and autumn months. Average rainfall in the

eastern and western portions of the Tennessee Valley (above and below Chattanooga) is about equal.

However, topographic differences (viz. the largely steep and mountainous terrain in the eastern

portion of the Valley, compared with the mostly flat and rolling terrain in the western portion of the

Valley) and generally shallower soils result in higher amounts of runoff above Chattanooga.

In 1993, runoff for the Tennessee River basin was well below normal, particularly from

February through July and particularly in the western half of the Valley. Runoff above Chattanooga

was only slightly below normal in 1993, 21.4 inches, or 92 percent of the long-term mean of 23.4

inches. However, runoff above Kentucky Dam was only 17.6 inches, a deficit of almost 5 inches and

only 78 percent of the long-term mean of 22.5 inches (Figure 4. lc.). Table 4.1 shows that the 1993

releases from tributary reservoirs in the western part of the Valley (e.g., Normandy, Tims Ford, etc.)

were below their long-term means, while the releases from tributary reservoirs in the eastern part of

the Valley (e.g., South Holston, Watauga, etc.) were close to normal. Consequently, flows in the

Tennessee River in 1993 increasingly fell below the long-term average as the river flowed

downstream from Fort Loudoun Dam to Kentucky Dam.

Figure 4.2 presents the relative contributions of streamflow based on long term averages

from major tributaries and local inflows to each of the mainstem Tennessee River reservoirs. The

flow through each mainstem reservoir is dominated by the inflow from the immediately adjacent

upstream reservoir. However, several large tributaries (e.g., Hiwassee River, Elk River, Duck

River) do provide substantial inputs to a few mainstem reservoirs, and consequently can have a

significant impact on water quality, depending on the volume and chemical quality of the inflows.
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Figure 4.2
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Table 4.1

CHARACTERISTICS OF VITAL SIGNS RESERVOIRS

Reservoir
Name

Drainage
Area

(sq. miles)

Kentucky
Pickwick
Wilson
Wheeler
Guntersville
Nickajack
Chickamauga
Watts Bar
Fort Loudoun
Melton Hill
Tellico

Ia'
a.

Norris
Cherokee
Douglas
Ft Patrick Henry
Boone
South Holston
Watauga
Fontana
Hiwassee
Chatuge
Nottely
Ocoee #1 (Parksville)
Blue Ridge
Tims Ford
Bear Creek
Cedar Creek
Little Bear Creek
Beech
Normandy

40,200
32,820
30,750
29,590
24,450
21,870
20,790
17,300
9,550
3,343
2,627

2,912
3,428
4,541
1,903
1,840

703
468

1,571
968
189
214
595
232
529
232
179
61
16

195

Reservoir
Length
(miles)

184.3
52.7
15.5
74.1
75.7
46.3
58.9

72.0/24.00
50.0
44.0
33.2

73.0/53.0'
54.0
43.1
10.4

17.4/15.3'
23.7
16.3
29.0
22.2
13.0
20.2

7.5
11.0
34.2
16.0
9.0
7.1
5.3

17.0

Surface
Area)

1000's

160.3
43.1
15.5
67.1
67.9
10.4
35.4
39.0
14.6
5.7

16.5

34.2
30.3
30.4
0.9
4.3
7.6
6.4

10.6
6.1
7.0
4.2
1.9
3.3

10.6
0.7
4.2
1.6
0.9
3.2

Depth
A,

at Dam! Volume' Dn
(f) (ac-ft)

1000's
Run-of-the-River Reservoirs

88 2,839
84 924

108 634
66 1,050
65 1,018
60 241
83 628

105 1,010
94 363
69 120
80 415

Tributary, Storage Reservoirs
202 2,040
163 1,481
127 1,408

81 27
129 189
239 658
274 569
460 1,420
255 422
124 234
167 170
115 85
156 193
143 530
74 10
79 94
82 45
32 11
83 110

erage
,nnual
awdownb

5
6
3
6
2
0
7
6
6
0
6

32
28
48
0

25
33
26
64
45
10
24
7

36
12
110
14'
12'

11

Average
Reservoir
Flow-POR

(cfs)

66,600
54,900
51,500
49,400
40,700
35,900
34,200
27,100
18,400
4,920
6, 3 0 0 d

4,190
4,460
6,780
2,650
2,550

976
714

3,840
2,020

459
416

1,420
614
940
380
282
101

14
320

Average
Hydraulic
Residence
Time-1993'

27.5
9.6
6.8

11.4
12.9
3.6
9.6

19.5
9.7

12.7
34.0

249.4
162.2
109.4

5.6
38.5

341.3
403.5
173.5
98.8

291.3
228.0

33.1
156.2
328.7

14.4
185.7
253.9
616.2
201.7

CY 1993
Reservoir

Flow
(cfs)

52,097
48,566
47,236
46,264
39,691
34,092
32,887
26,145
18,897
4,764
6,159d

4,124
4,604
6,490
2,423
2,477

972
711

4,126
2,154

405
376

1,296
623
813
337
255

90
9

275

I Measurements based on normal maximum pool.
b Tennessee River and Reservoir System Operation and Planning Review, Final EIS, TVAIRDG/EQS-91/I, 1990.

Major/minor arms of reservoir.
d Estimated flow based on releases from Chilhowee Dam (POR avg. = 4770cfs), and adjusted based on the additional drainage area between

Chilhowee Dam (1977 sq miles) and Tellico Dam (2627 sq miles).
Estimated based on difference between normal maximum summer pool and average minimum winter pool elevations.
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CHARACTERISTICS OF VITAL SIGNS RESERVOIRS 
Average 

Average Average Hydraulic CY 1993 
Drainage Reservoir Surface Depth Annual Reservoir Residence Reservoir 

Reservoir Area Length" Area" at Dam" Volume" Drawdownb Flow-POR Time-I993" Flow 
Name (§g. miles) (miles) (acres) -lID. (ac-ft} -illl.. {cfs} J!!ml.. .M& 

1000's 1000's 
Run-<>f-the-River Reservoirs 

Kentucky 40,200 184.3 160.3 88 2,839 5 66,600 27.S 52,097 
Pickwick 32,820 52.7 43.1 84 924 6 54,900 9.6 48,566 
Wilson 30,750 15.5 15.5 108 634 3 51,500 6.8 47,236 
Wheeler 29,590 74.1 67.1 66 1,050 6 49,400 11.4 46,264 
Guntersville 24,450 75.7 67.9 6S 1,018 2 40,700 12.9 39,691 
Nickajack 21,870 46.3 10.4 60 241 0 35,900 3.6 34,092 
Chickamauga 20,790 58.9 35.4 83 628 7 34,200 9.6 32,887 
Watts Bar 17,300 72.0/24.0" 39.0 105 1,010 6 27,100 19.5 26,145 
Fort Loudoun 9,550 50.0 14.6 94 363 6 18,400 9.7 18,897 
Melton Hill 3,343 44.0 5.7 69 120 0 4,920 12.7 4,764 
Tellico 2,627 33.2 16.5 80 415 6 6,3W 34.0 6,15~ 

I 
Tributary, Storage Reservoirs 

0\ Norris 2,912 73.0/53.0" 34.2 202 2,040 32 4,190 249.4 4,124 
0\ Cherokee 3,428 54.0 30.3 163 1,481 28 4,460 162.2 4,604 I 

Douglas 4,541 43.1 30.4 127 1,408 48 6,780 109.4 6,490 
Ft Patrick Henry 1,903 10.4 0.9 81 27 0 2,650 5.6 2,423 
Boone 1,840 17.4/15.3c 4.3 129 189 25 2,550 38.5 2,477 
South Holston 703 23.7 7.6 239 658 33 976 341.3 972 
Watauga 468 16.3 6.4 274 569 26 714 403.5 711 
Fontana 1,571 29.0 10.6 460 1,420 64 3,840 173.5 4,126 
Hiwassee . 968 22.2 6.1 255 422 45 2,020 98.8 2,154 
Chatuge 189 13.0 7.0 124 234 10 459 291.3 405 
Nottely 214 20.2 4.2 167 170 24 416 228.0 376 
Ocoee #1 (parksville) 595 7.5 1.9 115 85 7 1,420 33.1 1,296 
Blue Ridge 232 11.0 3.3 156 193 36 614 156.2 623 
Tims Ford 529 34.2 10.6 143 530 12 940 328.7 813 
Bear Creek 232 16.0 0.7 74 10 11° 380 14.4 337 
Cedar Creek 179 9.0 4.2 79 94 14° 282 185.7 255 
Little Bear Creek 61 7.1 1.6 82 45 12" 101 253.9 90 
Beech 16 5.3 0.9 32 11 1° 14 616.2 9 
Normandy 195 17.0 3.2 83 110 11 320 201.7 275 

" Measurements based on normal maximum pool. 
b Tennessee River and Reservoir System Operation and Planning Review, Final EIS, TV AlRDGIEQS-9111, 1990. 
c Major/minor arms of reservoir. 
d Estimated flow based on releases from Chilhowee Dam (pOR avg. = 477Ocfs), and adjusted based on the additional drainage area between 

Chilhowee Dam (1977 sq miles) and Tellico Dam (2627 sq miles). 
C Estimated based on difference between normal maximum summer pool and average minimum winter pool elevations. 



5.0 DISCUSSION

The quality of water in a river system is a result of the quality of water flowing into it

from many sources (e.g., tributary streams, discharges from metropolitan areas, overland runoff) and

the internal physical, chemical, and biological processes which occur within the river. The water

quality of major tributaries to a river is governed by geologic characteristics, rainfall, and human

activities within the watershed.

The Tennessee River originates with the confluence of the French Broad and Holston

Rivers at Knoxville, Tennessee. It receives water from a variety of tributaries reflecting the

geochemical characteristics of the watersheds they drain. For example, the French Broad and Holston

Rivers are nutrient-rich and moderately hard, with greater hardness in the Holston; the Little

Tennessee and Hiwassee Rivers are soft and nutrient-poor; the Clinch River is hard with moderate

nutrients; while the other two large tributaries, the Elk and Duck Rivers, are relatively hard and

nutrient-rich.

Each tributary exerts its influence based on a wide variety of factors, but primarily the

volume of inflow and concentrations of various chemical constituents. Nutrient levels are particularly

important because of their direct influences on algal primary production and indirect influences on

dissolved oxygen.

Just as the characteristics of the Tennessee River are a composite of its major tributaries,

each major tributary has characteristics of its tributaries. Given the widely varying geochemical

attributes and many different types of land use within a watershed, characteristics of streams and

reservoirs vary greatly among major tributary watersheds. These characteristics are further

influenced by the location, design, and operation of dams on streams in the watershed.

This report summarizes results and conclusions from 1993 monitoring activities in the

Tennessee Valley. This chapter (Chapter 5) examines these results from a Valley-wide perspective.

Chapters 6-17 present a watershed-by-watershed perspective for each of 12 delineated drainages that

together comprise the Tennessee Valley. Volume II of this report is a detailed summary of the 1993

monitoring results in each of these 12 watershed areas.
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Chapters 6-17 present a watershed-by-watershed perspective for each of 12 delineated drainages that 

together comprise the Tennessee Valley. Volume II of this report is a detailed summary of the 1993 

monitoring results in each of these 12 watershed areas. 
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5.1 Vital Signs Monitoring
5.1.1 Reservoirs

Reservoirs were divided into two categories for comparative purposes: run-of-the-river

reservoirs (the nine mainstream reservoirs plus the two navigable tributary reservoirs) and the 19

tributary storage reservoirs. The primary differences between these two categories are retention time

and changes in pool level due to winter drawdown; both have a great effect on the aquatic ecosystem.

For comparative purposes, all reservoirs were categorized as good, fair, or poor based on their

respective ecological health evaluations.

Run-Of-The-River Reservoirs-The ecological health of all 11 run-of-the-river reservoirs

rated fair or better in 1993. The score for Fort Loudoun Reservoir (58 percent) was the lowest of the

run-of-the-river reservoirs. This score fell just within the fair range; but low enough to be considered

poor-fair. Three reservoirs rated fair - Tellico (63 percent), Watts Bar (68 percent) and Melton Hill

(68 percent); four rated good - Nickajack (88 percent), Chickamauga (83 percent), Guntersville (78

percent), and Kentucky (75 percent); and the remaining three reservoirs fell close to the break point

used to separate good and fair reservoirs (C..72 percent) - Pickwick (73 percent), Wheeler (72

percent), and Wilson (71 percent).

Figure 5.1 shows an interesting geographical trend to these results. Reservoirs with the

lowest scores were at the upstream end of the Tennessee River, followed by reservoirs with the

highest scores, and then reservoirs with intermediate scores in the downstream portion of the

Tennessee River. There are many factors which in combination result in the observed ecological

conditions, and care must be taken not to oversimplify complex ecosystem dynamics. However, one

obvious consideration would be the nutrient rich waters from the French Broad and Holston Rivers,

coupled with high human population densities in east Tennessee. Together, these create a high

potential for undesirable ecological conditions to exist in the upper Tennessee River. Inputs of fairly

pristine waters from the Little Tennessee River, further supplemented by inflows from Hiwassee

River with low nutrients further downstream, act to dilute the water in the Tennessee River and help

diminish the potential for eutrophic conditions in Chickamauga, Nickajack, and Guntersville

Reservoirs. In the lower half of the Tennessee River, water naturally rich in nutrients flows from the

Elk River to Wheeler Reservoir and from the Duck River to Kentucky Reservoir, stimulating algal

growth and potentially shifting ecological conditions toward a more productive state.

-69-

5.1 vital Sim Monitoring 

5.1.1 Reservoirs 

Reservoirs were divided into two categories for comparative purposes: run-()f-the-river 

reservoirs (the nine mainstream reservoirs plus the two navigable tributary reservoirs) and the 19 

tributary storage reservoirs. The primary differences between these two categories are retention time 

and changes in pool level due to winter drawdown; both have a great effect on the aquatic ecosystem. 

For comparative purposes, all reservoirs were categorized as good, fair, or poor based on their 

respective ecological health evaluations. 

Run-Of-The-Riyer Reservoirs-The ecological health of all 11 run-()f-the-river reservoirs 

rated fair or better in 1993. The score for Fort Loudoun Reservoir (58 percent) was the lowest of the 

run-()f-the-river reservoirs. This score fell just within the fair range; but low enough to be considered 

poor-fair. Three reservoirs rated fair - Tellico (63 percent), Watts Bar (68 percent) and Melton Hill 

(68 percent); four rated good - Nickajack (88 percent), Chickamauga (83 percent), Guntersville (78 

percent), and Kentucky (75 percent); and the remaining three reservoirs fell close to the break: point 

used to separate good and fair reservoirs (2,,72 percent) - Pickwick (73 percent), Wheeler (72 

percent), and Wilson (71 percent). 

Figure 5.1 shows an interesting geographical trend to these results. Reservoirs with the 

lowest scores were at the upstream end of the Tennessee River, followed by reservoirs with the 

highest scores, and then reservoirs with intermediate scores in the downstream portion of the 

Tennessee River. There are many factors which in combination result in the observed ecological 

conditions, and care must be taken not to oversimplify complex ecosystem dynamics. However, one 

obvious consideration would be the nutrient rich waters from the French Broad and Holston Rivers, 

coupled with high human population densities in east Tennessee. Together, these create a high 

potential for undesirable ecological conditions to exist in the upper Tennessee River. Inputs of fairly 

pristine waters from the Little Tennessee River, further supplemented by inflows from Hiwassee 

River with low nutrients further downstream, act to dilute the water in the Tennessee River and help 

diminish the potential for eutrophic conditions in Chickamauga, Nickajack, and Guntersville 

Reservoirs. In the lower half of the Tennessee River, water naturally rich in nutrients flows from the 

Elk River to Wheeler Reservoir and from the Duck River to Kentucky Reservoir, stimulating algal 

growth and potentially shifting ecological conditions toward a more productive state. 

-69-



The four reservoirs with the lowest ecological health scores (Fort Loudoun, Tellico,

Melton Hill, and Watts Bar) had multiple indicators that rated poor or very poor. These were

generally dissolved oxygen, sediment, benthos, and/or fish assemblage. For the three reservoirs

which scored good (Chickamauga, Nickajack, and Guntersville), all ecological health indicators rated

fair or better, except for dissolved oxygen at the inflows to Nickajack and Guntersville Reservoirs.

Scores for the next four reservoirs which scored fair to good (Wheeler, Wilson, Pickwick, and

Kentucky) varied greatly depending upon the number and location of sample sites within the

reservoir. Indicator ratings at sample sites on the Tennessee River portion of each reservoir (i.e., the

main body of the reservoir) were fair or better, except for dissolved oxygen at the Wheeler and

Wilson forebays. Sample sites in major embayments generally had several indicators with poor or

very poor ratings.

Embayments were not monitored prior to 1993. Four of the largest embayments in the

Tennessee Valley were included in 1993 monitoring activities--Big Sandy River embayment on

Kentucky Reservoir, Bear Creek embayment on Pickwick Reservoir, Elk River embayment on

Wheeler Reservoir, and Hiwassee River embayment on Chickamauga Reservoir. All four

embayments have surface areas of about 5000 acres (about 2000 hectares) or greater and local

drainage areas greater than 500 square miles (1295 km2). Water quality characteristics within an

embayment and the resulting ecological health conditions are largely controlled by factors within the

embayment's immediate watershed and the rate of water exchange between the embayment and the

main body of the reservoir. The Hiwassee and Elk River embayments have substantial flow through

them. The Big Sandy and Bear Creek embayments have much smaller inflows and less water

exchange with the main body of the reservoir.

Results from the Hiwassee River and Elk River embayment sites substantiate the above

discussion of the potential for inflows from these rivers to affect conditions in the Tennessee River.

All five ecological indicators rated good or excellent in the Hiwassee embayment. Three ecological

health indicators were poor or very poor, one fair and one good in the Elk River embayment.

Inclusion of monitoring results from embayments had a substantial effect on reservoir

health ratings for three of the reservoirs compared to previous years. For example, Kentucky

Reservoir rated good (75 percent) in 1993, lower than the 1992 rating, when Kentucky had the best

rating (88 percent) of all reservoirs examined. The primary factor responsible for this decrease was

addition of the sample site in Big Sandy River embayment. If results from the Big Sandy River

embayment were excluded from the overall reservoir score, the revised rating (83 percent) would be
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similar to that observed for 1992. Pickwick Reservoir had an ecological health rating of 73 percent

for 1993. However, if the Bear Creek embayment information were deleted, the reservoir score

would be 80 percent. A similar situation is true for Wheeler. The overall health rating for Wheeler

would change from 72 percent to 82 percent if results from the Elk River embayment were excluded.

Interestingly, the overall ecological health score for Chickamauga Reservoir would change little if

results from the site in Hiwassee River embayment were excluded (i.e., 83 percent with and 81

percent without).

Another factor which lowered ecological health scores in the run-of-the-river reservoirs in

1993 was relatively low dissolved oxygen during summer 1993. Extreme summer weather in 1993

caused record high water temperatures and low DO in much of the Tennessee River. Special dam

operations and water releases to reduce impacts from these conditions were started as soon as the low

DO conditions were detected. Special monitoring showed these releases improved DO concentrations.

However, DO concentrations were lower than in previous years causing lower scores for the overall

health rating. (See Chapter 4, Hydrologic Overview of 1993, for additional detail.)

The ecological health score for one other reservoir (Tellico) changed substantially from

previous years. The rating was 63 percent (fair) for 1993 compared to 48 percent in 1992 and 44

percent in 1991 (both poor). The primary causes of the higher score were better ratings for DO at

the forebay (mostly the result of an improved, more accurate method of calculating the score for this

indicator) and addition of information from the transition zone collection site which was relocated in

1993. The change in DO scoring resulted in forebay DO being rated fair in 1993; it had previously

been rated poor. Two indicators, chlorophyll and DO, received excellent ratings at the new transition

zone site; and the other three indicators rated poor. The higher ecological health score for 1993 is

considered to be more representative of the true environmental conditions in Tellico Reservoir than

scores in previous years.

Tributary Reservoirs--Monitoring on tributary reservoirs was not fully implemented until

1993. The number of tributary reservoirs included in Vital Signs monitoring expanded from three in

1990 to 19 in 1993. Also, the number of ecological health indicators expanded in 1993 when

sediment quality and benthic macroinvertebrates were sampled for the first time on tributary

reservoirs. Sample design for tributary reservoirs specifies less intensive monitoring for water

chemistry constituents (most notably nutrients) than on the run-of-the-river reservoirs because of the

more static nature of water within tributary reservoirs. Monitoring efforts for other ecological
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indicators (chlorophyll, sediment, benthos, and fish) were the same on both run-of-the-river and

tributary reservoirs for the first time in 1993.

The ecological health evaluations for the tributary reservoirs are more tentative than for the

run-of-the-river reservoirs. The data base generally is quite small, and our understanding of how to

weigh and integrate results from various ecological health indicators is still in development.

A problem associated with evaluating the ecological health of tributary reservoirs is the

individuality of each reservoir. There is substantial variation in physical characteristics (depth,

shoreline development, area, length), reservoir operations (retention time, drawdown, depth of

outflow, etc.), watershed geochemistry, and land use. This individuality makes it difficult to establish

reference or expected conditions, against which to rate the observed ecological characteristics as

good, fair, or poor ecological health. (See Section 3.1 for additional discussion.)

Two attributes, long retention times and deep drawdowns, of tributary reservoirs

particularly are significant. Long retention times create high potential for thermal and chemical

stratification. As solar warming occurs in upper strata during spring and summer, bottom strata

remain cold, and thermal stratification develops. If oxygen demand is sufficient, which is the

typically the case, anoxia occurs in the bottom waters. Under these conditions, iron and manganese

become more soluble, and their concentrations increase. If anoxia continues long enough, high levels

of ammonia and sulfide also can develop. These conditions cause stresses to aquatic life and result in

low ecological health ratings.

Deep drawdowns of the pool during winter, sometimes below the elevation of the summer

thermocline, also have a pronounced effect on aquatic systems of tributary reservoirs. For example:

(1) stable shoreline habitats cannot develop or persist; (2) benthic substrates in upper riverine reaches

of the reservoir can be covered with sand and silt when the reservoir is fMl but be washed to gravel

or bedrock when the area returns to a riverine environment at winter, low pool elevations; and (3)

spring spawning sites can be left dry or covered with many feet of water depending upon dam

operations during spring filling. Again, these have undesirable ecological effects.

Considering these factors, the ecological health of tributary reservoirs is not expected to be

as good as run-of-the-river reservoirs. Results for 1993 support this expectation. No tributary

reservoir rated good for ecological health, and only two rated fair-to-good. Both Fort Patrick Henry

Reservoir and Blue Ridge Reservoir scored 72 percent, just at the break point used to indicate good

or fair ecological health conditions. Interestingly, Fort Patrick Henry, even though a tributary

reservoir, has retention time and drawdown characteristics like a run-of-the-river reservoir. Blue

-72-

indicators (chlorophyll, sediment, benthos, and fish) were the same on both run-of-the-river and 

tributary reservoirs for the first time in 1993. 

The ecological health evaluations for the tributary reservoirs are more tentative than for the 

run-of-the-river reservoirs. The data base generally is quite small, and our understanding of how to 

weigh and integrate results from various ecological health indicators is still in development. 

A problem associated with evaluating the ecological health of tributary reservoirs is the 

individuality of each reservoir. There is substantial variation in physical characteristics (depth, 

shoreline development, area, length), reservoir operations (retention time, drawdown, depth of 

outflow, etc.), watershed geochemistry, and land use. This individuality makes it difficult to establish 

reference or expected conditions, against which to rate the observed ecological characteristics as 

good, fair, or poor ecological health. (See Section 3.1 for additional discussion.) 

Two attributes, long retention times and deep drawdowns, of tributary reservoirs 

particularly are significant. Long retention times create high potential for thermal and chemical 

stratification. As solar warming occurs in upper strata during spring and summer, bottom strata 

remain cold, and thermal stratification develops. If oxygen demand is sufficient, which is the 

typically the case, anoxia occurs in the bottom waters. Under these conditions, iron and manganese 

become more soluble, and their concentrations increase. If anoxia continues long enough, high levels 

of ammonia and sulfide also can develop. These conditions cause stresses to aquatic life and result in 

low ecological health ratings. 

Deep drawdowns of the pool during winter, sometimes below the elevation of the summer 

thermocline, also have a pronounced effect on aquatic systems of tributary reservoirs. For example: 

(1) stable shoreline habitats cannot develop or persist; (2) benthic substrates in upper riverine reaches 

of the reservoir can be covered with sand and silt when the reservoir is full but be washed to gravel 

or bedrock when the area returns to a riverine environment at winter, low pool elevations; and (3) 

spring spawning sites can be left dry or covered with many feet of water depending upon dam 

operations during spring filling. Again, these have undesirable ecological effects. 

Considering these factors, the ecological health of tributary reservoirs is not expected to be 

as good as run-of-the-river reservoirs. Results for 1993 support this expectation. No tributary 

reservoir rated good for ecological health, and only two rated fair-to-good. Both Fort Patrick Henry 

Reservoir and Blue Ridge Reservoir scored 72 percent, just at the break point used to indicate good 

or fair ecological health conditions. Interestingly, Fort Patrick Henry, even though a tributary 

reservoir, has retention time and drawdown characteristics like a run-of-the-river reservoir. Blue 

-72-



Ridge Reservoir has quite low primary productivity, which, coupled with essentially a full depth

withdrawal from the dam, helps prevent dissolved oxygen problems.

Only one tributary reservoir rated poor. Parksville (Ocoee No. 1) Reservoir scored 52

percent with poor scores for four of the five indicators. Dissolved oxygen had an excellent rating.

This is contrary to expectations for a tributary reservoir, but this reservoir represents an unusual case.

A very low oxygen demand exists in the hypolimnion due to very low primary productivity rates.

The reservoir is recovering from years of pollution problems related to copper mining and industrial

activities at Copperhill. A more thorough discussion of Parksville Reservoir is provided in Section

12.5. Two reservoirs (Normandy and Cedar) scored 56 percent, right at the break point between

poor and fair. Dissolved oxygen was the primary problem in both cases. Of the remaining 14

reservoirs, eight rated near the middle of the fair range and six rated in the fair range just above poor

(Figure 5.2).

Figure 5.2 indicates there were no geographical patterns associated with overall reservoir

scores. No particular watershed had mostly high scoring or low scoring reservoirs. Also, physical

characteristics such as size or depth seemed to have little influence on reservoir score.

The ecological health indicator which was most often associated with low ecological health

scores was DO. As discussed above, this was expected. Poor or very poor DO scores occurred at

one or more sample sites in 13 of the 19 tributary reservoirs sampled. All six tributary reservoirs in

the middle and western part of the Tennessee Valley were in this group, along with seven of the 13

tributary reservoirs in the eastern, mountainous area of the Valley. The six reservoirs in the middle

and western end of the Valley (Tims Ford, Normandy, Bear Creek, Little Bear Creek, Cedar Creek,

and Beech Creek) exhibit strong thermal stratification, generally have high chlorophyll concentrations,

and have substantial agriculture activities in their watersheds. The seven in the eastern end of the

Valley vary greatly in a number of characteristics. Of these, four (Norris, Douglas, Cherokee, and

Nottely Reservoirs) had all or mostly very poor DO ratings, followed by South Holston with one very

poor rating and Boone and Fontana with only one poor rating and no very poor ratings.

Of the six reservoirs with fair, good, or excellent DO scores, two were in the Holston

watershed (Fort Patrick Henry and Watauga), and four were in the Hiwassee watershed (Hiwassee,

Chatuge, Blue Ridge, and Parksville). All except Fort Patrick Henry had relatively low nutrient and

chlorophyll concentrations (most with seasonal chlorophyll averages below 3.0 ug/L). Although Fort

Patrick Henry had high chlorophyll values, lack of stratification and short retention time helped

maintain good DO concentrations.
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In most cases, reservoirs with poor DO concentrations would be expected to have poor

benthic macroinvertebrate communities. This was true for seven of the 13 reservoirs with DO

problems. Interestingly, the remaining six reservoirs with poor DO had fair, good, or even excellent

benthos scores. Norris and Cherokee Reservoirs in east Tennessee and Little Bear Creek, Cedar

Creek, and Beech Creek Reservoirs in the western end of the Valley had very poor DO scores, yet

fair benthic macroinvertebrate communities. Bear Creek, also in the western end of the Valley, had a

very poor DO score yet an excellent benthos score. These results and their potential implications are

difficult to interpret with only one year of benthic macroinvertebrate data available. Additional

monitoring results should help clarify these results. An initial interpretation is that the benthic

community is able to recover quickly between autumn reoxygenation of bottom sediments and sample

collection the following spring. Another possibility is that some of the samples collected along the

transect were above the oxygen-stressed stratum. Results from individual samples suggest both

factors may have contributed to the observed ratings.

Just as reservoirs with poor DO ratings typically would be expected to have poor benthos,

reservoirs with good DO levels would be expected to have a good benthos community, unless some

other factor was negatively influencing the benthos. This was the case on Watauga, Hiwassee, and

Parksville Reservoirs. All had fair to excellent DO scores yet all had poor or very poor benthic

macroinvertebrate communities. Poor scores for Parksville Reservoir were not surprising, given the

problems that reservoir has experienced over the years from upstream mining activities. Results for

the other two reservoirs were unexpected. Acute toxicity to at least one test animal was observed in

all three reservoirs. More detailed assessment efforts would be required to determine whether there is

a real relationship between the apparent toxicity and poor benthic communities. Results from

additional monitoring in 1994 will be examined closely to determine whether more detailed

assessments should be planned.

5.1.2 Streams
Twelve of the major Tennessee River tributaries were included in Vital Signs Stream

Monitoring in 1993 (Table 2.2). Six additional streams will be monitored beginning in 1994.

Results for 1993 showed a wide range of ecological conditions among the 12 streams.

Three, Clinch, Powell, and Little Tennessee Rivers, had the highest possible scores for all four

ecological health indicators (nutrients, sediment, benthic macroinvertebrates, and fish community).
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Twelve of the major Tennessee River tributaries were included in Vital Signs Stream 

Monitoring in 1993 (Table 2.2). Six additional streams will be monitored beginning in 1994. 

Results for 1993 showed a wide range of ecological conditions among the 12 streams. 

Three, Clinch, Powell, and Little Tennessee Rivers, had the highest possible scores for all four 

ecological health indicators (nutrients, sediment, benthic macroinvertebrates, and fish community). 

-74-



The lowest score (50 percent) was for the French Broad River where nutrients and fish rated poor,

benthos rated fair, and sediments rated good.

Scores for the remaining eight streams were evenly distributed within this range. The

Emory and Hiwassee Rivers had good overall scores (90 and 88 percent, respectively) with fair

ratings for benthos, the only indicator rating less than the maximum ,score at each stream. The

Nolichucky and Sequatchie Rivers also rated good with scores of 80 percent each. At both streams,

two indicators rated good and two fair. Three streams rated fair (Duck River-70 percent, Bear

Creek-70 percent, and Holston River-68 percent). High nutrient concentrations on the Duck and

Holston Rivers caused a poor rating for nutrients; the other three indicators rated fair or good. The

lower score for Bear Creek was due to most indicators rating fair, rather than due to any indicator

rating poor. Ratings for the remaining stream, Elk River, must be used conservatively because only

three indicators were monitored in 1993. The fish community was not sampled in 1993. The overall

score for the other indicators was 60 percent; nutrients rated poor, benthos fair, and sediment good.

The fish community will be sampled in 1994.

The ecological health indicator that rated poor most often was nutrients. Four streams

(Duck, Elk, Holston, and French Broad Rivers) received poor ratings for nutrients. Bear Creek and

the Nolichucky River received a fair rating for nutrients and the remaining six streams rated good.

All of these results were expected based on individual watershed characteristics.

5.2 Use Suitability Monitoring

5.2.1 Bacteriological Studies

Fifty-nine designated swimming beaches, 12 informal swimming areas, and 14 canoe

launching or landing sites were sampled in 1993. All of the designated swimming beaches and

informal swimming areas and eight of the canoe access sites met the regulatory criterion of having

geometric mean concentrations of fecal coliform bacteria less than 200/100 mL if rainfall samples

were excluded. Two swimming beaches, one each on Tims Ford and Watts Bar Reservoirs, and the

canoe site sampled on the Elk River, slightly exceeded the criterion when rainfall samples were

included. The four access sites on the Duck River exceeded the geometric mean criterion for both

rainfall and nonrainfall samples.

Thirty-five nonrecreation sites were also sampled to provide generic bacteriological water

quality data on Wilson, Guntersville, Nickajack, Fort Loudoun, Norris, Douglas, Cherokee,

Fort Patrick Henry, Boone, South Holston, and Watauga Reservoirs; four sites were sampled on the
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Duck, Clinch, and South Holston Rivers; and three sites on Spring, Beidleman, and Thomas Creeks.

All but one reservoir site (Nickajack) and two stream sites (Beidleman and Thomas Creeks) met

recreation criteria.

A comparison of the results of this survey with surveys in 1974, 1986, and 1989 through

1992 shows bacteria concentrations in 1974 and 1993 were similar, and lower than during the other

years. The differences are probably caused by different weather conditions and sampling methods

rather than reflecting long-term changes in bacteriological water quality.

Fecal coliform samples were taken in conjunction with Vital Signs monitoring activities on

the 11 run-of-the-river reservoirs from April through September 1993. Fifteen of the 155 samples

analyzed had concentrations greater than the normal detection limit of 10/100 mL, seven exceeded

100/100 mL. No location had more than one sample exceed 100/100 mL.

The results of studies summarized above are consistent with previous surveys. Fecal

coliform concentrations were generally lower in 1993 due to lower than normal summer rainfall.

Bacteriological water quality in most areas of TVA reservoirs is good. In streams it is much poorer,

especially after rainfall.

5.2.2 Fish Tissue Studies

Availability of results for fish tissue studies is usually delayed because of the intricate

laboratory procedures required to analyze fish tissue samples. This process usually takes several

months; so results for samples collected in autumn usually are not available until the next spring.

Results in this report are for fish collected during summer and autumn 1992. Additional fish were

collected in summer and autumn 1993 but results were not available in time to be included in this

report.

ScrnngSudie-Results of screening studies in 1992 did not indicate any new reservoirs

or streams in need of intensive investigations. Two streams and six reservoirs had at least one analyte

slightly elevated indicating a need to resample in autumn 1993 at the screening level. Streams

included the Emory River (PCB concentration in channel catfish 1.1 /ig/g) and the Holston River

(mercury concentration in largemouth bass 0.57 jg/g). Reservoirs included Pickwick (DDTr

2.5 Ag/g), Bear Creek (mercury 0.45 /zg/g), Little Bear Creek (mercury 0.56 lzg/g), Norris

(PCBs 0.9 /g/g), Fontana (PCBs 1.1 ug/g and mercury 0.53 /g/g), and Cherokee (PCBs 0.8 'g/g).

Although most reservoirs had multiple sites sampled, an elevated concentration of an analyte at any

site would cause that reservoir to be included in this list.
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All sites listed above were resampled in autumn 1993 for the same fish species. In

addition, because several tributary reservoirs had somewhat elevated mercury concentrations, efforts

in autumn 1993 were directed at better evaluating this condition by analyzing both channel catfish, the

species typically used as the indicator, and largemouth bass, a top predator which would be expected

to have higher mercury concentrations than catfish.

Intensive Studies--Six TVA reservoirs (Wheeler, Nickajack, Watts Bar, Fort Loudoun,

Melton Hill, and Parksville) were examined intensively in 1992. Intensive studies are conducted on

reservoirs where a contaminant problem is known or suspected. PCBs was the contaminant of

interest on all these reservoirs, except Wheeler, where DDTr (total DDT) is the problem. Chlordane

was also of interest in some of these reservoirs. Fish consumption advisories which recommend

either limiting the quantity of fish eaten or avoiding any consumption are in effect for all six

reservoirs except Parksville. These advisories issued by the Tennessee Department of Environment

and Conservation and by the Alabama Department of Public Health are based in part on the results of

these studies.

Results from autumn 1992 collections indicated somewhat lower concentrations of DDTr in

fish from Wheeler Reservoir and PCBs in fish from Nickajack Reservoir. Lower concentrations in

one year should not be interpreted as a significant decrease in contaminant concentration. Previous

results have shown substantial year-to-year variability. The long-term study on Watts Bar Reservoir

identified substantially lower PCB concentrations in 1989 and 1990 than in previous years.

Subsequent results for 1991 and 1992 returned to the higher concentrations of previous years. For

this reason, comparable studies were repeated on these reservoirs in autumn 1993.

Results of 1992 fish tissue samples from Watts Bar, Fort Loudoun, and Melton Hill

Reservoirs generally fell within the range observed in previous years. Likewise, limited results for

Tellico Reservoir fell within historical ranges.

Screening studies on Parksville (Ocoee No. 1) Reservoir over the past several years have

found PCB concentrations near the level used by the state of Tennessee to issue a "Limit

Consumption" advisory. As a result, TVA and the state designed and conducted a more detailed

sampling of fish from there in autumn 1992. Results of the 1992 effort confirmed previous results of

relatively high PCB concentrations in channel catfish - the average of ten fish was 1.5 ug/g at the

forebay and 1.0/ug/g at an upper reservoir location. Largemouth bass were also examined and found

to have lower concentrations than catfish--averages at the two sites were 0.6 and 0.7 ug/g,
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respectively. Bluegill sunfish and rainbow trout composites from these areas had low concentrations.

There had been no action taken on these results at the time this report was prepared.

-78-

respectively. Bluegill sunfish and rainbow trout composites from these areas had low concentrations. 

There had been no action taken on these results at the time this report was prepared. 

-78-



Figure 5.1 Overall Ecological Health of Run-of-the-River Reservoirs in the Tennessee Valley in
1993. (Ecological Health Indicators are shown as a proportion of their contribution to the overall score for each reservoir.)
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1993. (Ecological Health Indicators are shown as a proportion of their contribution to the overall score for each reservoir.) 
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Figure 5.2 Overall Ecological Health of Tributary Reservoirs in the Tennessee Valley in 1993.
(Ecological Health Indicators are shown as a proportion of their contribution to the overall score for each reservoir.)
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6.0 KENTUCKY RESERVOIR WATERSHED

The Kentucky Reservoir watershed area includes all streams flowing into the Tennessee

River downstream of Pickwick Landing Dam at Tennessee River mile (TRM) 206.7 to the confluence

of the Tennessee River with the Ohio River. The one exception is the Duck River which is

considered a separate watershed. The Kentucky Reservoir watershed area is relatively large (4590

square miles) and has an average annual discharge of about 66,600 cfs. Of that, about 82 percent

(54,000 cfs) comes into Kentucky Reservoir from Pickwick Landing Dam. The Duck River supplies

about 6 percent (4075 cfs), with the remaining 11 percent coming from local inflows.

Kentucky Reservoir is the dominant feature of this watershed. There are four monitoring

sites on Kentucky Reservoir--forebay, transition zone, inflow, and Big Sandy River embayment

(Figure 6.1 and Table 2.1). Information from 1993 monitoring activities on Kentucky Reservoir is

provided in Section 6.1.

The watershed also includes the seven small reservoirs on the Beech River. The largest,

Beech Reservoir, is the only one included in Vital Signs monitoring. Given its small size, the forebay

is the only site monitored (Figure 6.1). Monitoring information for Beech Reservoir for 1993 is in

Section 6.2.

There were no stream monitoring sites in this watershed in 1993. Beginning in 1994, a

site will be established on the Clarks River for monitoring biological conditions.
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Figure 6.1 Map of the Kentucky
Reservoir Watershed Showing
Reservoir Monitoring Sites in
1993.
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6.1 Kentucky Reservoir

Physical Description

Kentucky Reservoir is the largest reservoir on the Tennessee River. The dam is located at

Tennessee River Mile (TRM) 22.4, and the reservoir extends 184 miles upstream to Pickwick Dam at

TRM 206.7. At full pool the surface area is 160,300 acres, and the shoreline is 2280 miles.

Average annual discharge is about 66,600 cfs, which provides an average hydraulic retention time of

about 22 days. Additional information about Kentucky Reservoir is provided in Table 4.1.

The Duck River, a major tributary to the Tennessee River (and Kentucky Reservoir),

provides about 6 percent of the total flow through Kentucky Reservoir. The confluence of the Duck

River with the Tennessee River is at TRM 110.7.

The transition zone sample location was moved prior to the 1992 sample season from

TRM 112.0 to TRM 85.0. Results for 1990 and 1991 at TRM 112.0 indicated that location was

more representative of a riverine environment than a transition environment. The 1992 and 1993

results indicate the new transition zone site is correctly located.

Vital Signs monitoring was expanded in 1993 to include a sample site in four of the largest

embayments in the Tennessee Valley. One, the Big Sandy River embayment on Kentucky Reservoir,

is the largest embayment in the Tennessee Valley. It covers 15,238 surface acres and has over 93

miles of shoreline. Because its watershed is only 629 square miles, there is very little water

exchange.

Ecological Health

The ecological health of Kentucky Reservoir rated good (75 percent) in 1993. This is

lower than the ecological health index for 1992, when Kentucky had the best rating (88 percent) of all

reservoirs examined. It is also lower than the overall rating in 1991. Primary factors responsible for

this decrease were lower dissolved oxygen (DO) concentrations due to the hot, dry summer of 1993,

and the addition of a sample site in Big Sandy River embayment. If results for the sample site in Big

Sandy embayment were excluded from calculating the overall reservoir score, the revised rating (83

percent) would be similar to that observed for 1992.

The transition zone was the best of the four sites examined in 1993. All ecological health

indicators (DO, chlorophyll-a, sediment quality, benthos, and fish) rated good or excellent at that site.

The site in the Big Sandy embayment approached the other extreme. Three indicators rated poor or
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very poor: chlorophyll because of high concentrations, sediment quality because of high ammonia

and toxicity to test organisms, and fish assemblage because of low fish abundance and species

richness. No indicators at the other two sites (forebay and inflow) rated poor or very poor.

Aquatic plants covered about 3465 acres in 1993 compared to about 2600 acres in 1992

and 2800 in 1991. Most plants were found around islands and shallow embayments downstream of

the Duck River.

Reservoir Use Suitability

Use Suitability monitoring activities did not identify any impairments on Kentucky

Reservoir in 1993. Twenty-four recreation sites have been sampled for fecal coliform bacteria one or

more times on Kentucky Reservoir since 1989. None has exceeded the geometric mean criteria for

recreation. In 1992 three sites exceeded one of EPA's recommended guidelines--more than 10

percent of the samples had fecal coliform concentrations greater than 400/100 mL. In 1993 these

three sites were resampled, and all met the EPA guideline. Fecal coliform bacteria concentrations

have been very low at the Vital Signs locations sampled since 1990.

Examination of channel catfish fillets in autumn 1992 from six locations between Kentucky

and Pickwick Dams found only low levels of heavy metals and pesticides at all locations. The only

analyte high enough to be of interest was lead at 0.6/ag/g at one location in 1992. Similar

concentrations have been found sporadically in previous years, but there has been no pattern in space

or time.
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6.2 Be ch Reservoir

Physical Description

Beech Reservoir, the largest of seven small flood control projects on the Beech River

system in western Tennessee, is formed by Beech Dam at Beech River mile 35.0. Beech Reservoir is

only 5.3 miles long and averages only about 12 feet deep. It has no hydropower generating facilities,

but is the primary source of water for the city of Lexington. The reservoir is an urban lake with

considerable residential lakefront development. Consequently, it receives a large amount of

recreational use relative to its small size (about 900 acres). Discharge from Beech Dam averages

only about 14 cfs per day, resulting in a long hydraulic residence times of 300 to 400 days.

Reservoir Healt

During 1991 and 1992 only water quality monitoring was conducted in Beech Reservoir.

The 1991 and 1992 data indicated poor ecological health in Beech Reservoir, as evidenced by very

low concentrations of dissolved oxygen and high chlorophyll-a concentrations.

In 1993 four of the five ecological health indicators (algae, dissolved oxygen, sediment

quality, and benthos) were sampled on Beech Reservoir. Overall, the ecological health rated fair (65

percent). Chlorophyll rated excellent (at the upper end of the mesotrophic range), below observed

concentrations during 1991 and 1992. As expected, DO rated very poor. Sediment quality rated

good and benthic macroinvertebrates rated fair. The fish assemblage will be added to the sampling

regime in 1994.

Reservoir Use Suitability

No bacteriological studies were conducted in 1993. Fecal coliform concentrations were

low at the swimming beach in 1990. There are no fish consumption advisories on Beech Reservoir.

Fish tissue samples have not been collected by TVA from this reservoir.
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7.0 DUCK RIVER WATERSHED

The Duck River Watershed includes all streams flowing into the Duck River. It has an

area of 3500 square miles and an average annual discharge of 4075 cfs to Kentucky Reservoir on the

Tennessee River. The Duck River basin is underlain almost entirely by limestone, or phosphatic

limestone; consequently, waters in the streams draining this basin are fairly hard and contain large

concentrations of minerals. Large deposits of phosphate ores permit phosphate mining and refining

operations in the basin. Phosphate concentrations in surface and groundwater are significantly higher

than in most of the Tennessee Valley. The soils are thin with limestone outcrops at the surface in

many places, and sinkholes are common throughout the watershed.

Normandy Reservoir is the only reservoir in this watershed. This is a relatively small

reservoir and only the forebay is included in the Vital Signs monitoring program (Figure 7.1).

There is one stream monitoring site on the Duck River at mile 26.0 (Figure 7.1).

Information from monitoring activities on Normandy Reservoir and the Duck River are in

Sections 7.1 and 7.2, respectively.
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Figure 7.1 Map of the Duck River Watershed
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7.1 Normandy Reservoir

Physical Description

Normandy Reservoir is formed by Normandy Dam at Duck River mile (DRM) 248.6.

Normandy Reservoir, constructed primarily for flood control and water supply, has a drainage area of

195 square miles and no electric power generation capacity. One of TVA's smaller reservoirs,

Normandy at full pool elevation has about 3200 surface acres, 73 miles of shoreline, and about

17 miles of impounded backwater. The reservoir has an average depth of about 35 feet and an

average annual drawdown of about 11 feet. The average annual discharge from Normandy Dam is

about 320 cfs, providing an average annual retention time of about 175 days.

Ecologic Halth a

The ecological health of Normandy Reservoir rated poor-fair (56 percent) in 1993. Vital

Signs monitoring previously had not been conducted on this reservoir, although several special studies

had been completed. As expected, DO conditions were among the poorest observed on any Vital

Signs reservoir in 1993. DO rated very poor because anoxia existed, 77 percent of the cross-sectional

bottom length had DO concentrations < 2.0 mg/L, and 48 percent of the cross-sectional area had DO

levels < 2.0 mg/L. Sediment quality rated poor due to high levels of ammonia and toxicity to test

animals. Benthic macroinvertebrates also rated very poor, likely due to such poor bottom conditions.

Based on past studies, there was concern about very high levels of primary productivity in

Normandy Reservoir. Sampling in 1993 did not find this to be the case. Chlorophyll rated good at

the forebay sample location because the annual average chlorophyll concentration was within the

mesotrophic range, and no single sample had a very high chlorophyll concentration.

The other indicator, fish assemblage, rated excellent. Normandy Reservoir had one of the

best fish assemblages examined on tributary reservoirs in 1993. Most of the 12 metrics received the

highest possible score.

Reservoir Use Suitability

Fecal coliform samples were collected at two swimming beaches and three boat ramps in

1992. While concentrations were low at the boat ramps, several samples were high at each of the

beaches, although the geometric means were well within recreation criteria. The two beaches were

sampled again in 1993. Fecal coliform concentrations were much higher, but the geometric means
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were still within criteria. Local geese populations are the probable source of the high bacteria

concentrations.

There are no fish consumption advisories on Normandy Reservoir. A composite sample of

channel catfish collected from the forebay in autumn 1992 was screened for pesticides, PCBs, and

selected metals. All analytes were either not detected or found in only low concentrations.
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7.2 Duck River Stream Monitoring Site

Physical Description

The Duck River flows westward from its headwaters in northwestern Coffee County,

Tennessee, for more than 280 miles through the Nashville basin and Highland Rim physiographic

provinces in middle Tennessee to meet the Tennessee River. The basin is approximately 125 miles

long and 30 miles wide and drains 3500 square miles.

The stream monitoring location is at the USGS stream gage above Hurricane Mills,

Tennessee. The Duck River basin above Hurricane Mills is 2557 square miles or 73 percent of the

entire Duck River basin. Principal tributaries in the monitored area include the Piney River (223

square miles), Big Swan Creek (155 square miles), Lick Creek (101 square miles), and Big Bigby

Creek (129 square miles) which drain the Highland Rim province; and Rutherford Creek (116 square

miles), Fountain Creek (103 square miles), Big Rock Creek (121 square miles), and Garrison Fork

(130 square miles) which drain the Nashville Basin. Normandy Dam forms the only major

impoundment located on the upstream reach of the Duck River stream monitoring site.

A principal tributary that flows into the Duck River below the stream monitoring location

is the Buffalo River that drains 764 square miles (22 percent of the Duck River basin). The Buffalo

River basin lies entirely within the Highland Rim province and the streams generally contain low

concentrations of dissolved minerals.

Ecological Health

The stream monitoring site on the Duck River showed generally fair ecological health in

1993, similar to 1992. This was driven by high phosphorus concentrations and fair conditions for the

fish community. Sediment quality and the benthic macroinvertebrate community both rated good, an

improvement over 1992 observations. Undesirable conditions at this site included extensive bank

erosion and unstable bottom substrate conditions. Although the Duck contributes only about 6.5

percent of the total flow of Kentucky Reservoir under average flow conditions, it can contribute

significant amounts of nutrients and sediment to the reservoir.
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Use Suitability

A reach of the Duck River from 3.5 to 7.1 miles downstream of Normandy Dam was

found to greatly exceed bacteriological criteria for water contact recreation in 1993, probably due to

dairies.

All metal and organic analytes in fish tissue samples were not detected or found in low

concentration.
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8.0 PICKWICK RESERVOIR - WILSON RESERVOIR WATERSHED

Pickwick Reservoir and Wilson Reservoir on the Tennessee River are the most notable

features of this drainage area. Only a small part of the flow leaving this watershed actually originates

within the watershed itself. The average annual discharge from Pickwick Dam is 54,900 cfs. Of

that, 49,500 cfs (90 percent) is the discharge from Wheeler Dam into Wilson Reservoir. About 2100

cfs enters Wilson Reservoir through local tributaries and about 3400 cfs originates in tributaries to

Pickwick Reservoir. The streams within this watershed drain an area of about 3230 square miles.

The largest tributaries are Bear Creek, a tributary to Pickwick Reservoir with a drainage area of about

945 square miles, and Shoal Creek, a tributary to Wilson Reservoir, with a drainage area of about

445 square miles.
Four small reservoirs were built on Bear Creek in the late 1970s and early 1980s for flood

control and recreation. These are Bear Creek, Little Bear Creek, Cedar Creek, and Upper Bear

Creek Reservoirs.

Reservoir monitoring activities occur at the forebay, transition zone, and inflow on

Pickwick Reservoir and at the forebay and inflow on Wilson Reservoir (Figure 8.1). Wilson is

relatively short and has no definable transition zone. Because of their smaller size, only the forebays

of Bear Creek, Little Bear Creek, and Cedar Creek Reservoirs are monitored. No monitoring

activities are conducted on Upper Bear Creek because of TVA's program to destratify and oxygenate

water in the forebay.

The only stream monitoring site is on Bear Creek at Bear Creek mile 27.3. Results for

1993 reservoir and stream monitoring activities within this watershed are provided in the following

sections:

8.1 Pickwick Reservoir

8.2 Wilson Reservoir

8.3 Bear Creek Reservoir

8.4 Little Bear Creek Reservoir

8.5 Cedar Creek Reservoir

8.6 Bear Creek Stream Monitoring Site
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8.1 Pickwick Reservoir

Physical Description

Pickwick Reservoir is immediately upstream of Kentucky Reservoir on the Tennessee

River. Pickwick Dam is located at TRM 206.7. Like the rest of the mainstream, run-of-the-river

reservoirs, Pickwick is much shorter (53 miles long) and smaller (43,100 acres and shoreline of 496

miles) than Kentucky Reservoir. Average annual discharge is about 55,000 cfs, which provides an

average hydraulic retention time of about eight days. Additional information about reservoir

characteristics is in Table 4.1.

A major tributary, Bear Creek, joins the Tennessee River in Pickwick Reservoir at about

mile 225. Bear Creek provides, on the average, about 2.5 percent of the flow through Pickwick

Reservoir.

Reservoir Monitoring activities were expanded on Pickwick Reservoir in 1993 to include a

Vital Signs monitoring site in Bear Creek embayment. This rather large embayment (7200 acres)

extends from the mouth of Bear Creek upstream about 17 miles to the point where flow is not

affected by backwater from Pickwick Dam.

The ecological health of Pickwick Reservoir was fair to good in 1993 (73 percent), similar

to 1992 and 1991. All ecological health indicators rated between fair and excellent at all locations,

except chlorophyll, which rated very poor (indicating high algal productivity) at the new sample site

in Bear Creek embayment. There was a general decline in DO conditions throughout the reservoir in

1993 with DO rated fair to good at all locations. In 1992 DO was good to excellent at all locations.

Summer 1993 was characterized by low rainfall, low flows, and high temperatures, hence lower DO

concentrations were expected.

Conditions at the transition zone improved in 1993 for chlorophyll and sediment quality.

Sediments contained lower mercury concentrations than in previous years; however, concentrations

were still slightly above background. Although chlorophyll concentrations were in the fair range in

1993 (because of relatively high average concentrations), this was an improvement over 1992 when

concentrations were even higher.

Benthic macroinvertebrates at the inflow location, downstream of Wilson Dam, were

improved in 1993, rating excellent as compared to fair in 1992 and poor in 1991. The improvement
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between 1991 and 1992 was partly due to an improved evaluation system and partly due to actual

improvements in the health of the community of bottom animals. The 1993 results indicate continued

improvements in the benthos.

At the forebay, the fish assemblage evaluation has shown substantial variation from year to

year. The rating was good in 1991, poor in 1992 (very few fish collected), and good in 1993.

Interestingly, a low number of fish were collected from this location by electrofishing in 1993, yet an

abundance of fish were collected by gill netting. The 1992 rating was based only on electrofishing

results, whereas the 1993 rating was based on results from' both techniques. Overall, there appeared

to be little change in the fish assemblage among years.

The new sample site in Bear Creek embayment had one very poor indicator (chlorophyll-

too high), three fair indicators (DO-zero on bottom; sediment-toxicity to test organisms; benthos-

mostly tolerant organisms present), and one good indicator (fish). Of the four sites sampled on

Pickwick Reservoir in 1993, the Bear Creek embayment site had the poorest ecological health. If

results for this site were deleted from calculating the overall reservoir score' the reservoir score

would be 80 percent.

There were only about 105 acres of aquatic plants on Pickwick Reservoir in 1993, similar

to the 100 acres in 1992.

Reservoir Use Suitability

Use Suitability monitoring did not identify bacteriological nor fish tissue contamination

problems. There are no fish consumption advisories on Pickwick Reservoir based on fish collected

from 1988 through 1992. Concentrations of metals, PCBs, and pesticides in composited catfish fillets

were relatively low except for total DDT concentrations in the fall 1992 inflow sample. Given the

rare occurrence of elevated total DDT concentrations in fish from Pickwick, it is likely that one of the

catfish in the composite came from Wheeler Reservoir, which has a significant, localized DDT

contamination problem. Fecal coliform bacteria concentrations were low at ten swimming areas

sampled in 1993. Bacteria concentrations at the Vital Signs locations sampled since 1990 have been

low.
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8.2 Wilson Reservoir

Physical Description

Wilson Reservoir is quite different from other mainstream Tennessee River reservoirs in

both length and depth. Wilson Dam is located at TRM 259.4 and Wheeler Dam is at TRM 274.9,

providing a length of only 15.5 miles, a shoreline of 154 miles, and surface area of 15,500 acres.

Water depth in the forebay is slightly over 100 feet. This short, deep pool, coupled with the largest
hydroelectric generating plant in the TVA system, provides for short hydraulic retention times (six

days). Average annual discharge from Wilson is 51,500 cfs. Because of the physical characteristics,

design, and operation of Wilson Dam (primarily upper strata withdrawal for hydropower generation),

low DO conditions develop in deeper strata of the forebay during summer months.

Ecological Health

Ecological health of Wilson Reservoir improved somewhat in 1993 compared to 1992 and

1991. Overall, Wilson Reservoir rated fair to good (71 percent) in 1993 compared to 60-70 percent

in previous years. One of the persistent problems in Wilson Reservoir is low concentrations of

dissolved oxygen (< I mg/L) in the forebay during summer months. The problem was more severe

in summer 1993 due to the drought conditions (high temperatures, low rainfall, and low flows).

Anoxia developed near the bottom, and a large proportion of the bottom and water column had DO

concentrations < 2.0 mg/L, leading to a very poor rating.

A massive algal bloom caused extremely high chlorophyll concentrations at the forebay in

1992 resulting in a poor rating that year. Chlorophyll concentrations were lower in 1993, but still

relatively high and, therefore, rated fair in 1993. The benthic macroinvertebrate community at the

forebay rated better in 1993 (fair) compared to previous years (consistently poor). Poor ratings had

been attributed to the low concentrations of DO near bottom during summer. Given that benthos

collections were made in March 1993, prior to the severe DO problems later that summer, these

samples would have been more representative of 1992 conditions. Even though DO concentrations in

summer 1992 were not good, they were the best documented on Wilson since the Vital Signs

monitoring program began in 1990. The duration of low DO concentrations was relatively short in

1992 and the proportion of bottom with low DO concentrations was small. These conditions may

have provided sufficient opportunity for recolonization of several benthic species resulting in the

improved community rating for 1993. Samples to be collected in March 1994 will help determine
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whether this hypothesis is correct. If correct, the benthos rating for 1994 should be poor because of

the severe DO conditions in summer 1993.

Sediment quality at the forebay was good in 1992 and 1993, indicating no impairment due

to bottom substrates. This was an improvement over 1991 when fair sediment quality conditions were

found due to lower survival rates for test organisms. All ecological health indicators measured at the

inflow location (DO, fish, and benthos) were good or excellent in 1993.

There were only 54 acres of aquatic plants on Wilson Reservoir in 1993.

Reservoir Use Suitability

There are no fish consumption advisories on Wilson Reservoir based on fish tissue studies

conducted over the past several years.

Fecal coliform bacteria concentrations were very low at the two boat ramps tested in 1993

and at the Vital Signs location in the forebay. The low rainfall in 1993 may have contributed to low

concentrations at the boat ramps. All fecal coliform samples collected in the forebay since 1990 have

been low.
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8.3 Bear Creek Reservoir

Physical Description

With a surface of only 700 acres, Bear Creek is one of the smallest reservoirs in the TVA

system. It is relatively long (16 miles), narrow, and deep (74 feet at the dam). The average annual

discharge is 380 cfs providing an average hydraulic retention time of about 13 days. Average annual

drawdown is about 11 feet. Bear Creek Reservoir stratifies in the summer and develops hypolimnetic

anoxia. Another water quality concern is abandoned strip mines in the watershed.

Ecological Health

The ecological health of Bear Creek Reservoir rated fair (60 percent) in 1993. Vital Signs

monitoring previously had not been conducted on this reservoir. This reservoir appears to have a

high rate of primary productivity and significant hypolimnetic DO depletion. Summer chlorophyll

concentrations were higher on Bear Creek Reservoir than on any of the other tributary reservoirs

monitored in 1993. Only one of the five indicators (benthic macroinvertebrates) rated excellent and

one rated good (fish). Such high ratings would not be expected given the very poor rating for DO

(anoxia and large proportion of the water column with low DO concentrations) and poor rating for

sediment quality (high ammonia and toxicity to test animals). Continued monitoring in future years

will help to better define the ecological health of Bear Creek Reservoir.

Use Suitability

Fecal coliform bacteria concentrations were low at both of the swimming areas surveyed in

1993. The low rainfall in 1993 may have contributed to low concentrations. During a wetter period

in 1991, fecal coliform concentrations were higher, but still well within water quality criteria for

recreation. A single composite of channel catfish was collected from the forebay in autumn 1992.

All metal and organic analytes were low or not detected, except for mercury which was high enough

to warrant reexamination in autumn 1993 but not high enough to indicate a need for an in-depth,

intensive study.
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8.4 Little Bear Creek Reservoir

Physical Description

Little Bear Creek Reservoir is relatively short (7.1 miles long) and deep (84 feet at the

dam). It has a surface area of 1600 acres. With an average annual discharge of 101 cfs, the

hydraulic retention time is 225 days. Compared to Bear Creek Reservoir, the lower flow into the

reservoir and larger reservoir volume make the retention time much longer in Little Bear Creek

Reservoir. Average annual drawdown is about 12 feet.

Little Bear Creek Reservoir had a fair (64 percent) ecological health rating in 1993. This

was the first year for Vital Signs monitoring on Little Bear Creek Reservoir. Similar to the other

reservoirs in the Bear Creek watershed, the most obvious problem was very poor DO conditions at

the forebay. Other indicators rated good (chlorophyll and fish assemblage) or fair (sediment quality

and benthos). Given the hot, dry summer of 1993, additional information in future years will help to

better evaluate and define the ecological health of Little Bear Creek Reservoir.

Reservoir Use Suitability

Fecal coliform bacteria concentrations were very low at both swimming areas tested in

1993. The low rainfall in 1993 may have contributed to low concentrations. During a wetter period

in 1991, fecal coliform concentrations were much higher at both beaches. During the 1991 survey

period, bacteriological water quality at both sites was within state water quality criteria for recreation;

however, both exceeded one of EPA's recommended guidelines--more than 10 percent of the samples

had fecal coliform concentrations greater than 400/100 mL.

A composite of channel catfish was collected from the forebay of Little Bear Creek

Reservoir in autumn 1992. Only one metal analyte (mercury) was detected, and no PCB or pesticide

analytes were detected. The mercury concentration (0.56 jAg/g) was relatively high. As a result,

channel catfish from this site were reexamined in autumn 1993. Results were not available at the

time this report was prepared.
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8.5 CWedar Creek Reservoir

Physical Description

Like the other reservoirs in the Bear Creek watershed, Cedar Creek Reservoir is small

(only nine miles long and 4200 acres surface area) and deep (79 feet at the dam). The low average

annual discharge from the dam (282 cfs) creates a relatively long average retention time (168 days).

This combination of physical features lead to thermal stratification and hypolimnetic anoxia in the

summer. Average annual drawdown is about 14 feet.

EcologicalHeath

The ecological health of Cedar Creek Reservoir rated poor-fair (56 percent) in 1993, the

first year of Vital Signs monitoring. As expected based on the other reservoirs in the Bear Creek

watershed, DO rated very poor because of anoxic conditions and a very large proportion of both the

bottom and the water column with DO concentrations < 2:0 mg/L. Chlorophyll, benthos, and fish

assemblage all rated fair. The only fair to good rating was for sediment quality. There were no

excellent ratings.

Reservoir Use Suitability

Fecal coliform bacteria concentrations were low at the Slickrock Ford swimming area in

1993. The low rainfall in 1993 may have contributed to low concentrations. During a previous

survey period in 1991 with more normal rainfall, higher fecal coliform concentrations were found.

Despite being higher, they were within state water quality criteria for recreation.

A single composite of channel catfish fillets collected from the forebay of Cedar Creek

Reservoir in autumn 1992 did not have detectable concentrations of any pesticide or PCB analyte.

Mercury, found at a low concentration, was the only metal analyte detected.

-103-

8.5 Cedar Creek Reservoir 

Physical Description 

Like the other reservoirs in the Bear Creek watershed, Cedar Creek Reservoir is small 

(only nine miles long and 4200 acres surface area) and deep (79 feet at the dam). The low average 

annual discharge from the darn (282 cfs) creates a relatively long average retention time (168 days). 

This combination of physical features lead to thermal stratification and hypolimnetic anoxia in the 

summer . Average annual drawdown is about 14 feet. 

Ecological Health 

The ecological health of Cedar Creek Reservoir rated poor-fair (56 percent) in 1993, the 

first year of Vital Signs monitoring. As expected based on the other reservoirs in the Bear Creek 

watershed, DO rated very poor because of anoxic conditions and a very large proportion of both the 

bottom and the water column with DO concentrations < 2;0 mg/L. Chlorophyll, benthos, and fish 

assemblage all rated fair. The only fair to good rating was for sediment quality. There were no 

excellent ratings. 

Reservoir Use Suitability 

Fecal coliform bacteria concentrations were low at the Slickrock Ford swimming area in 

1993. The low rainfall in 1993 may have contributed to low concentrations. During a previous 

survey period in 1991 with more normal rainfall, higher fecal coliform concentrations were found. 

Despite being higher, they were within state water quality criteria for recreation. 

A single composite of channel catfish fillets collected from the forebay of Cedar Creek 

Reservoir in autumn 1992 did not have detectable concentrations of any pesticide or PCB analyte. 

Mercury, found at a low concentration, was the only metal analyte detected. 

-103-



8.6 Bear Creek Stream Monitoring Site

Physical Description

Bear Creek flows through the southwest boundary of the Highland Rim physiographic

province in northwestern Alabama (85 percent) and northeastern Mississippi to join the Tennessee

River as an embayment of Pickwick Reservoir. The Bear Creek watershed is approximately 65 miles

long and 15 miles wide and drains 946 square miles.

The watershed area above the Bishop, Alabama, monitoring location is 667 square miles or

70 percent of the entire Bear Creek basin. Within the monitored area, Cedar Creek, with a drainage

area of 329 square miles, is the principal tributary. There are four reservoirs (Cedar Creek, Little

Bear Creek, Bear Creek, and Upper Bear Creek) that control the runoff from about half of the

watershed.

The Bear Creek basin is underlain by sandstone or has limestone outcroppings.

Approximately 70 percent of the watershed is forested, the remainder agricultural. Some iron ore has

been mined in the basin and bacterial pollution from agricultural operations has been recognized as a

water quality concern. Several active and abandoned coal mines are located on the uppermost

portions of the watershed above the upper Bear Creek Reservoir. Russellville and Haleyville,

Alabama, are the primary urban areas.

The monitoring location on Bear Creek, far upstream of any influence of impoundment

from Pickwick Reservoir, showed fair ecological health in 1993. The fish community was fair in

1993; but not as good as in 1992, which was much improved over past years. Benthic

macroinvertebrates also rated fair in 1993, similar to 1992.

Use Suitability

The only bacteriological samples collected from the Bear Creek watershed in 1993 were

those collected for reservoir Vital Signs monitoring and are reported with those sections.

Fish for tissue analysis are not collected from the Bear Creek stream monitoring site.
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9.0 WHEELER RESERVOIR - ELK RIVER WATERSHED

The Wheeler Reservoir - Elk River watershed drains about 5140 square miles in north

central Alabama and south central Tennessee. Wheeler Reservoir is the fourth of nine reservoirs on

the Tennessee River. About 24,500 square miles of the Tennessee Valley are upstream of this

watershed. Wheeler Reservoir receives an average annual inflow of 40,700 cfs from Guntersville

Dam. Discharges from Wheeler Dam average 49,400 cfs on an annual basis leaving 8700 cfs which

originate within the watershed.

The largest tributary to Wheeler Reservoir is the Elk River, which has a drainage area of

about 2250 square miles and contributes about 3000 cfs. The remaining flow enters from tributaries

directly to Wheeler Reservoir.

Wheeler Reservoir is the largest reservoir within this watershed followed by Tims Ford

Reservoir on the Elk River. There are four Vital Signs monitoring sites on Wheeler Reservoir--

forebay, transition zone, inflow, and the Elk River embayment (Figure 9.1 and Table 2.1). Two sites

are monitored for Vital Signs on Tims Ford Reservoir--forebay and mid-reservoir. Woods Reservoir

on the Elk River is not included in this monitoring program because it is property of the Arnold

Engineering Development Center, Arnold Air Force Base.

The only stream monitoring site within this watershed is on the Elk River at mile 36.5.

Results from 1993 monitoring activities are provided in Section 9.1 for Wheeler Reservoir,

Section 9.2 for Tims Ford Reservoir, and Section 9.3 for the stream site on the Elk River.
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9.1 Wheeler Reservoir

Physical Description

Wheeler Reservoir has the third-largest surface area (67,100 acres) of all reservoirs in the

TVA system. It is 74 miles long (dam at TRM 274.9) and has 1063 miles of shoreline. Average

annual discharge is about 49,400 cfs which provides an average hydraulic retention time of about 11

days. Information collected in 1990 and 1991 indicated a more riverine than transition environment

at TRM 307.5; consequently, in 1992 the transition zone sampling location was relocated further

downstream to TRM 295.9. Results for 1992 and 1993 are being evaluated to determine if this new

site is suitably located or if it needs to be moved further downstream.

The Elk River joins the Tennessee River in the downstream portion of Wheeler Reservoir

at about mile 284 and provides, on the average, about 6 percent of the flow through Wheeler

Reservoir.

Vital Signs monitoring activities were expanded in 1993 to include a site in the Elk River

embayment. This was one of four embayments added to the Vital Signs program in 1993. The Elk

River embayment covers about 4900 acres. Given the relatively high flows in the Elk River (about

3000 cfs annual average), there is substantial water exchange in this embayment.

Reservoir Health

Like several other Tennessee River reservoirs, the overall ecological health index of

Wheeler Reservoir was lower in 1993 compared- to 1992 and 1991. Overall, Wheeler Reservoir rated

fair to good (72 percent) in 1993 compared to good in 1992 (80 percent) and in 1991 (87 percent).

The primary contributor to this lower reservoir rating was addition of information from the Elk River

embayment, which had three poor ratings (chlorophyll-very poor; DO and benthos-poor). Of the

four sites monitored on Wheeler Reservoir in 1993, the Elk River embayment site had the poorest

ecological health. If data from the Elk River site were deleted from the overall score, Wheeler would

rate good (82 percent), consistent with findings in 1991 and 1992.

DOs less than 2 mg/L were measured at lower depths in the forebay during summer with

an anoxic area near bottom. As a result, DO rated poor at the forebay. (Ratings for DO at the

forebay had been good in 1991 and fair in 1992.) This stressed condition was likely related to the

low flows during the 1993 summer. Interestingly, DO rated excellent at the inflow and transition

zone, indicating the problem developed within the downstream, forebay region of the reservoir.

When low reservoir flows and high water temperatures occur, respiration and oxygen demand

-109-

9.1 Wheeler Reservoir 

Physical Description 

Wheeler Reservoir has the third-largest surface area (67,100 acres) of all reservoirs in the 

TV A system. It is 74 miles long (dam at TRM 274.9) and has 1063 miles of shoreline. Average 

annual discharge is about 49,400 cfs which provides an average hydraulic retention time of about 11 

days. Information collected in 1990 and 1991 indicated a more riverine than transition environment 

at TRM 307.5; consequently, in 1992 the transition zone sampling location was relocated further 

downstream to TRM 295.9. Results for 1992 and 1993 are being evaluated to determine if this new 

site is suitably located or if it needs to be moved further downstream. 

The Elk River joins the Tennessee River in the downstream portion of Wheeler Reservoir 

at about mile 284 and provides, on the average, about 6 percent of the flow through Wheeler 

Reservoir. 

Vital Signs monitoring activities were expanded in 1993 to include a site in the Elk River 

embayment. This was one of four embayments added to the Vital Signs program in 1993. The Elk 

River embayment covers about 4900 acres. Given the relatively high flows in the Elk River (about 

3000 cfs annual average), there is substantial water exchange in this embayment. 

Reservoir Health 

Like several other Tennessee River reservoirs, the overall ecological health index of 

Wheeler Reservoir was lower in 1993 compared- to 1992 and 1991. Overall, Wheeler Reservoir rated 

fair to good (72 percent) in 1993 compared to good in 1992 (80 percent) and in 1991 (87 percent). 

The primary contributor to this lower reservoir rating was addition of information from the Elk River 

embayment, which had three poor ratings (chlorophyll-very poor; DO and benthos-poor). Of the 

four sites monitored on Wheeler Reservoir in 1993, the Elk River embayment site had the poorest 

ecological health. If data from the Elk River site were deleted from the overall score, Wheeler would 

rate good (82 percent), consistent with findings in 1991 and 1992. 

DOs leSs than 2 mg/L were measured at lower depths in the forebay during summer with 

an anoxic area near bottom. As a result, DO rated poor at the forebay. (Ratings for DO at the 

forebay had been good in 1991 and fair in 1992.) This stre~sed condition was likely related to the 

low flows during the 1993 summer. Interestingly, DO rated excellent at the inflow and transition 

zone, indicating the problem developed within the downstream, forebay region of the reservoir. 

When low reservoir flows and high water temperatures occur, respiration and oxygen demand 

-109-



(both sediment and biological) increase and can exceed the DO made available by reaeration and

photosynthesis. This downstream portion of Wheeler Reservoir usually has relatively high algal

productivity due to input of high levels of phosphorus from Elk River. The combination of stagnant

water and a high oxygen demand required to decompose dead algae settling to the bottom contributes

to low DOs in lower depths at the forebay. All other ecological health indicators rated fair, good, or

excellent, similar to previous years. The transition zone and inflow had mostly good or excellent

rating for all indicators. The fish assemblage and sediment quality were fair, good, or excellent at all

sample sites.

Aquatic macrophytes colonized about 6600 acres on Wheeler Reservoir in 1993, compared

to about 4400 acres in 1992 and 3500 acres in 1991.

Reservoir Use Suitability

No bacteriological studies were conducted at recreation sites in Wheeler Reservoir in 1993.

In 1990, bacteriological water quality met the Alabama criterion for recreation at the four swimming

beaches and four boat ramps tested. Fecal coliform bacteria concentrations have generally been low

at the Vital Signs locations in the forebay and transition zones. Since 1990, only two samples have

been high, one in 1990 and one in 1993, both in the transition zone.

The Alabama Department of Public Health advises that most fish species from within the

Indian Creek embayment on Wheeler Reservoir should not be eaten due to DDT contamination. An

intensive study was conducted in autumn 1991 to determine if high concentrations existed in fish from

the Tennessee River in an area 15 miles downstream to five miles upstream of the Indian Creek

embayment. Based on the 1991 results the public was further advised not to eat largemouth bass,

channel catfish, and smallmouth buffalo from within one mile either side of the area where Indian

Creek and the Tennessee River join. Other bottom feeding fish species (such as carp and suckers)

from the area should also be avoided. Furthermore, channel catfish caught from the Tennessee River

between Indian Creek and the Interstate 65 bridge should not be eaten. Fish were again collected

from these areas in the Tennessee River in 1992 to continue examining DDT concentrations. The

1992 fish had much lower concentrations than those in 1991. The study was reported in autumn

1993, but results were not available at the time this report was prepared.
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9.2 Tims Ford Reservoir

Physical Description

Tims Ford Reservoir in middle Tennessee is formed by Tims Ford Dam at Elk River mile

(ERM) 133.3. The reservoir is 34 miles long at full pool and has a surface area of 10,600 acres.

The depth at the dam is 143 feet and the average depth is about 50 feet. Average annual discharges

from Tims Ford Dam are about 940 cfs, resulting in a hydraulic residence time of about 280 days.

Tims Ford Reservoir is designed for a useful controlled drawdown of 30 feet (895-865 feet MSL) for

flood protection; however, annual drawdowns average about 18 feet.

Ecological Health

The ecological health of Tims Ford Reservoir rated poor-fair (58 percent) in 1993 with

very little change from previous years of Vital Signs monitoring. The most obvious ecological health

problem was the low concentrations of DO near bottom (rated very poor at both the forebay and mid-

reservoir sites in 1993). Although undesirable, low DO concentrations often exist in deep, tributary

storage reservoirs like Tims Ford with long detention times and strong summer stratification. In spite

of these low dissolved oxygen conditions, the fish assemblage rated good at both monitoring sites in

1993. However, the benthos, sampled for the first time in 1993, rated very poor at the forebay and

poor at the mid-reservoir site. Sediment quality, also sampled for the first time in 1993, had high

levels of ammonia at both locations and toxicity to test animals at the mid-reservoir site which rated

poor. Chlorophyll ratings at both locations on Tims Ford Reservoir were good in 1993, indicating

adequate primary productivity to support the food web, but not overly productive, potentially leading

to eutrophic conditions.

Reservoir Use Suitability

Four sites were tested for fecal coliform bacteria in 1992; two sites were retested in 1993

because of high concentrations. The 1993 concentrations were low at the Estill Springs Park, but at

the Dry Fork swimming area, bacteria concentrations were within state criteria only if samples

collected within 24-hours of rainfall are excluded.

There are no fish consumption advisories for Tims Ford Reservoir. All analytes were

either not detected or found in only low concentrations in channel catfish composites collected from

the forebay and transition zone in autumn 1992.
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9.3 Elk River Stream Monitoring Site

Physical Description

The Elk River flows for more than 200 miles from its headwaters near Monteagle,

Tennessee, on the edge of the Cumberland plateau, southwest through south-central Tennessee into

northern Alabama where it meets the Tennessee River about nine miles above Wheeler Dam. The

basin, which lies principally in the Highland Rim province, is approximately 100 miles long and 50

miles wide at its greatest width, but it averages only 25 miles wide. Approximately one-third of the

north central basin above the Elk River lies in the Nashville basin. The Elk River drainage basin area

is 2249 square miles.

The TVA monitoring station is located at the USGS stream gage near Prospect, Tennessee.

At this location, 1784 square miles or 79 percent of the entire Elk River basin is monitored. Major

tributaries of the Elk River basin include Sugar Creek (177 square miles), Richland Creek (488 square

miles), Cane Creek (106 square miles), Mulberry Creek (99 square miles), and Beans Creek (92

square miles). Tims Ford Dam and Elk River Dam control most of the runoff from the upper quarter

of the watershed.

The Elk River drains an area underlain for the most part by limestone. Consequently, the

water is high in dissolved minerals and fairly hard. About 60 percent of the Elk River basin is

farmland. Urban areas include Pulaski, Fayetteville, Tullahoma, and Winchester, Tennessee.

Ecological Health

The monitoring site on the Elk River, far upstream of any influence of backwater from

Wheeler Reservoir, was rated poor to fair in 1993, a slight improvement over 1992. Improvements

were noted in sediment quality and benthic macroinvertebrates. (Fish were not sampled in 1993.)

Nutrient concentrations were quite high, resulting from phosphorus-rich soils in the watershed. These

high nutrient inflows from the Elk River can stimulate algal blooms in Wheeler Reservoir.

Use Suitability

Bacteriological water quality at an access location about one and one-half miles

downstream of Tims Ford Dam was poor immediately after rainfall, but met recreation criterion if

samples collected within 24-hours of rainstorms were excluded.
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All analytes in fish tissue samples collected in summer 1992 were either not detected or

found in low concentrations.
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PMs with the technical staff, region, residents and licensee. This should include 
spending time (-1 week) with the resid~staff to promote understanding of the 
capabilities, limitations and responsibilities of the inspection program and the resident 
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4. Given the lack of regulatory licensing expertise with some of the BCs, targeted questions 
should be provided along with the responses. Also it may be worthwhile that credit for 
performance objectives be signed off by a qualified PM 

5. Add a requirement to have another BC have a discussion on the application of 
knowledge. These questions would be situation based examples. 
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10.0 GUNTERSVILLE RESERVOIR - SEQUATCHIE RIVER WATERSHED

This watershed includes Guntersville Reservoir and all tributaries draining directly to

Guntersville Reservoir. As with the other watershed areas on the mainstem of the Tennessee River,

most of the water leaving the watershed through Guntersville Dam enters the watershed area through

discharges from the upstream dam (Nickajack). About 35,900 cfs enter from Nickajack Dam and

about 40,700 cfs is discharged from Guntersville Darn on an annual average basis. The remaining

4800 cfs originates with the Guntersville Reservoir-Sequatchie River watershed area. The largest

contributor of this flow is the Sequatchie River (about 800 cfs). The total watershed area is 2669

square miles. The area drained by the Sequatchie River is about 600 square miles.

Guntersville Reservoir is the dominant characteristic of this watershed. There are three

Vital Signs monitoring site on Guntersville Reservoir: forebay, transition zone, and inflow (Figure

10.1 and Table 2.1). Information from 1993 monitoring activities is provided in Section 10.1.

There is a stream monitoring site on the Sequatchie River at mile 6.3. Monitoring

information for this site for 1993 is provided in Section 10.2.
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10.1 Guntersville Reservoir

Guntersville Dam, located at TRM 349.0, creates a 76 mile long reservoir with a surface

area of 67,900 acres and a shoreline of 949 miles at full pool. Average annual discharge is about

40,700 cfs, corresponding to an average hydraulic retention time of about 13 days.

Guntersville Reservoir is similar to Wheeler Reservoir in several size characteristics, but it

differs in one important feature. The average controlled storage volume of Guntersville is about half

that of Wheeler. This is due to the shallow nature of Guntersville Reservoir at the inflow area and

extensive shallow overbank areas. As a result, winter drawdown on Guntersville Reservoir is

nominal to maintain navigation. The shallow drawdown allows the large overbank areas to be

permanently wetted creating good habitat for aquatic macrophytes. Guntersville has the greatest area

coverage of aquatic plants of any TVA reservoir.

The Sequatchie River joins the Tennessee River at about TRM 423, in the upstream

portion of Guntersville Reservoir, just downstream from Nickajack Dam. On the average the

Sequatchie River contributes less than 2 percent to the total flow of the Tennessee River through

Guntersville Reservoir.

Data collected in 1990 and 1991, indicated a more riverine than transition environment at

TRM 396.8. Consequently, in 1992 the transition zone sampling location was relocated further

downstream to TRM 375.2. Results from the new site are being reviewed to determine if it is

suitably located.

Ecological Health

Ecological health conditions were good (78 percent) in Guntersville Reservoir in 1993,

similar to those observed in 1992 (83 percent). All ecological health indicators rated fair, good, or

excellent at all reservoir sites, except for DO at the inflow, which rated very poor (compared to fair

in previous years). A very low DO concentration (1.8 mg/L, the lowest ever recorded in the

discharge from Nickajack Dam) was measured in July and was related to the usual flow patterns

associated with the summer drought and special hydroelectric operations.

As in 1992, 1993 results indicated the transition zone had the best ecological health of the

three sample sites on Guntersville Reservoir. Four of the five aquatic health indicators from this site

had excellent ratings both years; only the fish assemblage rated less than excellent (fair).
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Aquatic macrophytes covered about 7600 acres in 1993 compared to 5993 acres in 1992

and 5165 acres in 1991. Guntersville Reservoir contains more acres of aquatic plants than any other

reservoir in the TVA system.

Reservoir Use Suitability

All sites tested for fecal coliform bacteria in 1992 and 1993 in Guntersville Reservoir met

the Alabama water quality criterion for recreation. At most sites, bacteria concentrations were quite

low, High fecal coliform concentrations were found in the Vital Signs sampling at the forebay in

1990 and 1991, but bacteria concentrations at both the forebay and transition zone were very low in

1992 and 1993.

There are no fish consumption advisories on Guntersville Reservoir. Channel catfish

composites collected from Guntersville Reservoir in autumn 1990 had sufficiently high PCB

concentrations to warrant further examination but were not high enough for the state to issue an

advisory. Catfish collected from the same locations in 1991 and 1992 had progressively lower

concentrations than those from 1990 with the 1992 concentrations generally indicative of

"background" levels found in channel catfish throughout the Tennessee River. Other analytes were

low or nondetectable in the 1992 samples.
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10.2 Seauatchie River Stream Monitorin2 Site

Physical Description

The Sequatchie River basin is a narrow limestone valley of the Valley and Ridge

physiographic province, surrounded by the Cumberland Plateau to the west and Walden Ridge to the

east. The Sequatchie flows from its headwaters south of the Emory-Obed River basin for more than

110 miles to form an embayment at the upstream end of Guntersville Reservoir, just downstream

from Nickajack Dam. The Sequatchie River drainage basin is 605 square miles.

The TVA monitoring station is located at the Valley Road bridge near Jasper, Tennessee.

The upstream drainage basin is 575 square miles or 95 percent of the entire Sequatchie River basin.

Principal tributaries in the monitored area include the Little Sequatchie River (132 square miles) and

Big Brush Creek (69 square miles).

Dolomite and limestone underlie the floor of the Sequatchie River valley, which is

predominantly farmland. Sandstones underlie the surrounding steep escarpments and plateaus, which

are predominantly forested. Coal mines operate in some areas of the Cumberland Plateau. Whitwell,

Dunlap, and Pikeville, Tennessee, are the primary urban area in the basin.

Ecological Health

The ecological health of the Sequatchie River monitoring site was good in 1993. All

ecological health indicators were either good or fair. Coal mining activities may be hindering the fish

community and bottom-dwelling animals as indicated by deposits of coal fines and other sediments.

Use Suitability

Four canoe sites were sampled in 1992 and 1993 for fecal coliform bacteria. Although

some samples collected after rainfall had high concentrations, all sites met Tennessee water quality

criterion for recreation both years.

Fish tissue samples from the Sequatchie River collected during summer 1992 had

nondetectable or only low concentrations of all analytes.
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11.0 NICKAJACK RESERVOIR - CHICKAMAUGA RESERVOIR WATERSHED

Nickajack and Chickamauga Reservoirs are primary features of this watershed. The

Hiwassee River is the only sizeable tributary which merges with the Tennessee River within the

watershed area. The drainage basin of the Hiwassee River is large enough to be designated a separate

watershed (see Section 12). The remaining area drained by tributaries to these two reservoirs is 1780

square miles. On an annual average basis, about 3200 cfs is contributed to the Tennessee River from

streams within this watershed. This compares to 27,100 cfs entering the upper end of Chickamauga

Reservoir from Watts Bar Dam and 5600 cfs from the Hiwassee River, for a total average annual

discharge from Nickajack Dam of 35,900 cfs.

There are two Vital Signs monitoring sites on Nickajack Reservoir, one at the forebay and

one at the inflow. There is no transition zone site on Nickajack because the reservoir is short and

water exchange is quite rapid. This causes conditions at the location that might be considered the

transition zone to be similar to those at the forebay. Chickamauga Reservoir has four Vital Signs

monitoring sites-the forebay, the transition zone, the inflow, and a new site established in 1993 in the

Hiwassee River embayment (Figure 11. 1).

Results from 1993 monitoring activities are in Section 11. 1 for Nickajack Reservoir and

11.2 for Chickamauga Reservoir.
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11.1 Nickajack Reservoir

Physical Description

Nickajack Reservoir is one of the smallest reservoirs on the mainstem of the Tennessee

River. With the dam at TRM 424.7, Nickajack has a length of 46 miles, surface area of 10,370

acres, and a shoreline of 192 miles at full pool. Average annual discharge from Nickajack is

approximately 35,900 cfs which provides an average hydraulic retention time of only about three or

four days, the shortest retention time among the reservoirs monitored in this program.

Results from the 1990 and 1991 monitoring indicated that both the forebay and transition

zone sampling sites had quite similar water quality. This was expected since the two sites are

relatively close together (separated by only 7.5 river miles), and Nickajack is a well-mixed, run-of-

the-river reservoir. Therefore, sampling at the transition zone in Nickajack Reservoir was

discontinued in 1992.

Ecological Health

Nickajack Reservoir had a good ecological health rating (88 percent) in 1993, the same as

in 1992 and 1991 (83 percent both years). Nickajack had the highest overall ecological health rating

of all Vital Signs reservoirs in 1993. The only poor rating was for DO at the upper end of Nickajack

Reservoir. This was due to low DOs (minimum 2.2 mgfL) in the releases from Chickamauga Dam in

July 1993. Low DO concentrations had been observed there in previous years, but concentrations

measured in 1993 were the lowest ever recorded from Chickamauga Dam. These concentrations were

not low enough to cause mortality for common species present, but were low enough to affect

organism health and growth. Although the DO rating at the Nickajack forebay was excellent (no DO

concentrations less than 2.0 mg/L were measured), it cannot be concluded that no DO problems

existed. Because low DO concentrations were found in water entering Nickajack Reservoir from

Chickamauga Dam and low DO concentrations were found in water leaving Nickajack Dam, it is

clear that low DOs existed in the Nickajack forebay at some time. The lack of low pneasurements at

the forebay likely is due to the timing of monthly measurements; sampling dates in July and August

bracketed the period with most severe DO problems.

Other than the poor DO rating for the inflow, all other ecological health indicators at the

forebay and inflow sample sites scored good or excellent. Even if low DO concentrations had been
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measured at the forebay, the high scores for the other indicators would have kept the overall rating

for Nickajack Reservoir in the good range.

Aquatic macrophytes on Nickajack Reservoir covered about 1000 acres in 1993 compared

to 830 acres in 1991 to 580 acres in 1992.

Reservoir Use Suitability

The Tennessee Department of Environment and Conservation has issued an advisory that

catfish should not be eaten by children, pregnant women, and nursing mothers because of PCB levels

(about 1.0 pg/g); other individuals should limit consumption to no more than 1.2 pounds per month.

Fillets from catfish collected autumn 1992 had PCB concentrations about half those previously found

in the five years of fish tissue studies on Nickajack Reservoir. The study was repeated in autumn

1993 to determine if lower PCB concentrations are found again. Results were not available at the

time this report was prepared.

Fecal coliform bacteria concentrations in areas of Nickajack Reservoir tested during the

recreation site sampling in 1992 and 1993 and Vital Signs sampling since 1990 were generally low.

Exceptions include the boat ramp at Smith's Camp-On-The-Lake, where large populations of geese

probably account for the high concentrations, and North Chickamauga Creek after rainfall.
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11.2 Chickamauga Reservoir

Physical Description

Chickamauga Dam is located at TRM 471.0. The reservoir is 59 miles long, has 810

miles of shoreline, and has a surface area of 35,400 acres at full pool. The average annual discharge

is approximately 34,200 cfs which provides an average hydraulic retention of nine to ten days (Table

4.1).

The Hiwassee River, a major tributary to the Tennessee River, flows into the middle

portion of Chickamauga Reservoir at about TRM 499. The flow from the entire Hiwassee River

watershed contributes approximately 16.5 percent of the flow through Chickamauga Reservoir.

About 10 percent of the 16.5 percent is from the Ocoee River and tributaries in the lower end of the

Hiwassee watershed (i.e., downstream of Apalachia Dam).

Vital Signs monitoring activities were expanded in 1993 to include a site in the Hiwassee

River embayment, which covers about 6500 acres. Given the relatively high flows in the Hiwassee

River (about 5600 cfs annual average), there is substantial water exchange in this embayment, much

greater than in any of the other three embayments monitored.

Ecological Health

The overall ecological health rating for Chickamauga Reservoir was good in 1993 (83

percent), the second-highest rating of all reservoirs. This is an improvement over the fair to good

rating in 1992 (73 percent) and is more like the good rating in 1991 (90 percent). Unlike the other

three reservoirs which had a major embayment monitored for the first time in 1993 (Kentucky,

Pickwick, and Wheeler), results from the Hiwassee River embayment did not lower the overall rating

of Chickamauga Reservoir. Of the five ecological health indicators, two were excellent (chlorophyll

and DO) and three were good (sediment quality, benthos, and fish assemblage) at the Hiwassee

embayment site. If results from the Hiwassee River embayment site were excluded from determining

the overall score for Chickamnauga Reservoir, the score would be changed slightly to 81 percent.

Several health indicators had higher ratings in 1993 than in 1992. In particular, the

sediment quality rating improved from poor in 1992 to fair in 1993 at both the forebay and transition

zone. The poor ratings at these two sites in 1992 resulted from elevated concentrations of copper and

zinc and toxicity to test organisms. In 1993 copper and zinc (in addition to trace levels of chlordane)

were again found at the forebay, but no toxicity was found, resulting in a fair rating. The fair rating
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at the transition zone in 1993 was caused by an indication of toxicity (some mortality of rotifers,

although not significantly different from controls) and presence of chlordane in the sediment; copper

and zinc were not elevated. Chlordane in sediments was detected for the first time in 1993. This is

related to improved laboratory methods rather than a true environmental change. New equipment

which allowed better extraction of organic contaminants from sediments was used on 1993 samples.

DO levels on Chickamauga Reservoir were not impacted as much by the hot, dry summer

as on several other Tennessee River reservoirs in 1993. The DO ratings at the forebay and transition

zone were good, but there were small areas during June and July with very low DO concentrations.

These areas are thought to have been too short in duration and too small in area to have had a

significant impact. DO at the inflow rated fair due to a relatively low concentration (3.7 mg/L) in

one sample from the releases of Watts Bar Dam.

Improvements in ratings for both the benthos (poor in 1992 and fair in 1993) and fish

assemblage (fair in 1992 and excellent in 1993) were noted at the inflow. About twice as many

benthic macroinvertebrate taxa were found in 1993 as in 1992, indicating improved conditions. Most

fish assemblage metrics were excellent; this was a distinct improvement over 1992 results. Aquatic

macrophytes on Chickamauga Reservoir covered 1185 acres in 1993 compared to 387 acres in 1992

and 680 acres in 1991. Aquatic macrophytes peaked at about 7500 acres in 1988 and continuously

declined until summer 1993.

Reservoir Use Suitability

There are no fish consumption advisories for Chickamauga Reservoir. Fillets from

Chickamauga Reservoir catfish have been examined for several years as part of a variety of studies.

Study results have indicated no consistent or reservoir-wide problems. Results from most of these

studies have usually found higher concentrations of PCBs in catfish from the inflow area than from

other sites in the reservoir. Channel catfish were collected for screening purposes in autumn 1992

from the inflow, transition zone, and forebay. Concentrations of all analytes from all locations were

low, including PCBs.

No bacteriological studies were conducted at recreation sites on Chickamauga Reservoir in

1993. Bacteriological water quality met the Tennessee criterion for recreation at the ten sites tested in

1989 and 1990. Fecal coliform bacteria concentrations have generally been low at the Vital Signs

locations during all years monitoring activities have occurred.
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12.0 HIWASSEE RIVER WATERSHED

The headwaters of the Hiwassee River extend into the Blue Ridge Mountains in Tennessee,

North Carolina, and Georgia. Streams in this watershed have naturally low concentrations of

nutrients and dissolved minerals. These streams change from steep gradient, cold water trout streams

in the mountains to lower gradient warm water streams in the valley.

The Hiwassee River Watershed has an area of 2700 square miles and an average annual

discharge to the Tennessee River of 5640 cfs. The confluence of the Hiwassee River with the

Tennessee River is in Chickamauga Reservoir at Tennessee River Mile 499.4. The lower portion of

the Hiwassee River is impounded by backwater from Chickamauga Dam. The impounded portion of

the Hiwassee River forms a large embayment (about 6500 surface acres) which extends over 20 miles

up the Hiwassee River.

The largest tributary to the Hiwassee River is the Ocoee River, with a drainage area of

about 640 square miles. Due to past copper mining and industrial activities in the Copperhill area,

several streams and reservoirs in the Ocoee River basin have degraded water quality.

There are eight TVA reservoirs in the Hiwassee River watershed (Figure 12.1 and Table

2.1). Vital Signs monitoring activities are conducted on the five largest reservoirs: Hiwassee

Reservoir (forebay, mid-reservoir, and inflow); Chatuge Reservoir (forebay sites on the Hiwassee

River and Shooting Creek arms); Nottely Reservoir (forebay and mid-reservoir); Ocoee Reservoir No.

1 (forebay only); and Blue Ridge Reservoir (forebay only). Apalachia, Ocoee No. 2, and Ocoee

No. 3 Reservoirs are not included in this monitoring because of their small size.

There is a stream monitoring site on the Hiwassee River at HiRM 36.9, about 2.5 miles

upstream of the confluence of the Ocoee River. A new site will be added in 1994 on the Ocoee River

at mile 2.5. Vital Signs monitoring also includes a site on the Hiwassee River embayment (at

HiRM 10) of Chickamauga Reservoir. Results from that monitoring site are provided in Chapter 11.

Results from 1993 reservoir and stream Vital Signs and Use Suitability monitoring

activities are provided in the following sections:

12.1 Hiwassee Reservoir

12.2 Chatuge Reservoir

12.3 Notteiy Reservoir

12.4 Blue Ridge Reservoir

12.5 Ocoee Reservoir No. I (Parksville Reservoir)

12.6 Hiwassee River Stream Monitoring Site
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12.1 Hiwassee Reservoir

Physical Description

Hiwassee Reservoir, in the southwestern corner of North Carolina, is the second-largest of

the five reservoirs in the Hiwassee River watershed included in the Vital Signs monitoring program.

Hiwassee Reservoir is impounded by Hiwassee Dam at river mile 75.8. At full pool level, its

backwater storage pool is about 22 miles long, 6100 acres in surface area, and has a mean depth of

about 69 feet (with a maximum depth of about 255 feet at the dam). It has an average annual

discharge of about 2020 cfs and average residence time of about 105 days. Hiwassee Reservoir has

an average annual drawdown of 45 feet.

Ecological Health

Ecological health of Hiwassee Reservoir rated.poor-fair (58 percent) in 1993; lower than in

1992 and 1991. The primary factor contributing to reduced ecological health rating was addition of

sediment quality and benthic macroinvertebrates sampling in 1993. Both these indicators rated poor

or very poor at both the forebay and mid-reservoir sites. There were no other poor ratings for any

indicator, not even for DO, which was poor at the forebay in 1992. If scores for these two new

indicators (sediment quality and benthos) were deleted from calculating the overall ecological health

rating for Hiwassee Reservoir, the rating would change substantially to fair-good (72 percent),

consistent with rating for previous years. Poor ratings for sediment quality were due to toxicity to

test organisms and detectable concentrations of chlordane. Most benthos metrics were very poor and

received the lowest score possible.

Like most deep, tributary storage reservoirs with long retention times, thermal

stratification occurs during the summer in Hiwassee Reservoir. During periods of extended thermal

stratification, low concentrations of dissolved oxygen develop near the bottom of the reservoir when

oxygen is consumed by respiration and biochemical processes in the reservoir and in the sediment at a

faster rate than it is replenished by photosynthesis and reaeration from the atmosphere. Although this

low DO area develops in Hiwassee Reservoir, especially in the forebay, it is relatively small. Hence,

DO rated fair at the forebay and good at the mid-reservoir site in 1993.

The upper Hiwassee River watershed is largely forested with few sources of waste to the

river. Consequently, concentrations of nutrients are generally low and primary productivity in the

Hiwassee watershed reservoirs is also generally low. This can be seen in the fair chlorophyll rating
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at the Hiwassee Reservoir forebay in 1993 caused by low chlorophyll concentrations. Chlorophyll

concentrations were just high enough at the mid-reservoir site to rate in the good range. As is

frequently the case in oligotrophic reservoirs, lower standing stocks of fish reflect the small food

base. The fish assemblage rated fair at all locations.

Reservoir Use Suitability

No bacteriological studies were conducted in 1993. In 1990, bacteriological water quality

at four boat ramps was sampled. Fecal coliform bacteria concentrations were very low at all four

sites.

There are no fish consumption advisories on Hiwassee Reservoir. The most recent fish

tissue information is for a channel catfish composite from the forebay collected in autumn 1991. No

pesticide or PCB analytes were detected. With the exception of mercury, metal concentrations in fish

tissue were low or at expected concentrations. The mercury concentration, however, was relatively

high (0.69 lzg/g) and so was further investigated in autumn 1993. Both channel catfish and

largemouth bass composites were collected from the forebay and transition zone during autumn 1993.

Results were not available at the time this report was prepared.
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12.2 Chatuge Reservo

Physical Description

Chatuge Reservoir is located on the Georgia-North Carolina state line in northeastern

Georgia and is formed by Chatuge Dam at Hiwassee River mile (HiRM) 121.0. At full pool

elevation, the reservoir is 13 miles long and has a surface area of about 7000 acres. Its maximum

depth at the dam is 124 feet, and it has a mean depth of 33 feet. An average annual discharge of 459

cfs results in an average hydraulic residence time of about 260 days. Chatuge Reservoir has a

potential useful controlled storage of 23 feet (1928-1905 feet MSL), however, the annual drawdown

averages only ten feet.

Only the forebay of Chatuge Reservoir was monitored prior to 1993. A new monitoring

site was added in 1993 in the Shooting Creek arm to further evaluate this rather large part of the lake.

Because of its physical features, the Shooting Creek site would be expected to be representative of

forebay conditions.

Ecolgical Healh
The ecological health of Chatuge Reservoir rated better in 1993 than in previous years of

Vital Signs monitoring. Chatuge rated fair (67 percent) in 1993 compared to poor-fair in 1992 (56

percent) and 1991 (60 percent). One of the reasons for the higher rating in 1993 was improved

scores for DO, which rated good at the forebay site on the Hiwassee River and fair at the forebay site

on Shooting Creek. In 1992 DO rated poor at the forebay and a mid-reservoir site. Besides an actual

slight improvement in DO conditions, the higher DO rating in 1993 was due to an improvement in the

method for scoring for DO. Also, inclusion of scores for benthic macroinvertebrates, sampled for the

first time in 1993 and rated good at both sample sites, helped to elevate the overall ecological health

rating for Chatuge.

All other indicators (chlorophyll, sediment quality, and fish assemblage) rated fair at both

sample sites. The fair ratings for chlorophyll were due to naturally low concentrations, indicative of

the low availability of nutrients characteristic of the Hiwassee watershed. The fair ratings for

sediment quality were due to toxicity to test organisms at the forebay site on the Hiwassee River and

elevated concentrations of chromium, copper, and nickel at the Shooting Creek site.
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Reservoir Use Suitability

There are no fish consumption advisories on Chatuge Reservoir. The most recent

information available is from a channel catfish composite collected from the forebay in autumn 1991.

None of the pesticide or PCB analytes were detected. Although several metals were detected, they

occurred at low or expected concentrations.

No bacteriological studies were conducted in 1993. In 1990, bacteriological water quality

at three swimming beaches, three boat ramps, and five locations in the middle of the channel were

sampled. Fecal coliform bacteria concentrations were very low at all sites.
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12.3 Nottely Reservoi

Physical Description

Nottely Reservoir is formed by Nottely Dam at Nottely River mile 21.0 in northern

Georgia. At full pool elevation, the reservoir is 20 miles long, covers 4200 acres, and has a mean

depth of 40 feet, with a maximum depth of about 165 feet at the dam. Long-term flows from Nottely

Dam average about 415 cfs which result in an average hydraulic retention time of about 206 days.

The annual drawdown averages about 24 feet on Nottely Reservoir.

The ecological health of Nottely Reservoir rated fair again in 1993 (64 percent), slightly

higher than the fair rating in 1992 and 1991 (60 percent). The primary concern in Nottely Reservoir

is low DO conditions near bottom as evidenced by very poor DO ratings at both the forebay and mid-

reservoir locations in 1993. The only other poor rating for an indicator in 1993 was benthos at the

forebay. Interestingly, the benthos rated good at the mid-reservoir despite the very poor DO

conditions. Chlorophyll rated good at both sample sites in 1993 and sediment quality rated excellent

at the mid-reservoir site. The fish assemblage rated fair at both sample sites in 1993.

Nottely Reservoir's ecological health may not be as good as these monitoring results

suggest, however. For example, there was a fish kill near the dam in the fall of 1992 which was

probably related to low dissolved oxygen. Also, the water in Nottely Reservoir is frequently turbid

due to excessive erosion on the lands surrounding the reservoir. Of the five reservoirs in the

Hiwassee watershed (Hiwassee, Chatuge, Nottely, Blue Ridge, and Ocoee No. 1), Nottely has had the

lowest water clarity, highest chlorophyll concentrations, and highest phosphorus concentrations over

the last three years.

Reservoir Use Suitability

No fish consumption advisories have been issued for Nottely Reservoir. The most recent

fish tissue results are for a channel catfish composite collected from the forebay in autumn 1991. The

only organic analyte detected was PCBs (at a concentration of 0.2 ug/g) just above the detection limit.

A few metals were detected but only mercury (0.47 ug/g) was sufficiently high to be of interest.

Similar concentrations have been found, although not consistently, in previous screening studies on

reservoirs in the Hiwassee basin. Both channel catfish and largemouth bass composites were collected
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from the forebay in autumn 1993 and analyzed for mercury to further examine this situation. Results

were not available at the time this report was prepared.

No information was collected for bacteriological contamination at recreation areas on

Nottely Reservoir in 1993. However, the recreation area at Poteet Creek was sampled in 1990 for

fecal coliform bacteria and found to fully support water contact recreation.
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12.4 Blue Ridge Reservoir

Physical Description

Blue Ridge Dam impounds the Toccoa River at mile 53.0 in rural northwest Georgia. The

watershed is mountainous and forested, with a significant portion of the basin lying within the

Chattahoochee National Forest. At full pool, Blue Ridge Reservoir is about 11 miles long, 3300

acres in surface area, and 155 feet deep at the darn, with a average depth of 59 feet. The rate of

discharge of water from Blue Ridge Reservoir averages about 610 cfs, which results in an average

theoretical residence time of about 159 days. The annual drawdown of Blue Ridge Reservoir

averages 36 feet.

The ecological health of Blue Ridge Reservoir was good in 1993 (72 percent), similar to

that found in 1992 and 1991. Blue Ridge is an oligotrophic reservoir as evidenced by very low

summer chlorophyll concentrations at the forebay, rated fair in 1993. The excellent rating for DO

was in part related to the low primary productivity because a low oxygen demand would be required

to decompose relatively few dead algal cells. The benthic macroinvertebrate community, sampled for

the first time in 1993, rated excellent at the forebay. The fish assemblage rated poor due to low

abundance and diversity, as might be expected in an oligotrophic reservoir. Compared to the other

reservoirs in the Hiwassee watershed, Blue Ridge has had the highest water clarity and lowest

nitrogen concentrations over the three years of Vital Signs monitoring.

Reservoir Use Suitability

There are no fish consumption advisories on Blue Ridge Reservoir. The most recent fish

tissue information from Blue Ridge Reservoir is from a channel catfish composite from the forebay

collected in autumn 1991. Most pesticide and PCB analytes were not detected; those that were,

occurred in low concentrations. Likewise, all metal analytes were either not detected or were found

in low or expected concentrations.

No bacteriological studies were conducted in 1993. In 1990, bacteriological water quality

at one swimming beach was sampled. Fecal coliform bacteria concentrations were very low.

-135-

12.4 Blue Ridge Reservoir 

Physical Description 

Blue Ridge Dam impounds the Toccoa River at mile 53.0 in rural northwest Georgia. The 

watershed is mountainous and forested, with a significant portion of the basin lying within the 

Chattahoochee National Forest. At full pool, Blue Ridge Reservoir is about 11 miles long, 3300 

acres in surface area, and 155 feet deep at the dam, with a average depth of 59 feet. The rate of 

discharge of water from Blue Ridge Reservoir averages about 610 cfs, which results in an average 

theoretical residence time of about 159 days. The annual drawdown of Blue Ridge Reservoir 

averages 36 feet. 

Ecological Health 

The ecological health of Blue Ridge Reservoir was good in 1993 (72 percent), similar to 

that found in 1992 and 1991. Blue Ridge is an oligotrophic reservoir as evidenced by very low 

summer chlorophyll concentrations at the forebay, rated fair in 1993. The excellent rating for DO 

was in part related to the low primary productivity because a low oxygen demand would be required 

to decompose relatively few dead algal cells. The benthic macroinvertebrate community, sampled for 

the first time in 1993, rated excellent at the forebay. The fish assemblage rated poor due to low 

abundance and diversity, as might be expected in an oligotrophic reservoir. Compared to the other 

reservoirs in the Hiwassee watershed, Blue Ridge has had the highest water clarity and lowest 

nitrogen concentrations over the three years of Vital Signs monitoring. 

Reservoir Use Suitability 

There are no fish consumption advisories on Blue Ridge Reservoir. The most recent fish 

tissue information from Blue Ridge Reservoir is from a channel catfish composite from the forebay 

collected in autumn 1991. Most pesticide and PCB analytes were not detected; those that were, 

occurred in low concentrations. Likewise, all metal analytes were either not detected or were found 

in low or expected concentrations. 

No bacteriological studies were conducted in 1993. In 1990, bacteriological water quality 

at one swimming beach was sampled. Fecal coliform bacteria concentrations were very low. 

-135-



12.5 Ocoee Reservoir No. 1 (Parksville Reservoir)

Physical Description

Ocoee No. 1 Reservoir, also known as Parksville Reservoir, is formed by Ocoee No. I

Dam at Ocoee River mile 11.9. At full pool elevation, the reservoir has a surface area of about 1900

acres and length of 7.5 miles. Ocoee No. 1 Reservoir is located downstream from the Copper Basin,

and decades of erosion have caused significant filling of the reservoir. Ocoee No. 1 Reservoir has

lost about 25 percent of its original volume, has an average depth of 45 feet and is about 115 feet

deep at the dam. An average annual discharge of about 1400 cfs from Ocoee No. 1 Dam results in a

reservoir retention time of approximately 30 days. Although Ocoee No. 1 Reservoir is not operated

for flood control (only for peaking power generation), its annual drawdown averages about seven

feet.

Ecological Health

The ecological health of Ocoee No. 1 Reservoir rated poor in 1993 (52 percent), with little

change from the previous years of Vital Signs monitoring activities. Four indicators rated poor-

chlorophyll, sediment quality, benthic macroinvertebrates, and the fish assemblage. The reservoir is

recovering from years of pollution problems related to copper mining and industrial activities at

Copperhill. Sediment quality, sampled for the first time in 1993, reflected these historic problems

with very high concentrations of copper, lead, and zinc. Also, PCBs were detected in forebay

sediments in 1993.

In spite of the apparent availability of nutrients, algal productivity was low. High DO

concentrations (rated excellent in 1993) existed in Parksville Reservoir throughout the year. High DO

concentrations were present even in the hypolimnion at the forebay. As expected under such

conditions, the fish assemblage rated poor in 1993, comparable to previous years.

Reservoir Use Suitability

There are no fish consumption advisories in effect for Parksville Reservoir. However,

screening studies over the past several years have found PCB concentrations near the level used by

the state of Tennessee to issue a "Limit Consumption" advisory. As a result, TVA and the state

designed and conducted a more detailed sampling of fish in autumn 1992. Results of the 1992 effort

confirmed previous results of relatively high PCB concentrations in channel catfish; the average of ten
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fish was 1.5 /g/g at the forebay and 1.0/jg/g at an upper reservoir location. Largemouth bass were

also examined and found to have lower concentrations than catfish; averages at the two sites were 0.6
and 0.7 /g/g, respectively. Bluegill sunfish and rainbow trout composites from these areas had low

PCB concentrations (•_0.3 ug/g). The state of Tennessee had taken no action on these results at the

time this report was prepared.

No bacteriological studies were conducted in 1993. In 1991, the swimming area at Mac

Point was surveyed. Fecal coliform bacteria concentrations were low.
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12.6 Hiwassee River Stream Monitoring Site

Physical Description

The headwaters of the Hiwassee River are in the Chattahoochee, Nantahala, and Cherokee

Forests of the Blue Ridge physiographic province. It emerges from the mountains to flow through the

Valley and Ridge province to join the Tennessee River as an embayment of Chickamauga Reservoir.

The TVA monitoring station is located at the Patty Bridge near Benton, Tennessee. The

watershed area above the sampling site is 1300 square miles or 48 percent of the Hiwassee River

basin. Principal tributaries in the Hiwassee watershed include the Valley River (117 square miles),

Nottely River (287 square miles), Conasauga Creek (103 square miles), Toccoa-Ocoee River (639

square miles), Chestuee Creek (132 square miles), and Oostanaula Creek (69 square miles).

Oostanaula Creek, Chestuee Creek, and the Ocoee River are located below this station.

Igneous and metamorphic rocks underlie much of the basin yielding water that is very soft

and low in dissolved minerals. The major urban areas of the Hiwassee River basin include Athens,

Etowah, and Cleveland, Tennessee, in the lower basin. The smaller urban communities of the

mountains include Andrews and Murphy in North Carolina, Blue Ridge and McCaysville in Georgia,

and Copperhill in Tennessee. Runoff from land denuded by historical mining and ore processing near

Copperhill affects water quality in the Ocoee River and its three reservoirs downstream to the

confluence with the Hiwassee River.

Ecological Health

The ecological health of the stream monitoring site on the Hiwassee River was good in

1993, as in 1992. All ecological health indicators (nutrients, sediment quality, benthos, and fish

community) rated either good or fair.

Use Suittbility

No fecal coliform samples were collected in 1993. In 1989, the canoe sites, Shallow Ford

Bridge on Toccoa River upstream of Blue Ridge Reservoir, and at Mission Dam on the Hiwassee

River between Chatuge and Hiwassee Reservoirs were sampled. In 1991, the two access locations on

the Ocoee River upstream of Parksville Reservoir, and the three access sites on Hiwassee River

upstream of Chickamauga Reservoir were sampled. Bacteriological water quality at each of the sites

met the appropriate state's criterion for recreation.
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All metal and organic analytes in fish tissue samples were either not detected or found in

'low concentrations.
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13.0 WATTS BAR RESERVOIR. FORT LOUDOUN RESERVOIR.
AND MELTON HILL RESERVOIR WATERSHED

This watershed area is relatively small (1370 square miles) and includes three reservoirs:

Fort Loudoun and Watts Bar Reservoirs on the Tennessee River and Melton Hill Reservoir on the

Clinch River. All three are run-of-the-river reservoirs with relatively short retention times and annual

pool drawdowns of only a few feet. The inflow of Fort Loudoun Reservoir is actually the origin of

the Tennessee River. The Holston and French Broad Rivers merge at that point to form the

Tennessee River. The Little Tennessee River, another major tributary to the Tennessee River, enters

Fort Loudoun Reservoir near the forebay. Watts Bar Reservoir is immediately downstream of Fort

Loudoun. The Clinch River, another major tributary, merges with the Tennessee River upstream of

the transition zone on Watts Bar Reservoir. Melton Hill Dam bounds the upper end of Watts Bar

Reservoir on the Clinch River and Fort Loudoun Reservoir bounds it on the Tennessee River.

Like the other watershed areas formed around one or more of the reservoirs on the

mainstream of the Tennessee River, very little of the water leaving this watershed area originates

from within. The average annual discharge through Watts Bar Reservoir is about 27,000 cfs. Of

this, about 25 percent (6800 cfs) enters from the French Broad River, 16 percent (4500 cfs) from the

Holston River, 21 percent (5700 cfs) from the Little Tennessee River, and 15 percent (4200 cfs) from

the Melton Hill Dam on the Clinch River. Another five percent (1400 cfs) is contributed by the

Emory River, a tributary to the Clinch River near the confluence with the Tennessee River. The

remaining 18 percent (4800 cfs) originates from streams which drain directly to one of these

reservoirs.

Vital Signs monitoring activities are conducted at the forebays, transition zones, and

inflows of all three of these reservoirs. Watt Bar Reservoir has two inflow sites, one near Fort

Loudoun Dam and one near Melton Hill Dam. There is one stream monitoring site on the Emory

River at Emory River Mile 18.3 (Figure 13.1).

Results for 1993 monitoring activities are provided in the following sections:

13.1 Watts Bar Reservoir

13.2 Fort Loudoun Reservoir

13.3 Melton Hill Reservoir

13.4 Emory River Stream Monitoring Site
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Fig~ure 13.1 Map of the Watts Bar Reservoir,
Fort Loudoun Reservoir, and Melton Hill
Reservoir Watershed Showing Stream and
Reservoir Monitoring Sites in 1993.
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13.1 Watts Bar Reservoir

Physical Description

Watts Bar Reservoir impounds water from both the Tennessee River and one of the major

tributaries to the Tennessee River, the Clinch River. The three dams which bound Watts Bar

Reservoir are: Watts Bar Dam located at Tennessee River Mile (TRM) 529.9, Fort Loudoun Dam

located at TRM 602.3, and Melton Hill Dam located at Clinch River mile (CRM) 23.1. The total

length of Watts Bar Reservoir, including the Clinch River arm is 96 miles, the shoreline length is 783

miles, and the surface area is 39,000 acres. The average annual discharge from Watts Bar is

approximately 27,000 cfs, providing an average hydraulic retention time of about 19 days.

The confluence of the Clinch and Tennessee Rivers is upstream of the transition zone

sampling location in Watts Bar, so biological sampling was conducted at the forebay, transition zone,

and both the Tennessee River and Clinch River inflows. Water entering Watts Bar from Melton Hill

Reservoir is quite cool due to the hypolimnetic withdrawal from Norris Reservoir (a deep storage

impoundment) upstream from Melton Hill. Water entering Watts Bar Reservoir from Fort Loudoun

Dam is usually warmer and lower in DO during summer months than water entering from Melton

Hill Dam.

The Emory River is a major tributary to the Clinch River arm of Watts Bar Reservoir and

supplies about 5 percent of the average annual flow through Watts Bar Reservoir. The Tennessee and

Little Tennessee Rivers (i.e., discharge from Fort Loudoun Dam) account for about 75 percent of the

flow, and the Clinch River (i.e., discharge from Melton Hill Dam) accounts for about 15 percent

through Watts Bar Reservoir.

Ecological Health

The ecological health of Watts Bar Reservoir was fair in 1993 (68 percent), similar to

1992 (71 percent) and 1991 (69 percent). Chlorophyll rated good at both the forebay and transition

zone locations. Sediment quality testing at the forebay found low survival of test organisms and high

concentrations of ammonia, leading to a poor rating. A fair to good rating for sediments at the

transition zone was due to traces of chlordane; no other chemical analyte was problematic and no

toxicity was found. Because of the release of water with low DOs from Fort Loudoun Dam, DO

concentrations were less than 5 mg/L (minimum 3.9 mg/L) in the Tennessee River inflow to Watts

Bar Reservoir. Benthic macroinvertebrates rated poor in 1993 at this site (as in both 1992 and 1991),
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possibly related to the low DO concentrations. The fish assemblage was also poor at this inflow site

in 1993. The inflow site on the Clinch River, downstream of Melton Hill Dam, had good DOs, but

the benthos were poor and fish assemblage fair. Compared to 1992, this was a slight decrease for the

benthos, but was similar to the previous results. All aquatic health indicators were good or excellent

at the transition zone, generally similar to 1992 observations.

Aquatic plants have declined from about 700 acres in the late 1980s to about ten acres in

1993.

Reservoir Use Suitability

Fourteen swimming areas were tested for fecal coliform concentrations in 1993. Two

other swimming sites were tested in 1990. Bacteriological water quality was within criteria at 14

sites. The other two sites met criteria if rainfall samples are excluded. Fecal coliform concentrations

at Watts Bar swimming beaches are generally higher than at other Tennessee River Reservoirs.

Monthly fecal coliform bacteria samples have been collected at the Vital Signs locations since 1990.

All samples collected from April through September have been very low.

As a result of PCB contamination, the Tennessee Department of Environment and

Conservation (TDEC) has issued advisories on consumption of several fish species from Watts Bar

Reservoir. In the Tennessee River portion a "do not consume" advisory exists for catfish, striped

bass, and striped bass/white bass hybrids. A precautionary advisory (children and pregnant or

lactating women do not eat fish; all others limit fish consumption to 1.2 pounds per month) is in
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13.2 Fort Loudoun Reservoir

Physical Description

Fort Loudoun Reservoir is the ninth and uppermost reservoir on the Tennessee River with

the dam located at TRM 602.3. The surface area and shoreline are relatively small (14,600 acres and

360 miles, respectively) considering the length (61 miles), indicating it is mostly a run-of-the-river

reservoir. The average annual discharge from Fort Loudoun Dam is 18,400 cfs which provides an

average hydraulic retention time of about ten days.

Fort Loudoun Reservoir (and the Tennessee River) is formed by the confluence of the

French Broad and Holston Rivers, with both of these rivers having a major reservoir upstream.

Douglas Dam, 32.3 miles up the French Broad River, and Cherokee Dam, 52.3 miles up the Holston

River, form deep storage impoundments, each having long retention times. Both of these deep

storage impoundments become strongly stratified during summer months resulting in the release of

cool, low DO, hypolimnetic water during operation of the hydroelectric units. Some warming and

reaeration of the water occurs downstream from Cherokee and Douglas Dams, but both temperature

and DO levels are sometimes low when the water reaches Fort Loudoun Reservoir.

Fort Loudoun Reservoir also receives surface waters from the Little Tennessee River, via

the Tellico Reservoir canal, which connects the forebays of the two reservoirs. (Since Tellico Dam

has no outlet, under most normal conditions, water flows into Fort Loudoun Reservoir from Tellico

Reservoir.) Water from Tellico Reservoir (Little Tennessee River) is often cooler and higher in DO,

and has a much lower conductivity than water in Fort Loudoun Reservoir (Tennessee River). In

1992, the forebay sampling location on Fort Loudoun Reservoir (originally located at TRM 603.2)

was moved upstream to TRM 605.5. This resulted in a better assessment of the water quality

conditions of the Tennessee River in the forebay portion of Fort Loudoun Reservoir by minimizing

the effects of the Little Tennessee River and Tellico Reservoir on the data gathered in the forebay of

Fort Loudoun Reservoir.

Although Fort Loudoun Reservoir is a mainstream reservoir, its complex set of hydrologic

conditions (cool water inflows from the Holston, French Broad, and Little Tennessee Rivers) often

causes it to exhibit several characteristics that are. more typical of a storage impoundment. In fact,

analysis of historical fisheries data for the Tennessee Valley indicates the fish community of Fort

Loudoun Reservoir is more similar to that in Valley storage impoundments than in other mainstream

reservoirs.
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Ecologicl.He
Vital Signs monitoring information showed the ecological health of Fort Loudoun

Reservoir was between fair and poor in 1993 (58 percent), basically similar to 1992 (53 percent) and

1991 (60 percent). The only ecological health indicator which rated good or excellent on Fort

Loudoun was DO at the forebay and transitions zone (no data were available from the inflow). Such

good ratings for DO were surprising based on observations of lower DOs in 1993 in other mainstream

reservoirs and historical concerns about DO in Fort Loudoun Reservoir.

Several indicators rated poor or very poor. Sediment quality at the forebay rated poor due

to high zinc concentrations, presence of chlordane, and toxicity to Ceriodaphnia. Transition zone

sediments rated fair with similar conditions as the forebay, but no toxicity to test organisms was

found. These findings are consistent with results found in previous years. The fish assemblage rated

poor at all three sample sites (forebay, transition zone, and inflow) mostly due to low species richness

and low capture rate of individuals (similar to previous years). Benthic macroinvertebrates rated very

poor at the inflow site due to low species richness and abundance (comparable to previous years).

Benthos rated fair at the forebay and transition zone. Similar results had been found at the transition

zone in previous years, but benthic invertebrates at the forebay improved in several metrics,

especially species richness and reduced dominance by tolerant organisms.

Aquatic macrophytes only covered 25 acres on Fort Loudoun Reservoir in 1993.

Coverage over the past decade has ranged 25 to 140 acres.

Reservoir Use Suitability

TDEC has issued advisories on consumption of two fish species from Fort Loudoun

Reservoir. Tennessee advises people not to eat catfish taken from Fort Loudoun Reservoir because of

high levels of PCBs. Also, largemouth bass should not be eaten if they weigh over two pounds or are

caught in the Little River embayment due to PCB contamination.

Fort Loudoun Reservoir has had a PCB problem for more than 20 years. Initially, TVA

and state agencies examined a variety of species from throughout the reservoir to document the

geographical and species variation. The study now continues as a trend study in which there is an

annual collection of catfish from one location. PCB concentrations in catfish have varied over the

years with no distinct trend.

Fecal coliform concentrations at one boat ramp tested in 1993 were within criteria for

recreation. In 1989, 1990, and 1992, fecal coliform samples were collected at a total of three
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swimming beaches and 16 other sites. Bacteria concentrations were low at the swimming beaches and

other sites in the downstream portion of the reservoir. Concentrations in the upstream portion of the

reservoir, especially near downtown Knoxville, were much higher, with four sites exceeding

Tennessee criteria. Fecal coliform concentrations at the monthly Vital Signs locations sampled since

1990 have been very low except for the April 1993 samples.
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13.3 Melton Hill Reservoir

Physical Description

Melton Hill Dam is located at mile 23.1 on the Clinch River and is 56.7 miles downstream

of Norris Dam. Impounded water extends upstream from Melton Hill Dam about 44 miles. Melton

Hill Reservoir has about 170 miles of shoreline and 5690 surface acres at full pool. Average flow

through Melton Hill is about 4900 cfs resulting in an average retention time of approximately 12

days. Melton Hill is TVA's only tributary dam with a navigation lock.

The predominant factor influencing the aquatic resources of Melton Hill Reservoir,

especially the inflow and mid-reservoir areas, is the cold water entering from Norris Dam discharges.

During summer, water discharged from Norris is cold and low in oxygen content. Oxygen

concentrations are improved by a re-regulation weir downstream of Norris Dam and by atmospheric

reaeration in the river reach between Norris Dam and upper Melton Hill Reservoir. However, water

is warmed little and is still quite cool when it enters upper Melton Hill Reservoir. Bull Run Steam

Plant, located at about CRM 47, warms the water some, but water temperatures are still too cool to

support warm water biota and too warm to support cold water biota.

Ecological Health

The ecological health of Melton Hill Reservoir was in the upper end of the fair range in

1993 (68 percent, similar to 1992 and 1991). Chlorophyll and DO were excellent at both the forebay

and the transition zone. However, a poor fish assemblage was found at forebay and inflow, generally

similar to previous years. Primary problems in the fish assemblage were low species richness and

abundance in electrofishing samples. Cool water flowing in from the bottom layer of Norris Lake

causes problems for fish in Melton Hill, especially in the middle and upper sections. The water is too

cold to support fish that like warm water, but too warm to support fish that thrive in cold water. The

benthic macroinvertebrate community rated poor at the forebay and very poor at the transition zone

and inflow, generally similar to previous years. Components of the benthos resulting in poor metrics

were absence of long-lived and intolerant species and dominance by tolerant species.

Aquatic macrophyte coverage on Melton Hill Lake in 1993 was about 240 acres. During

the past decade, coverage has ranged from about 100 to 250 acres.
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Reservoir Use Suitability

No bacteriological studies were conducted at recreation areas in 1993. In 1989, samples

were collected at four boat ramps during a period of high rainfall, and fecal coliform concentrations

were high. In 1990, two swimming beaches and six other sites were tested during a more normal

rainfall period. Concentrations were lower and within recreation criteria. Fecal coliform

concentrations at the monthly Vital Signs locations sampled since 1991 have generally been low.

TDEC has advised the public to avoid consumption of catfish from Melton Hill Reservoir

because of PCB contamination. Samples are collected annually from the transition zone and near the

inflow by TVA and from the forebay by the Oak Ridge National Laboratory as part of ongoing,

cooperative studies. PCB concentrations in catfish collected in autumn 1992 generally fell within the

range found in previous years.

-150-

Reservoir Use Suitability 

No bacteriological studies were conducted at recreation areas in 1993. In 1989, samples 

were collected at four boat ramps during a period of high rainfall, and fecal coliform concentrations 

were high. In 1990, two swimming beaches and six other sites were tested during a more normal 

rainfall period. Concentrations were lower and within recreation criteria. Fecal coliform 

concentrations at the monthly Vital Signs locations sampled since 1991 have generally been low. 

TDEC has advised the public to avoid consumption of catfish from Melton Hill Reservoir 

because of PCB contamination. Samples are collected annually from the transition zone and near the 

inflow by TV A and from the forebay by the Oak Ridge National Laboratory as part of ongoing, 

cooperative studies. PCB concentrations in catfish collected in autumn 1992 generally fell within the 

range found in previous years. 

-150-



13.4 Emory River Stream Monitoring Site

Physical Description

The majority of the Emory River drainage area lies in the Cumberland Plateau and flows

through the Tennessee counties of Cumberland, Morgan, and Roane. The Emory River leaves the

plateau and cuts more than 600 feet down the eastern escarpment to join the Clinch River in the

Valley and Ridge physiographic province as a major embayment to Watts Bar Reservoir.

The TVA monitoring station is located at the USGS stream gage at Oakdale. The Emory

River drainage above Oakdale is 764 square miles or 88 percent of the entire Emory River basin.

The principal tributary to the Emory is the Obed River (520 square miles). The principal tributaries

to the Obed are Clear Creek (173 square miles) and Daddy's Creek (175 square miles).

Sandstone, shale, and conglomerates underlie most of the Emory River basin. Most of the

basin is forested. About one-fourth of the basin lies within the Catoosa Wildlife Management Area,

while about 5 percent is used for agriculture and 1 percent is used for surface coal mining. The only

urban area above Oakdale is Crossville, Tennessee, near the headwaters of the Obed River.

EcoogicalHalt
The overall ecological health of the Emory River at the stream monitoring site was good in

1993. This is an improvement over 1992 when fair conditions were found. The primary problem

found in 1992 was poor sediment quality, evidenced by poor survival of test organisms. This was not

the case for 1993 as no sediment toxicity was found.

Use Suabillty

There were no bacteriological studies conducted on the Emory River in 1993.

A five fish composite each of carp, channel catfish, and largemouth were collected during

summer 1992 and analyzed for selected metals, pesticides, and PCBs. Only PCBs in channel catfish

were high enough to be of interest. The concentration was near that used to indicate need of more

intensive investigation. Samples collected in summer 1993 should help evaluation of this situation.
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14.0 CLINCH RIVER AND POWELL RIVER WATERSHED

This long, narrow watershed lies in southwest Virginia and northeast Tennessee. Streams

in the watershed have high concentrations of dissolved minerals and generally low concentrations of

nutrients.

For management purposes, an artificial ending point of the watershed has been established

at Norris Darn, which is near Clinch River mile 80. The remainder of the Clinch River is associated

with the Watts Bar, Fort Loudoun, and Melton Hill Reservoir Watershed area. As defined, this

watershed drains an area of 2912 square miles and has an average annual discharge of about 4200 cfs.

The Clinch and Powell Rivers contribute about 80 percent of this flow.

Norris Reservoir is the only major reservoir in the watershed; essentially all streams

upstream from Norris are free flowing. There are three Vital Signs monitoring sites in Norris

Reservoir (forebay and mid-reservoir sites on the Clinch and Powell arms) and two stream sites, one

each on the Clinch and Powell Rivers (Figure 14.1). Results from 1993 monitoring activities are in

Section 14.1 for Norris Reservoir, Section 14.2 for the Clinch River stream monitoring site, and

Section 14.3 for the Powell River stream monitoring site.
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Figure 14.1 Map of the Clinch River
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14.1 Norris Reservoir

Physical Description

Norris Reservoir is formed by Norris Dam at Clinch River mile (CRM) 79.8. It is a

large, dendritic, tributary storage impoundment of the Clinch and Powell Rivers which flow together

about nine miles upstream of the dam. Norris is one of the deeper TVA tributary reservoirs, with

depths over 200 feet. Annual drawdown averages about 32 feet. At full pool, the surface area of the

reservoir is 34,200 acres, the shoreline is about 800 miles in length, and water is impounded 73 miles

upstream on the Clinch River and 53 miles upstream on the Powell River. Norris Reservoir has a

long average retention time (about 245 days) and an average annual discharge of approximately 4200

cfs. Due to the great depth and long retention time of Norris Reservoir, significant vertical

stratification is expected. Additional information about the physical and hydrologic characteristics of

Norris Reservoir are given in Table 4.1. 1

Because of the confluence of the Clinch and Powell Rivers relatively close to the dam,

three reservoir sampling locations were established: one forebay site; and two mid-reservoir sites--

one on the Clinch River and one on the Powell River.

Norris is an oligotrophic reservoir with very clear water. There is little algal primary

production because of phosphorus limitations. The ecological health of Norris Reservoir in 1993 was

fair (67 percent), with conditions about the same as in 1992 and 1991 (60-67 percent). Dissolved

oxygen concentrations in the deeper portions of Norris Reservoir, particularly at the mid-reservoir

locations on the Clinch and Powell Rivers, have historically been low. This condition, although

undesirable, is often observed in deep, thermally stratified tributary reservoirs with long retention

times.

As expected, 1993 DO concentrations rated very poor at both mid-reservoir sites. The

rating for DO at the forebay was poor in 1993 compared to fair in 1992. The 1992 results had

indicated a slight improvement over 1991 conditions.

As in the past, low nutrient concentrations in the forebay resulted in low algal levels and a

fair rating for chlorophyll in 1993. The effects of low primary productivity usually manifests itself

throughout the food chain and results in a low overall abundance of fish. The fish assemblage rated

fair at the forebay in 1993, primarily due to low abundance and low species richness. At both mid-
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reservoir sites, both chlorophyll and fish assemblages rated good. The benthic macroinvertebrate

community rated fair at the forebay and mid-reservoir site on the Clinch arm of Norris Reservoir and

good at the mid-reservoir site on the Powell arm. Given the low DO concentrations near the bottom,

fair to good ratings for benthic macroinvertebrates are better than would be expected. This suggests

that the benthic community is able to recover quickly between autumn reoxygenation of bottom

sediments and sample collection the following spring. Another possible explanation is that some of

the samples collected along the transect were above the oxygen-stressed stratum. Results from

individual samples suggest both factors contributed to the observed ratings.

Reservoir Use Suitability

There are no fish consumption advisories on Norris Reservoir. Channel catfish were

collected for screening purposes in autumn 1992. All analytes were low or not detected except PCBs.

The highest PCB concentration was 0.9 ug/g. Concentrations this high had not been found before.

Areas were resampled in autumn 1993 to further examine PCB concentrations, but results were not

available at the time this report was prepared.

Fecal coliform bacteria samples were collected at five sites in 1993. Concentrations were

very low at all five sites. In 1991, ten sites were sampled. Fecal coliform concentrations were

generally higher in 1991 than in 1993, possibly due to higher rainfall in 1991. However, in 1991 all

sites met the geometric mean bacteriological water quality criterion for recreation. In 1991 three sites

exceeded one of EPA's recommended guidelines; more than 10 percent of the samples had fecal

coliform concentrations greater than 400/100 mL. Fecal coliform sampling at the Vital Signs

locations was discontinued in 1993. Fecal coliform concentrations at the three Vital Signs stations

sampled from 1990 to 1991 were very low.
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14.2 Clinch River Stream Monitoring Site

Physical Description

The TVA stream monitoring station is located at the USGS stream gage near Tazewell,

Tennessee, just upstream of the impounded water of Norris Reservoir, at CRM 159.8. The Clinch

River basin above the monitoring site is 1474 square miles or 33 percent of the total Clinch River

basin. Three-quarters of the monitored area lies within Virginia. Principal tributaries in the

monitored area are the North Fork Clinch River (87 square miles), Guest River (102 square miles),

Little River (126 square miles), Copper Creek (133 square miles), and Big Cedar Creek (86 square

miles).

The headwaters of the upper Clinch River drain the eastern escarpment of the Cumberland

Plateau (including portions of the Jefferson National Forest), then flow southwest through the Valley

and Ridge physiographic province in a valley parallel to and southeast of the Powell River. Land use

in the basin is 70 percent forestry and 30 percent agriculture. Coal mining occurs in some areas.

Ecological Health

The overall ecological health of the Clinch River at this site was good as in 1992.

Conditions for fish and bottom-dwelling animals remained good in 1993. Sediment quality showed an

improvement over 1992, with the rating changing from fair to good.

Use Suitabily

Concentrations of fecal coliform bacteria were very low in 1993 at the weir and canoe

launch site in the Clinch River downstream of Norris Dam. Concentrations were higher in 1991

when the canoe launch site had been tested.

All analytes in fish tissue samples collected during summer 1992 were either not detected

or found in low concentrations.
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14.3 Powell River Stream Monitoring Site

Physical Description

The Powell River joins the Clinch River 10 miles upstream from Norris Dam and forms a

major embayment to Norris Reservoir. Most of the Powell River headwaters and tributary streams

drain portions of the eastern border of the Cumberland Plateau, but the main river is predominantly in

the Valley and Ridge physiographic province. The river flows for more than 195 miles through

southwestern Virginia and northeastern Tennessee. The total drainage of the Powell River basin is

938 square miles.

The TVA monitoring station is located near Arthur, Tennessee. Above this location the

area of the basin is 685 square miles or 73 percent of the entire Powell River watershed. Principal

tributaries above Arthur include Indian Creek (66 square miles) and the North Fork Powell River

(90 square miles).

Land use in the basin is 75 percent forest, 20 percent agriculture, and almost 5 percent

surface mining, primarily in the upper reaches in southwestern Virginia. Only small urban areas are

located in the Powell River watershed.

Ecolo2ical Health

Conditions for fish and bottom-dwelling animals improved to good in 1993. The change

from a fair to a good classification was a result of greater numbers and higher quality bottom-

dwelling organisms present. The Powell River watershed is heavily mined for coal and has a history

of illegal discharges of blackwater into the river from coal washing facilities.

Use Suitability

There were no bacteriological studies conducted on the Powell River in 1993.

All analytes in fish tissue samples collected in summer 1993 wre either nondetectable or

found low concentrations.
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15.0 LITTLE TENNESSEE RIVER WATERSHED

The Little Tennessee River Watershed encompasses 2672 square miles, mostly in

Tennessee and North Carolina with a small area in Georgia. Much of the watershed is forested, with

the headwaters in the Blue Ridge Mountains. The basin is underlain mostly by crystalline and

metasedimentary rocks of the Blue Ridge province. This watershed is home to a large variety of

federally listed threatened and endangered species.

Most of the streams in the watershed are steep gradient and generally have low

concentrations of both dissolved minerals and nutrients. The two largest tributaries to the Little

Tennessee River are the Tuckasegee River which merges with the Little Tennessee in Fontana

Reservoir and the Tellico River which merges with the Little Tennessee in Tellico Reservoir.

There are several reservoirs in the watershed but only Fontana Reservoir in the

mountainous area and Tellico Reservoir at the lower end of the watershed are monitored (Figure

15.1). TVA does not monitor the other reservoirs either because of their small size or because they

are owned by the Aluminum Company of America (ALCOA).

Two sites are monitored on Tellico Reservoir (the forebay and transition zone) and three

sites on Fontana Reservoir (the forebay and mid-reservoir sites on the Little Tennessee River and

Tuckasegee River). There is one stream monitoring site in the watershed, on the Little Tennessee

River upstream of Fontana Reservoir. Another stream monitoring site (on the Tuckasegee River) is

being added in 1994. Results of 1993 monitoring activities are provided in the following sections:

15.1 Tellico Reservoir

15.2 Fontana Reservoir

15.3 Little Tennessee River Stream Monitoring Site
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15.1 Tellico Reservoir

Physical DescriCtion

Tellico Dam is located on the Little Tennessee River just upstream of the confluence of the

Little Tennessee and Tennessee Rivers. It is the last dam completed in the TVA system with dam

closure in 1979. Tellico Reservoir is 33 miles long, has a shoreline of 373 miles, and has a surface

area of about 16,000 acres at full pool. The average estimated flow through Tellico Reservoir is

approximately 5700 cfs which provides an average retention time of about 37 days. Very little of this

water is discharged through Tellico Dam. Rather, it is diverted through a navigation canal to Fort

Loudoun Reservoir near the dam for hydroelectric power production. Water characteristics in these

two reservoirs differ considerably as discussed in Section 13.2, Fort Loudoun Reservoir. The

hydrodynamics and exchange of water via the inter-connecting canal significantly affect water quality

within Tellico Reservoir (and Fort Loudoun Reservoir). The canal is only 20-25 feet deep, but the

depth of Tellico Reservoir at the forebay is about 80 feet. Thus, water at strata below about 25 feet

is essentially trapped and becomes anoxic during much of the summer in the forebay of Tellico

Reservoir.

The impounded water of Tellico Reservoir extends upstream of the confluence of the Little

Tennessee and Tellico Rivers. The transition zone site selected for sample collection in 1990, 1991,

and 1992 was in the Little Tennessee River, just upstream of the confluence with the Tellico River at

Little Tennessee River Mile (LTRM) 21.0. Water conditions at that site are largely controlled by

discharges from Chilhowee Dam at LTRM 33.6. This water is cold, nutrient poor, and has a low

mineral content, conditions that are not conducive to establishing a diverse, abundant aquatic

community. In 1993, the transition zone sampling location in Tellico Reservoir was moved six miles

downstream to LTRM 15.0, just below the confluence of the Tellico River--a site more characteristic

of lacustrine rather than riverine conditions.

Ecological Health

Tellico Reservoir received a better ecological health rating in 1993 than in previous years.

The rating was 63 percent (fair) for 1993 compared to 48 percent in 1992 and 44 percent in 1991

(both poor). The primary causes of the higher score were better ratings for DO at the forebay

(mostly the result of an improved, more accurate method of calculating the score for this indicator)

and addition of information from the transition zone collection site which was relocated in 1993. The
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change in DO scoring resulted in forebay DO being rated fair in 1993, whereas it had preciously been

rated poor every year. Other than that change, all indicators at the forebay rated the same in 1993 as

in previous years--poor sediment quality and benthic macroinvertebrate community, good chlorophyll,

and fair fish assemblage.

Two indicators, chlorophyll and DO, received excellent ratings at the new transition zone

site. The other three rated poor-sediment quality (presence of chlordane and significant toxicity),

benthos (mostly due to absence of long-lived and sensitive organisms), and fish assemblage (few fish

collected in gill netting efforts, which affected several metrics).

The higher ecological health score for 1993 is considered to be more representative of the

true environmental conditions in Tellico Reservoir than previous scores.

Most of the 246 acres of aquatic macrophytes on Tellico Lake in 1993 were in the Tellico

River arm of the reservoir.

Reservoir Use Suitability

No bacteriological studies were conducted at recreation areas in 1993. In 1992, fecal

coliform samples were collected at four swimming beaches and five other sites on the reservoir.

Bacteria concentrations were low. Fecal coliform concentrations at the monthly Vital Signs locations

sampled since 1991 have been very low.

The state has advised that catfish from Tellico Reservoir should not be eaten because of

PCB contamination. Fish were collected in autumn 1992 for tissue analysis. Channel catfish were

collected as part of a continuing effort to examine the trend in PCB concentrations. Results indicate

the PCB problem continued to exist with no downward trend.
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15.2 Fontana Reservoir

Physical Description

Fontana Reservoir is located in the Blue Ridge Mountains of western North Carolina.

Fontana is the deepest reservoir in the TVA system. At full pool it has a maximum depth of 460

feet, a length of 29 miles, a shoreline of 248 miles, and a surface area of 10,640 acres. Fontana

Reservoir has a relatively large drawdown, which averages about 64 feet annually. Every fifth year

Fontana is drawn even deeper to allow sluice gate access for maintenance.

Fontana Dam is located at Little Tennessee River Mile 61.0. Average annual discharge is

3840 cfs which provides an average hydraulic retention time in the reservoir of 186 days.

Water in Fontana Reservoir is quite clear due to limited photosynthetic activity and a

mostly forested watershed. Water entering the reservoir is low in nutrients and dissolved minerals.

Ecological Health

Fontana Reservoir rated fair in 1993 (64 percent), the first year of Vital Signs monitoring.

Fontana is an oligotrophic reservoir with very low chlorophyll concentrations resulting in fair ratings

at all three sites. Further evidence of the low primary productivity is the clear, blue water (indicating

low abundance of algae and lack of green phytoplankton pigments). Secchi depths averaged almost

6 meters in the forebay of Fontana in 1993. The fish assemblage also rated fair at all locations,

probably related to the low primary productivity. Ratings for DO varied from excellent at the mid-

reservoir site on the Little Tennessee River to poor at the mid-reservoir site on the Tuckasegee River,

with a fair rating at the forebay. Sediment quality also varied greatly among the three locations-poor

at the forebay, good at the mid-reservoir site on the Tuckasegee arm, and excellent on the Little

Tennessee arm. Rating for the benthic macroinvertebrate community also varied greatly from very

poor at the forebay to fair at the Little Tennessee River mid-reservoir site. The benthos rating at the

forebay was not included in determining the overall ecological health score because part of the

transect sampled was in the drawdown zone.

Reservoir Use Suitability

Channel catfish were collected in autumn 1992 from the forebay and mid-reservoir site on

the Little Tennessee River. Analysis of composited fillets from each area found most analytes were

not detected or had low concentrations. The exceptions to this were mercury at both locations
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(maximum of 0.53 jig/g) and PCBs at the forebay (1.1 g/g). Channel catfish were collected again in

1993 from both locations and analyzed for the same analytes with close attention for PCBs at the

forebay. Largemouth bass were also collected in autumn 1993 from both locations to further examine

mercury concentrations. Results were not available at the time this report was prepared.

There were no bacteriological studies conducted on Fontana Reservoir in 1993.
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15.3 Little Tennessee River Stream Monitorin2 Site

Physical Description

The Little Tennessee River drains 2727 square miles and flows more than 140 miles

through the Blue Ridge physiographic province of western North Carolina and the Valley and Ridge

province of East Tennessee. It joins the Tennessee River near Lenoir City, Tennessee.

The TVA monitoring station is located near Needmore, North Carolina. The drainage area

upstream from the monitoring site is 440 square miles or 16 percent of the entire Little Tennessee

River basin. Principal tributaries to the Little Tennessee River include Abrams Creek (88 square

miles), Cheoah River (215 square miles), Nantahala River (175 square miles), Cullasaja River (93

square miles), and the Tuckasegee-Oconaluftee River (734 square miles). The Cullasaja River is the

only major tributary within the monitored area. The basin has been extensively developed with TVA

reservoirs (Tellico and Fontana) and private power dams (Chilhowee, Calderwood, Cheoah,

Santeetlah, Nantahala, Franklin, and Thorpe).

Igneous and metamorphic rock underlies all of the basin. Much of the basin is located

within the federally managed lands of the Great Smoky Mountains National Park and Cherokee and

Nantahala National Forests. Franklin, Sylva, Bryson City, and Robbinsville, North Carolina, are the

primary urban areas in the basin.

Ecological Health

The stream monitoring site on the Little Tennessee River (at LTRM 94.5) had a very good

ecological health rating in 1993 (as in 1992). All indicators (nutrients, sediment quality, benthos, and

fish) were rated good.

Use Suitability

No bacteriological studies have been conducted in the streams of this watershed under this

monitoring program.

All analytes in fish tissue samples collected during summer 1993 were either below

detection limits or found in low concentrations.
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16.0 FRENCH BROAD RIVER WATERSHED

The French Broad River watershed is one of the largest (5124 square miles) watersheds in

the Tennessee Valley. About half the watershed is in Tennessee and half is in North Carolina. The

French Broad River and its two large tributaries (Nolichucky and Pigeon Rivers) originate in the Blue

Ridge Mountains. All three of these rivers merge at the upper end of Douglas Reservoir, the only

sizable reservoir in the watershed. The water in the French Broad River is moderately hard and

relatively high in nutrients.

There are three reservoir Vital Signs monitoring sites on Douglas Reservoir and one

stream monitoring site each on the French Broad and Nolichucky Rivers (Figure 16.1). A stream

monitoring site on the Pigeon River is being added in 1994. All stream monitoring sites are upstream

of Douglas Reservoir.

Results from 1993 Vital Signs monitoring activities are provided in the following sections:

16.1 Douglas Reservoir

16.2 French Broad River Stream Monitoring Site

16.3 Nolichucky River Stream Monitoring Site
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16.1 Douglas Reservoir

Physical Description

Douglas Reservoir is a deep storage impoundment (tributary reservoir) on the French

Broad River. Douglas Dam is located 32.3 miles upstream of the confluence of the French Broad and

Holston Rivers which form the Tennessee River. Reservoir drawdown during late summer and

autumn is rather large, with an annual average of about 48 feet. The large annual fluctuation in

surface water elevation causes other physical characteristics such as surface area, reservoir length, and

retention time to vary greatly during the year. At full pool, maximum depth at the dam is 127 feet,

surface area is 30,400 acres, the shoreline is 555 miles, and the length is 43 miles. Average annual

discharge is approximately 6780 cfs, which provides an average hydraulic retention time of about 105

days.

Lengthy retention times and lack of mixing due to their deep nature tend to cause storage

impoundments to have strong thermal stratification during summer months. Undesirable conditions

often develop in the hypolimnion due to anoxia, which in most cases extends from the forebay to the

mid-reservoir sampling location.

Ecological Health

The ecological health of Douglas Reservoir was fair to poor (58 percent) in 1993, with

little change compared to 1991 and 1992. Factors adversely affecting the ecological health of

Douglas Reservoir were strong thermal stratification and high nutrient loadings. This combination

results in hypolimnetic anoxia and release of iron and manganese, phosphorus, and ammonia from the

sediment and excessive eutrophication of the reservoir. Ratings for DO were very poor at both the

forebay and mid-reservoir sites in 1993 due to very low hypolimnetic DO at both locations and low

surface DO at the forebay. This hypolimnetic anoxia promoted the release of ammonia (and sulfide)

from the sediment and negatively impacted the benthic community. The benthic macroinvertebrates

rated poor at the forebay (samples were not collected from the mid-reservoir site). Sediment quality

rated good at the forebay but poor at the mid-reservoir site. The fish assemblage was fair at the

forebay and good at the mid-reservoir site. Chlorophyll rated good at the forebay, but only fair at the

mid-reservoir site because concentrations were relatively high, indicative of high nutrients and high

primary productivity.
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Reservoir Use Suitability

There are no fish consumption advisories on Douglas Reservoir. However, fish from the

Pigeon River upstream of Douglas Reservoir should not be eaten because of dioxin contamination.

The most recent collection of fish from Douglas Reservoir was in autumn 1992. TVA collected fish

samples and provided fillets to the Tennessee Department of Environment and Conservation for

analysis. Results were not available at the time this report was prepared.

Fecal coliform concentrations were very low at the swimming beach and two boat ramps

tested in 1993. Fecal coliform bacteria sampling at the two Vital Signs stations was dropped in 1993.

From 1990 to 1992, concentrations were very low.
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16.2 French Broad River Stream Monitoring Site

Physical Description

The French Broad River is a major tributary to the Tennessee River system, flowing

westward out of the Appalachian Mountains for more than 220 miles to meet the Holston River and

form the Tennessee River.

The drainage basin above the stream monitoring site at the USGS stream gage at near

Newport, Tennessee, is 1858 square miles or 36 percent of the watershed. Principal tributaries in the

monitored area include Big Laurel Creek (132 square miles), Ivy Creek (161 square miles), the

Swannanoa River (133 square miles), Hominy Creek (104 square miles), and Mud Creek (113 square

miles). Two major tributaries enter the French Broad River below the monitoring site. They include

the Nolichucky River (1756 square miles) and the Pigeon River (689 square miles).

Ecological Health

The ecological health of the stream monitoring site at the French Broad River site rated

poor in both 1993 and 1992. Nutrients rated poor because of high concentrations of phosphorus.

Inflows of nutrients promote the excessive algal productivity in Douglas Reservoir. The fish

community on the French Broad River was poor in 1993, same as in 1992. Given the poor water

quality of the Nolichucky and French Broad Rivers flowing into Douglas Reservoir, the poor-fair

ecological health of the reservoir is not unexpected. Together the Nolichucky and French Broad

Rivers provide about 75 percent of the total inflow to Douglas Reservoir.

Use Suitabilitvy

No bacteriological studies were conducted as part of the monitoring program in 1993. All

analytes in fish tissue samples collected during summer 1993 were either not detected or found in low

concentrations.
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16.3 Nolichucky River Stream Monitoring Site

Physical Description

The Nolichucky River is a major tributary to the French Broad River basin and joins the

French Broad River at the upstream end of Douglas Reservoir. The Nolichucky River Basin is 1756

square miles. The upper portion of the basin (approximately 60 percent) lies in the Blue Ridge

physiographic province while the remainder lies in the Valley and Ridge province.

The stream monitoring location is at the TVA stream gage at the David Thomas bridge

near Lowlands, Tennessee. The Nolichucky River basin above the monitoring site is 1686 square

miles or 96 percent of the entire Nolichucky River basin. Principal tributaries in the monitored area

include North Toe River (442 square miles) and Cane River (158 square miles) in the Blue Ridge

physiographic province and Lick Creek (266 square miles) in the lower Valley and Ridge province.

The upper portion of the Nolichucky River basin is primarily forested, while the lower

portion is agricultural. High concentrations of solids from mica and feldspar mining and processing

near Spruce Pine on the North Toe River have severely impacted the streambed downstream. In

addition to Spruce Pine, other urbanized areas include Greeneville and Erwin, Tennessee.

Ecoloeical Health

The overall ecological health of the Nolichucky River at this site was good in 1993, as

opposed to fair in 1992. The change was driven by improvements in the fish community, the absence

of acute sediment toxicity, and improvements in nutrient concentrations. The conditions for bottom-

dwelling animals remained unchanged.

Use Suitability

Bacteriological studies were not conducted as part of this monitoring program in this

watershed in 1993.

All analytes in fish tissue samples collected during summer 1993 were either not detected

or found in low concentrations.
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17.0 HOLSTON RIVER WATERSHED

The Holston River Watershed encompasses 3776 square miles, mostly in upper east

Tennessee and southwest Virginia and a small area in North Carolina. The area is relatively highly

populated with substantial industrial development.

Much of the area is underlain with limestone and dolomite which results in high

concentrations of dissolved minerals in the streams. There is also substantial zinc mining in the

watershed.

There are several reservoirs in the watershed with varying size, depth, flow, and water

quality characteristics. The largest is Cherokee Reservoir on the Holston River near the lower end of

the watershed. The uppermost reservoirs are Watauga Reservoir on the Watauga River and South

Holston Reservoir on the South Fork Holston River. Downstream from these reservoirs, the Watauga

and South Holston Rivers merge in Boone Reservoir. Immediately downstream from Boone Dam is

Fort Patrick Henry Reservoir, the smallest of the five reservoirs in this watershed included in the

Vital Signs Monitoring Program. A few miles downstream from Fort Patrick Henry Dam the South

Fork and North Fork Holston Rivers merge to form the Holston River.

Vital Signs monitoring activities are conducted at one, two, or three locations depending

on reservoir size and characteristics (Figure 17. 1). There is also a stream monitoring site on the

Holston River upstream of Cherokee Reservoir.

The average annual discharge from Cherokee Dam is 4460 cfs. The Holston River merges

with the French Broad River at Knoxville to form the Tennessee River.

Results from Vital Signs monitoring activities in 1993 are in the following sections:

17.1 Cherokee Reservoir

17.2 Fort Patrick Henry Reservoir

17.3 Boone Reservoir

17.4 South Holston Reservoir

17.5 Watauga Reservoir

17.6 Holston River Stream Monitoring Site
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Figure 17.1 Map of the Holston River
Watershed Showing Stream and Reservoir
Monitoring Sites in 1993.
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17.1 Cherokee Reservoir

Physical Descrintion

Cherokee Reservoir is formed by Cherokee Dam at Holston River mile (HRM) 52.3. Like

Norris and Douglas Reservoirs, it is a large, relatively deep, tributary storage impoundment with a

substantial drawdown which begins in late summer. When the water surface is at full pool, maximum

depth at the dam is 163 feet and winter drawdown is 53 feet. However, full pool is not reached most

years, and the long-term average drawdown is about 28 feet. At full pool, Cherokee Reservoir is 54

miles long, has a surface area of 30,300 acres, and a shoreline of 393 miles. Average annual

discharge is about 4500 cfs which provides an average hydraulic retention time (at full pool) of

approximately 165 days.

Like other deep storage impoundments with long retention times, Cherokee Reservoir

exhibits strong vertical stratification during summer months. The hypolimnetic oxygen deficit on

Cherokee is one of the worst of all Vital Signs monitoring reservoirs and has been well documented

in numerous past studies (Iwanski, 1978; Iwanski et al., 1980; Hauser et al., 1987).

Ecological Health

The ecological health of Cherokee Reservoir rated fair (64 percent) in 1993, which was

higher than poor ratings in 1992 (55 percent) and poor to fair ratings in 1991 (60 percent). The

improved ecological health rating compared to 1992 resulted mostly from addition of benthic

macroinvertebrate information from the upper reservoir sample site, and from slight improvements

(decreases) in chlorophyll concentrations at the mid-reservoir site. Although benthos data were

collected from Cherokee Reservoir in 1992, ratings were not available for 1992 results because of an

insufficient data base to establish expected (reference) conditions for the benthic macroinvertebrate

community in tributary storage reservoirs. Additional benthos sampling in 1993 on Cherokee plus

several other similar reservoirs provided sufficient data to establish at least preliminary expectations

for reservoirs of this type. The benthic community rated fair at the forebay and excellent at the upper

monitoring site indicating very good conditions there. Improvements noted for chlorophyll at the

mid-reservoir site in 1993, rated good compared to fair in 1992 (due to high averages during

summer), also helped elevate the overall ecological rating in 1993 compared to 1992.

A problem consistently found in Cherokee Reservoir is very low DO concentrations at the

forebay and mid-reservoir sites. Both rated very poor in 1993. This near-bottom low dissolved
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oxygen condition, often observed in deep tributary reservoirs with long retention times, is especially

severe in Cherokee Reservoir, resulting in high concentrations of un-ionized ammonia in sediment.

The fair fish community observed at all monitoring sites in 1993 was probably also influenced to

some extent by the low oxygen concentrations in Cherokee Reservoir. Sediment quality rated poor at

the mid-reservoir site due to high ammonia and copper concentrations coupled with significant toxicity

to rotifers.

Reservoir Use Suitabilit

There are no fish consumption advisories on Cherokee Reservoir. Channel catfish for

screening tissue analysis were collected in autumn 1992. All analytes were not detected or found in

low concentrations except PCBs. Maximum PCB concentrations were 0.8 /ug/g at the forebay in

1992. Screening samples were collected again in 1993 to further examine PCB concentrations, but

results were not available at the time this report was prepared.

Fecal coliform concentrations were low at all test sites in 1993--a swimming beach, seven

boat ramps, and one other site tested. Fecal coliform bacteria sampling at the two Vital Signs stations

was discontinued in 1993. From 1990 to 1992, concentrations were very low.
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17.2 Fort Patrick Henry Reservoir

Physical Description

Fort Patrick Henry Reservoir is one of the smaller reservoirs included in the Vital Signs

Monitoring Program. It is only ten miles long, has a surface area of about 870 acres, and has a

shoreline of 37 miles. Although it is a tributary reservoir, it has characteristics of a run-of-river

reservoir, rather than a storage reservoir. Annual fluctuation in elevation is only five feet. Also,

retention time is short; with an average discharge of 2650 cfs, the hydraulic retention time is only

about five days. Maximum depth is about 80 feet. Fort Patrick Henry Dam is located at South Fork

Holston River mile 8.2.

This reservoir had not been sampled as part of this monitoring effort prior to 1993.

Because of its small size, only the forebay is monitored for Vital Signs.

The ecological health of Fort Patrick Henry Reservoir was fair to good (72 percent) in

1993. DO was the only indicator which rated excellent and sediment quality was the only indicator

which rated good. Chlorophyll rated fair, with the average annual concentration only slightly above

the level considered good. The benthos and fish assemblage also rated fair.

Reservoir Use Suitability

Fecal coliform concentrations at Warriors Path State Park were within Tennessee's criteria

for recreation during 1993 studies. TVA's first fish tissue studies on this reservoir were conducted in

autumn 1993; results were not available at the time this report was prepared.
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17.3 Boone Reservoi

Physical Descrintion

Boone Dam is located at South Fork Holston River mile (SFHRM) 18.6, approximately

1.4 miles downstream of the confluence of the South Fork Holston and the Watauga Rivers. At

normal maximum pool (1384 feet MSL), Boone Reservoir extends upstream approximately 17.4 miles

on the South Fork Holston River and 15.3 miles on the Watauga River for a total reservoir length of

approximately 32.7 miles. Boone Reservoir has a surface area of 4300 acres, a shoreline length of

approximately 122 miles, an average depth of 44 feet, and a maximum depth of 129 feet near the

dam. Annual average discharge from Boone Dam is about 2500 cfs, which results in an average

hydraulic residence time of about 38 days. Annual drawdowns of Boone Reservoir usually average

about 25 feet.

Three locations were selected for ecological health monitoring in Boone Reservoir, one at

the forebay and two mid-reservoir sampling locations, one on the Watauga River arm and one on the

South Fork Holston River arm. Sediment and benthic macroinvertebrate sampling were added for the

first time in 1993.

Ecological Health

The ecological health evaluation of Boone Reservoir was lower in 1993 compared to 1992.

The rating for 1993 was toward the low end of the fair range (59 percent) whereas it was in the

middle of the range in 1992 (64 percent). Ecological health ratings in both 1992 and 1993 were

higher than in 1991 when poor conditions were found (51 percent). Primary contributors to lower

scores in 1993 compared to 1992 were lower ratings for DO (fair at two locations and poor at one);

lower ratings for the fish assemblage (poor at two locations and fair at one); and addition of ratings

for the benthic macroinvertebrates (fair at two locations and poor at one). The ecological health

indicator with the best rating in 1993 was chlorophyll, which rated good at the forebay.

The DO problem at the forebay and mid-reservoir site on the South Fork Holston River

arm is different than other tributary, storage reservoirs. The typical problem is hypolimnetic anoxia,

which is the case at the Watagua River mid-reservoir site. At the other two Boone Reservoir sites,

the DO problem occurs in the middle stratum of the water column (metalimnion) due to oxygen

demand of local sewage treatment plant discharges.
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South Fork Holston River arm. Sediment and benthic macro invertebrate sampling were added for the 

first time in 1993. 

EcoloKicaJ Health 

The ecological health evaluation of Boone Reservoir was lower in 1993 compared to 1992. 

The rating for 1993 was toward the low end of the fair range (59 percent) whereas it was in the 

middle of the range in 1992 (64 percent). Ecological health ratings in both 1992 and 1993 were 

higher than in 1991 when poor conditions were found (51 percent). Primary contributors to lower 

scores in 1993 compared to 1992 were lower ratings for DO (fair at two locations and poor at one); 

lower ratings for the fish assemblage (poor at two locations and fair at one); and addition of ratings 

for the benthic macro invertebrates (fair at two locations and poor at one). The ecological health 

indicator with the best rating in 1993 was chlorophyll, which rated good at the forebay. 

The DO problem at the forebay and mid-reservoir site on the South Fork Holston River 

arm is different than other tributary, storage reservoirs. The typical problem is hypolimnetic anoxia, 

which is the case at the Watagua River mid-reservoir site. At the other two Boone Reservoir sites, 

the DO problem occurs in the middle stratum of the water column (metalimnion) due to oxygen 

demand of local sewage treatment plant discharges. 
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Reservoir Use Suitability

Studies conducted by the state of Tennessee found PCBs and chlordane in fish tissue,

resulting in a state-issued advisory that catfish and carp should not be eaten by children, pregnant

women, and nursing mothers. Further, all other people should limit their consumption of these

particular fish. Additional fish samples were collected by TVA in autumn 1993, but results were not

available at the time this report was prepared.

Bacteriological sampling was conducted at two swimming areas and four boat ramps in

1993. The geometric mean concentrations of fecal coliform bacteria were well within Tennessee's

criteria for recreation, although one sample at the Boone Dam swimming area was high.
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17.4 South Holston Reservoir

Physical Description

South Holston Reservoir in northeastern Tennessee and southwestern Virginia is created by

South Holston Dam, located on the South Fork of the Holston River at mile 49.8. The dam creates a

storage pool approximately 24 miles long, over 230 feet deep near the dam, with an average depth of

86.5 feet and approximately 7600 acres in surface area. With an average annual discharge of about

980 cfs from the dam, the average hydraulic residence time is almost one year (340 days)--one of the

longest residence times of any TVA reservoir. Average annual drawdown of South Holston Reservoir

is about 33 feet.

Two locations are monitored for Vital Signs--the forebay and mid-reservoir. Sediment and

benthic macroinvertebrate sampling were added for the first time in 1993.

Ecological Health

The ecological health evaluation of South Holston Reservoir was fair (65 percent) in 1993,

slightly better than in 1992 (57 percent) and 1991 (60 percent). A consistent problem has been with

DO concentrations (as is the case with most deep storage impoundments), which rated poor at the

forebay and very poor at the mid-reservoir site in 1993. Despite the poor ratings for DO, conditions

were slightly improved at the forebay in 1993, compared to 1992. The ecological health indicator

primarily responsible for the higher overall reservoir rating in 1993 was sediment quality (rated good

at both sample sites). Sediments had not been sampled in previous years. Another indicator added in

1993, the benthic macroinvertebrate community, received a very poor rating at the forebay (with most

metrics receiving the lowest score possible) and a fair rating at the mid-reservoir sample site.

Interestingly, scores for the benthos do not parallel those for DO at the two sample sites, indicating

other factor(s) may be affecting benthic macroinvertebrates at the forebay. The fish assemblage rated

good at the forebay and fair at the mid-reservoir site.

Reservoir Use Suitability

There are no fish consumption advisories on South Holston Reservoir. The most recent

TVA data for fish tissue samples for fish collected in autumn 1991 found low or nondetectable

concentrations of all pesticides, PCBs, and metals (except mercury which was slightly elevated).
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17.5 Watauga Reservoir

Physical Description

Watauga Dam in the northeastern corner of Tennessee impounds the Watauga River at

mile 36.7. It forms a pool 16 miles in length, approximately 6400 acres in surface area, about 274

feet deep at the dam, and an average depth of about 89 feet, making it the second-deepest reservoir

sampled as part of TVA's Vital Signs Monitoring Program. With an annual average discharge of

about 700 cfs, Watauga Reservoir also has the longest hydraulic residence time of any of the Vital

Signs reservoirs (about 400 days). Average annual drawdown of Watauga Reservoir is about 26 feet.

Two locations are monitored on Watauga Reservoir, the forebay and mid-reservoir.

Sediment quality and benthic macroinvertebrates were examined for the first time in 1993.

Ecolozical Healt

The overall ecological health for Watauga Reservoir was fair in 1993 (61 percent), about

the same as in 1992 (57 percent). The ecological health in both 1992 and 1993 rated lower than in

1991, although all three years fell within the fair range. Similar to previous years, chlorophyll rated

good at both sample sites in 1993. DO rated excellent at the forebay and fair at the mid-reservoir

sites in 1993, a slight improvement compared to 1992. The fish assemblage was poor at the forebay

in 1993 due to low abundance and diversity and rated fair at the mid-reservoir site, mostly due to low

abundance. The benthic macroinvertebrate community, not sampled in Watauga Reservoir prior to

1993, was very poor at both locations. The benthos community was among the poorest in all Vital

Signs reservoirs examined in 1993. This would not appear to be related to low DO concentrations;

instead, the poor sediment quality at the forebay (due to toxicity to test animals and high ammonia)

may have contributed to the poor benthos.

Reservoir Use Suitabilit

There are no fish consumption advisories on Watauga Reservoir. The most recent fish

tissue collections by TVA were made in autumn 1991. All pesticides, PCBs, and metals (except

mercury which was sightly elevated) were low or not detected.

Fecal coliform bacteria concentrations were very low at all five sites tested in 1993, which

included one designated and an informal swimming area.
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17.6 Holston River Stream Monitorin2 Site

Physical Description

The TVA stream monitoring station on the Holston River is located near Church Hill,

Tennessee. The Holston River basin above this location is 2819 square miles or 74 percent of the

entire Holston River basin. Two major tributaries, the North Fork Holston River (729 square miles)

and the South Fork Holston River (2048 square miles), meet above Church Hill to form the Holston

River. Principal tributaries to the South Fork Holston River include the Watauga River (869 square

miles) and the Middle Fork Holston River (244 square miles). Two notable tributaries to the

Watauga River. include the Doe River (137 square miles) and Roan Creek (167 square miles).

There are five reservoirs in the basin. Fort Patrick Henry Dam and Boone Dam impound

the lower South Fork Holston River. The South Fork Holston Dam impounds the upper South Fork

Holston River and the Middle Fork Holston River. Wilbur Dam and Watauga Dam impound the

Watauga River.

Although most of the basin land use is agricultural or forestry, several urban areas

(Kingsport, Johnson City, and Elizabethton, Tennessee, and Marion and Abingdon, Virginia) are

within the basin.

Ecological Health

The overall ecological health of the Holston River at this site was fair for 1993 as in 1992. Sediment

quality improved from fair to good, and the fish community showed a slight improvement over 1992.

Bottom-dwelling animals and nutrient ratings remain unchanged.

Use Suitability

Seven sites between Fort Patrick Henry Reservoir and South Holston Dam were tested for

fecal coliform bacteria in 1993. South Fork Holston River met bacteriological water quality criteria

for water contact recreation, and was only slightly impacted by the two tributaries tested. Thomas

and Beidleman Creeks did not meet criteria.

A five fish composite each of carp, channel catfish, and largemouth bass were collected

during summer 1992 and analyzed for selected metals, pesticides, and PCBs. All analytes were not

detected or found in low concentrations except slightly elevated levels of mercury in largemouth

(0.5 ug/g), PCBs in carp (0.6 ug/g), and chlordane in channel catfish (0.08 Ag1g).
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INTRODUCTION

The Tennessee Valley Authority (TVA) initiated a systematic, Valley-wide water quality and
aquatic ecological monitoring program in 1986, The program started with a stream component and a
reservoir component was added in 1990. The two primary objectives of these monitoring efforts are to
evaluate the ecological health (Vital Signs Monitoring) of major streams and reservoirs in the Tennessee
Valley and to examine how well these water resources meet the swimmable and fishable goals of the Clean
Water Act (Use Suitability Monitoring).

Vital Signs Monitoring

Stream monitoring has been conducted on 12 large tributaries since 1986. Beginning in 1994, six
additional tributaries will be monitored; all with watersheds of at least 500 square miles. Reservoir
monitoring started with 12 reservoirs (mostly mainstream reservoirs) in 1990 and has expanded
progressively to the full complement of 30 reservoirs in 1993. No further expansion of either stream or
reservoir monitoring is planned. This report summarizes results of these monitoring efforts in 1993.
Volume I is the main body of the report and Volume 11 is a data summary by sampling location within
watershed areas.

Until 199 1, the ecological health evaluations were based on subjective evaluation of the data. A
weight-or-evidence approach was used- a stream or reservoir was deemed healthy if most of the physical,
chemical, and biological components appeared healthy. Beginning with the 1991 results, a more
quantitative approach was developed that has been used the last three years. This approach integrates
information on important indicators of ecological health. For reservoirs, five indicators are used-
dissolved oxygen, chlorophyll a, sediment quality, benthic macroinvertebrates, and fishes. Stream
evaluations are similar except dissolved oxygen is not rated and nutrient concentrations are substituted for
chlorophyll a concentrations. For each indicator (or metric), scoring criteria are developed that assign a
score ranging form 1 to 5 representing very poor to excellent conditions. Scores for all indicators at a
location are summed. For streams and smaller reservoirs, only one site is monitored. For larger reservoirs,
multiple sites are monitored, and the overall reservoir score is achieved by totaling scores for all locations.
The resulting total is divided by the maximum possible score. Thus, the possible range of scores is from
20 percent (all metrics very poor) to 100 percent (all metrics excellent). Hence, an overall ecological health
rating of good, fair, or poor is obtained for each stream site or reservoir. A health rating border-line
between two of these categories is considered poor-fair or fair-good. Each year , the most recent
information is evaluated with the same basic approach, modified to incorporate improvements based on
comments from reviewers and additional data.

Stream monitoring results for 1993 indicated seven streams rated good (three of these with perfect
scores), three streams rated fair to good, and one stream rated poor. Full evaluation was not possible for
one stream because only three of the four indicators were monitored in 1993. The only stream to receive a
poor rating was the French Broad River. This overall rating was caused by poor scores for nutrients and
fishes, a fair score for benthos, and a good score for sediment quality.

Reservoirs are stratified into two groups for evaluation: run-of -the-river reservoirs and deep
storage reservoirs. Separate scoring criteria are used for the two categories. Overall ratings for the I11 run-
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of-the-river reservoirs in 1993 ranged from 58 to 88 percent. Four reservoirs rated good (74 to 88 percent),
three rated fair to good (71 to 73 percent), three rated fair (63 to 68 percent), and one rated poor to fair (58
percent). Overall ratings for the 19 storage reservoirs ranged from 52 to 72 percent. Two reservoirs rated
fair to good (both 72 percent), fourteen rated fair (58 to 67 percent), and three rated poor (52 to 56
percent).

Results did not yield any "big surprises"- most streams and reservoirs fell within expected
categories. Similar results were observed in both 1991 and 1992, primarily due to similar meteorological
conditions and reservoir flows during the period. Generally poorer ratings observed in storage reservoirs
were primarily because of low dissolved oxygen in the hypolimnion. This is an ecologically undesirable
condition that is mostly due to strong thermal stratification that occurs in deep reservoirs.

Use Suitability Monitoring

Use Suitability Monitoring provides screening level information on the suitability of selected areas
within TVA reservoirs for water contact activities (swimmable) as determined by bacteriological studies
and suitability of fish from TVA reservoirs for human consumption (fishable) as determined by fish tissue
studies.

Bacteriological Studies

Bacteriological samples are collected at over 200 sites in the Tennessee Valley: designated
swimming areas, canoe access sites, highly used recreational areas, and selected non-recreation sites that
provide information on pollution sources or inflow stream quality. Not all sites are sampled each year.
Beginning in 1993, each recreation site will be revisited at least every other year.

In 1993, bacteriological sampling at recreation sites was conducted at 71 swimming areas and 14
canoe access points. All but two swimming areas met the regulatory criterion to be considered safe. Even
those two sites met the criterion if samples collected after heavy rains were excluded. Four canoe access

points (all on the Duck River) exceeded the criterion, in dry or wet weather.
Bacteriological sampling at non-recreation areas was conducted at 35 sites in 1993. Only one

reservoir site and two stream sites failed to meet recreation criteria.
The results of studies summarized above are consistent with previous surveys. Fecal coliform

concentrations were generally lower in 1993 due to lower than normal summer rainfall. Bacteriological
water quality is most areas of TVA reservoirs is good. In streams it is much poorer, especially after

rainfall.

Fish Tissue Studies

Fish tissues studies examine fillets from important fish species for selected metals, pesticides, and
polychlorinated biphenyls (PCBs) on the U.S. Environmental Protection Agency's list of priority pollutants.
Resulting data are provided to appropriate state agencies to determine the need for further study and
possible issuance of fish consumption advisories. Fish tissue data reported here represent autumn 1992
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collections. Results for fish collected in autumn 1993 were not available at the time this report was
prepared due to the time required for laboratory analysis.

Results of screening studies in 1992 did not reveal any new areas in need of intensive
investigations. Concentrations of at least one contaminant were high enough to warrant sampling again at
the screening level in 1993. Results of intensive studies (i.e., in-depth studies where there are know or
suspected problems) did not indicate substantial changes from previous years.

3
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Kentucky Reservoir

Summary of 1993 Conditions - Ecological Health

Water-During the summer of 1993 (April-September), the coolest surface water temperatures in
Kentucky Reservoir were in April and the warmest in July. Surface temperatures ranged from a minimum

of 13.6°C to a maximum of 31.5°C at the forebay; from 15.8°C to 31.61C at the transition zone; and from
16. 1°C to 30.9°C at the sampling location in Big Sandy embayment. The State of Tennessee's maximum
water temperature criteria for the protection of fish and aquatic life is 30.5°C.

Dissolved oxygen (DO) concentrations at the 1.5m depth ranged from a low of 6.2 mg/i in July to a
high of 10.4 mg/l in April at the forebay; from 5.8 mg/l in August to 10.1 mg/I in June at the transition
zone; and from 6.2 mg/i in July to 10.3 mg/i in April at the sampling location in Big Sandy embayment. At
the inflow sampling site (i.e. the tailrace of Pickwick Dam) a minimum DO of 4.2 mg/i was recorded in
July. The State of Tennessee's minimum dissolved oxygen criteria for the protection of fish and aquatic life
is 5.0 mg/i, measured at the 1.5m depth.

The temperature and DO data depict a seasonal warming and very weak thermal stratification of
Kentucky Reservoir in June-July 1993. The greatest surface-to-bottom temperature differential (AT) was
only about 3°C in June and July at the forebay and about 4½'/C in Big Sandy embayment in June.
However, during July, a rather strong oxycline developed at Kentucky forebay and in the Big Sandy
embayment due to the drought like conditions and low flows through Kentucky Reservoir and the
Tennessee River system (see discussion in Section 4.0, Hydrologic Overview of 1993). In late July, forebay
dissolved oxygen ranged from surface concentrations of about 8-9 mg/i to bottom concentrations
approaching 0 mg/l. (The minimum DO observed in Kentucky Reservoir in 1993 was 0.1 mg/i in July at
the bottom of the reservoir in the forebay.) Similar conditions were found in Big Sandy embayment,
although near bottom DO concentrations were never actually measured below 1 mg/l. The transition zone
DO concentrations were much more uniform and well mixed with the minimum bottom DO being 3.6 mg/i
in July.

For the overall reservoir ecological health evaluation for Kentucky Reservoir, DO rated excellent at
the transition zone; good to excellent in Big Sandy embayment; and good at the forebay and inflow (i.e.,
Pickwick Dam tailrace). The good rating at the forebay would have rated higher had it not been for the
anoxic conditions which were found to exist for a short time (i.e. July) in the hypolimnion near Kentucky
dam. Likewise, the good rating at the inflow would also have been higher if oxygen levels had not fallen

below 5 mg/i in the releases from Pickwick dam (i.e. DO concentrations less than State of Tennessee's
5 mg/l criteria, measured at the 1.5m depth).

In 1993, values of pH ranged from 6.7 to 9.2 on Kentucky Reservoir. Near surface values
exceeding 8.5 were observed at the forebay in July and in Big Sandy embayment in June and August. These
high pI-rs were coincident with high DO saturation values (exceeding 100 percent) and elevated chlorophyll
a concentrations, indicative of significant photosynthetic activity. The State of Tennessee's maximum pH
criteria for the protection of fish and aquatic life is 8.5.

Average total phosphorus (0.073 mg/1) and dissolved ortho phosphorus (0.029 mg/i)

concentrations at the transition zone were higher than at all other monitoring locations on the Tennessee
River, an effect of the upstream inflows from the Duck River with naturally high concentrations of
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phosphorus (median total phosphorus concentrations of about 0.24 mg/i). Total phosphorus concentrations
in the Tennessee River are approximately doubled by the inflows from the Duck River (annual mean daily
flow of approximately 4,100 cfs), and gradually decline downstream. The Duck River joins with the
Tennessee River at TRM 110.7, about 25 river miles upstream from the Kentucky Reservoir transition
zone sampling site. (For additional information see Section 5.0, Duck River Watershed.) Because of high
phosphorus concentrations, TN/TP ratios for samples collected at both the forebay and transition zone
were quite low ranging from 5 to 13, indicating very little nutrient limitation and conditions highly
supportive of primary productivity.

Chlorophyll a concentrations averaged 10.4 pg/l at the forebay, 9.2 pLg/l at the transition zone, and
18.0 pg/l in Big Sandy embayment during the summer of 1993. In addition, high chlorophyll a
concentrations were measured in August (31 pag/I) and September (35 pg/I) in Big Sandy embayment,
indicative of nuisance level algal blooms. [It is also interesting to note that the Big Sandy embayment had
among the highest organic nitrogen ( = 0.51 mg/1), organic carbon ( = 4.2 mg/1), and color ( = 19 PCU)
concentrations measured at any Vital Signs reservoir monitoring location in 1993.] Chlorophyll a values
which average greater than 10 pg/l are generally indicative of eutrophic conditions while values greater
than 15 pg/l are often indicative of hyper-eutrophic conditions. Consequently, the chlorophyll a ratings
used in the 1993 ecological health evaluation for Kentucky Reservoir were fair at the forebay, good at the
transition zone, and poor in the Big Sandy embayment.

Sediment Qualiy-Chemical analyses of sediments in Kentucky Reservoir in 1993 did not reveal
any metal or organic analyte to be a concern in the two sample locations (i.e. forebay and transition zone)
in the main reservoir. However, high levels of un-ionized ammonia were measured (510 pg/I) in the Big
Sandy embayment. Toxicity tests detected no acute toxicity'in the main reservoir, however, acute toxicity
to both daphnids (15 percent survival) and rotifers (20 percent survival) was detected in the Big Sandy
embayment. Particle size analysis showed sediments from the forebay and the Big Sandy embayment to be
almost entirely silt and clay (99 percent at each site), while those from the transition zone were 65 percent
silt and clay, 35 percent sand.

Sediment quality ratings used in the overall Kentucky Reservoir ecological health evaluation for
1993 were excellent at the forebay and transition zone, and poor in the Big Sandy embayment (due to the
presence of ammonia and toxicity to the test organisms).

Benthic Macroinvertebrates-The benthic communities were excellent in the forebay and
transition zone, fair in the inflow, and good in the Big Sandy embayment. The forebay had a total of 26
taxa with 1,658 organisms/m 2 . The dominant taxa at the forebay were Tubificidae (18%), Corbicula sp
(17 percent), and Musculium sp (17 percent). The transition zone represented a more diverse (33 taxa) but

less abundant (1,307 organisms/m2) community than the forebay with Tubificidae as the dominant taxa
(22 percent), followed closely by Hexagenia limbata (22 percent). The inflow site had 25 taxa and a total of
234 organisms/m 2 with Cheumatopsyche sp (32 percent) and Corbicula sp (29 percent) as the dominant
taxa. The Big Sandy embayment site had 20 taxa and 1,683 organisms/m2 with Chironomus sp
(37 percent), and Coelotanvpus tricolor (33 percent). as the principal taxa.
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The forebay and transition zone sites on Kentucky Reservoir rated excellent primarily because of
the abundance of long-lived species such as Corbicula sp and Hexagenia sp, and because of a diverse and
balanced benthic community. The inflow rated only fair, in spite of an abundance of Corbicula sp, because
of reduced diversity and EPT (Ephemeroptera, Plecoptera, and Trichoptera) taxa. The Big Sandy
embayment received a good rating due to the diversity of organisms present and the evenness of dominant
organisms. An abundance of chironomids resulted in this site receiving a good rating instead of an excellent
rating.

Though not included in the overall health survey, the Kentucky tailwater benthic community was
also sampled. Diversity and a good EPT community, as well as low numbers of chironomids and tubificids,
allowed this site to obtain an excellent rating.

Aquatic Macrophytes-Aquatic plants increased from 2,616 acres in 1992 to 3,465 acres in 1993.
Kentucky Reservoir had the third largest amount of aquatic vegetation within the TVA system. Aquatic
macrophytes peaked at about 7,100 acres in 1987. Significant declines in spinyleaf and southern naiad
populations have occurred in recent years. Eurasian watermilfoil was the dominant macrophyte on
Kentucky Reservoir and generally occurred in monospecific stands. However, it was sometimes mixed with
coontail and naiads. Aquatic vegetation on Kentucky Reservoir was primarily found from TRM 107
downstream to near the vicinity of Kentucky Dam.

Fish Assemblage-Fish data collection at near shore (45 electrofishing transects) and offshore
bottom areas (26 net-nights) showed a diverse fish assemblage of 46 species dominated in numbers by
gizzard shad (64 percent). Other abundant species included emerald shiners (5.6 percent), bluegill
(4.8 percent), and largemouth bass (2 percent). Electrofishing results indicated total numbers of fish were
approximately the same in the forebay (1,634) and transition zones (1,762) with considerably lower
numbers in the inflow zone (405). Gill netting fish abundance was also highest in the forebay (696) and
transition (494) areas. Abundance at the inflow zone (69) was not comparable because of reduced effort.
Gizzard shad made up 36 percent of the total fish collected in gill net samples followed by yellow bass
(15.7 percent), skipjack herring (9.9 percent), and channel catfish (6.0 percent).

The Reservoir Fish Assemblage Index (RFAI) rated the littoral'fish community (based on results of
electrofishing samples) fair in the forebay (RFAI=32), transition (RFAI=34), and inflow (RFAI=40) zones
of Kentucky Reservoir. The lower scores in transition and forebay zones were influenced by low numbers
of sucker species, a high percentage of tolerant species and omnivorous individuals, and high percentage of
dominance by a single species. The gill netting RFAI rated the transition zone excellent (RFAI=56) and the
forebay good (RFAI=42). Gill netting RFAI values were not calculated for inflow zones of run-of-the-river
reservoirs due to low numbers of replicate samples. The excellent score of 56 in the transition was the
highest ever observed and resulted from maximum scores in all metrics except number of sucker species
and percent tolerant species.

Combined electrofishing and gill nettingRFAI scores for the forebay (RFAI=37) and the
electrofishing RFAI for the inflow (RFAI=40) were rated fair. The combined transition RFAI (RFAI=45)
ranked good exhibiting the second highest score of all run-of-the-river transition zones, due primarily to the
excellent gill netting results noted above.
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Combined fish samples in shoreline'electrofishing (15 transects) and offshore gill netting (24 net-
nights) produced a total of 1,587 individuals including 27 species in the Big Sandy River embayment.
There were four times as many fish collected by electrofishing as gill netting, largely attributed to high
numbers of gizzard shad which made up 71 percent of the total sample.

The electrofishing RFAI score of 32 rated fair. The gill netting RFAI of 22 was the lowest
recorded for any of the embayment study sites in 1993, and resulted from minimum scores for eight of the
twelve metrics. The combined RFAI scores (RFAI=27) rated the Big Sandy embayment poor.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-Fourteen swimming beaches and one informal swimming area were
tested for fecal coliform bacteria in 1993. Bacteria concentrations were generally low at all 15 sites. The
highest geometric mean at any site was 47 colonies per 100 milliliters (47/100 ml), well below the
recreation criterion of 200/100 ml. No site had more than one sample exceed 400/100 ml, so EPA's
guideline of no more than 10 percent of all samples exceeding 400/100 ml was also met. Two sites, Eva
Park and Greenhead Recreation Area, each had one sample exceed the Tennessee single sample criterion of
1,000/100 ml. The geometric mean of all samples at these two sites were 14 and 15/100 ml. The six
monthly Vital Signs samples collected at the forebay and transition zones were all at or below the detection
limit of 10/100 ml.

Fish Tissue-Channel catfish composites were collected in 1992 from generally the same locations
(except TRM 85 was sampled instead of TRM 100 to coincide with the transition zone location) as in
previous years. As in past years, concentrations of all analytes were low. One analyte of interest was lead
with a concentration of 0.6 pRg/g at TRM 85. Similar levels have occurred sporadically with no pattern in
locations over the five years screening samples have been collected from Kentucky Reservoir.
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Beech Reservoir

Summary of 1993 Conditions - Ecological Conditions

Water-Beech Reservoir is the smallest and shallowest of the monitored reservoirs. The average
flow through the reservoir in 1993 was only 64 percent of normal, making the average residence time over
600 days. The maximum temperature difference in the water column was 9.2°C in July, and had
disappeared by September. The maximum surface temperature was 29.7°C in July. The extent of the area
of depleted DO gave Beech Reservoir a poor DO rating for the reservoir ecological health index. DO
depletion (<1.0 mg/1) began at the bottom of the water column in May and expanded to within four meters
of the surface in June and July. As the reservoir destratified the bottom waters became re-aerated, although
there was some low DO (2.2 mg/i) at the bottom in October.

Conductivities were generally in the 31 to 45 limhos/cm range, but were much higher at the bottom
during times of DO depletion, reaching a maximum of 141 lamhos/cm in August. Only in April and June
did pH exceed 8.0, and the maximum was only 8.3. The minimum pH was 6.6 and occurred at greater
depths during DO depletion.

Virtually all of the nitrogen was in the form of organic nitrogen. Total nitrogen increased slightly
from 0.42 mg/I in April to 0.51 mg/l in August. Total and dissolved ortho phosphorus concentrations
dropped from 0.04 and 0.01 mg/i in April to 0.02 and 0.002 mg/l in August, respectively. The TNITP ratio
thus increased from 11 to 26.5 from April to August. Secchi depths varied only from 1.Om in April and
September to 1. 5m in May and June, the second lowest water clarity of the 19 tributary reservoir forebays
in 1993. Chlorophyll a concentrations were 3 lpg/i in April, 6 tag/l in May, and varied from 9 to 14 Pg/i for
the rest of the sampling period. The average chlorophyll a concentration was 9.0 gg/l, in the good range
(near the upper end) for the reservoir ecological health index. Total organic carbon dropped from 5.4 mg/1
in April to 3.3 mg/I in August. Total phosphorus and total organic carbon concentrations were the second
lowest concentrations of the 19 tributary reservoir forebays in 1993.

Sediment-Chemical analyses of sediments in the forebay of Beech Reservoir in 1993 did not
reveal any metal or organic analyte to be a concern. Toxicity tests detected no acute toxicity to the two
organisms tested; however, survival of daphnids (68 percent survival) was reduced. Particle size analysis
showed sediments in the forebay were 97 percent silt and clay.

Because of the slightly reduced survival of daphnids, the forebay sediment quality rating used in
the 1993 Beech Reservoir ecological health evaluation was good.

Benthic Macroinvertebrates-The forebay on Beech Reservoir supported a fair benthic
2community. There were 24 taxa and 1,417 organisms/m , with Einfeldia sp (39 percent of the total) and

Chironomus sp (35 percent of the total) as the dominant species. This site had 2 metrics which rated good:
diversity and proportion of the sample composed of tubificids. Fair representations of EPT and long-lived
taxa were observed. An abundance chironomids negatively impacted the benthic community rating.

Fish Assemblage-No fish assemblage information was collected in autumn 1993 because water
levels prevented access to the lake.
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Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-No bacteriological studies were conducted in 1993.

Fish Tissue-TVA has not conducted fish tissue studies on Beech Reservoir.
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Normandy Reservoir

Summary of 1993 Conditions - Ecological Health

Water-The average residence time in Normandy Reservoir was 201 days in 1993 as flows were
91 percent of normal. The maximum temperature difference in the water column was 23°C in July. The
maximum surface temperature was 32.3'C in July, the only month when the maximum temperature
exceeded 30.5*C, Tennessee's criteria for aquatic life. Metalimnetic and near-bottom oxygen depletion
began in June. By August, DO was below 0.1 mg/i from the bottom to six meters from the surface. Surface
temperatures had cooled enough to mix with the metalimnion in October, increasing the depth of aerated
water to I Om. The extent of the area of depleted DO gave Normandy a poor DO rating for the reservoir
ecological health index. Surface DO reached saturation levels of 120 percent or more on each sample date
from May through July.

Conductivities were about 100 pmhos/cm early in the year, began increasing at the bottom in June
and reached about 160 pmhos/cm in September and October. Normandy had slightly basic water (pH from
7.5 to 8.3) in April. Surface pH was over 9 from May through July, vith a maximum pH of 9.5 in May.
Bottom pH dropped slightly during the summer to a minimum of 6.6 in September.

Total nitrogen concentration dropped from 0.72 mg/l in April to 0.46 mg/I in August. The decline
was due to the elimination of nitrates, 0.25 mg/I in April and <0.01 mg/l in August. Total phosphorus and
dissolved ortho-phosphorus concentrations were 0.04 and 0.004 mg/I in April and 0.01 and <0.002 mg/I in
August, respectively. The TN/TP ratio went from 18 in April to 46 in August. Scechi depths generally
increased through the sampling period from I. Im in April to 3.Om in October. Chlorophyll a was 10 lag/l in
April, increased to 12 )Ig/l in May and July, and then dropped to 5 pag/l in August as available nutrients
were depleted. The average chlorophyll a concentration was 8.9 lag/l, in the good range (near the upper
end) for the reservoir ecological health index. Total organic carbon varied little from 3.6 mg/I in April to
4.2 mg/l in August. Total phosphorus and total organic carbon concentrations in the forebay were the third
highest concentrations of the 19 tributary reservoir forebays in 1993.

Sediment Quality-Chemical analyses of sediments in the forebay of Normandy Reservoir in 1993
indicated very high levels of un-ionized ammonia (720 4ag/l). Toxicity tests detected acute toxicity to
daphnids (60 percent survival) in the forebay sediment. Particle size analysis showed sediments in the
forebay were 99 percent silt and clay.

Because of the acute toxicity of the forebay sediment to daphnids and the high concentrations of
ammonia, a poor sediment quality rating was used in the 1993 Normandy Reservoir ecological health
evaluation.

Benthic Macroinvertebrates-The Normandy forebay received a poor rating for its benthic
community. There were 198 organisms/m2 representing only 6 taxa; the dominant organisms were
Tubificidae, Limnodrilus sp, and Chironomus sp, which comprised 38, 35, and 24 percent of the total,
respectively. The low diversity, paucity of EPT and long-lived taxa, and the abundance of tubificids all
negatively impacted the benthic community rating at the Normandy forebay.
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Fish Assemblage-Only the forebay zone was sampled on Normandy in fall 1993. Shoreline
electrofishing (15 transects) and offshore experimental gill netting (12 net-nights) yielded 1,307 individuals
with 29 species represented. Sixty-four percent of the total catch consisted of the sunfish species (rock
bass, warmouth, redbreast, green, bluegill, and longear).

The Reservoir Fish Assemblage Index (RFAI) rated the Normandy Reservoir forebay fish

community excellent, as determined by both electrofishing (RFAI=52) and gill netting (RFAI=54). The

electrofishing and gill netting RFAI's, as well as the combined scores (RFAI=53), were the highest recorded
for tributary forebays. Normandy received midrange or maximum scores in most metrics for both gear
types; the only minimum score was percent anomalies in the electrofishing sample.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-Two swimming beaches were tested for fecal coliform bacteria in 1993.
The geometric mean of bacteria concentrations were relatively high, 146 and 174/100 ml, but within
criterion for water contact recreation. At both sites, geometric means after rainfall were over 200/100 ml,
and both sites had three of twelve samples exceed 400/100 ml. EPA recommends that not more than
10 percent of samples 'exceed 400/100 ml. Both sites had large flocks of resident geese which were the
probable cause of the high fecal coliform concentrations.

Fish Tissue-Because of the small size of Normandy Reservoir, only the forebay was sampled for
fish tissue screening. Five channel catfish were collected in autumn 1992. Fillets were composited and
analyzed for selected metals, pesticides, and PCBs. Of the five metal analytes, only lead and mercury were
detected, both at low levels. The only organic analyte detected was chlordane, also at a low level.
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Duck River Stream Monitoring Site

Summary of 1993 Conditions - Ecological Health

Water-The water of the Duck River is moderately hard (average hardness of 130 mg/l) and
alkaline (average total alkalinity of 118 mg/I). The median pH for the stream monitoring site was 7.7. The
river was well oxygenated with dissolved oxygen levels of 82 to 115 percent of saturation.

Of the 12 streams monitored across the Tennessee Valley, the Duck River ranked among the
highest in average concentrations of organic nitrogen (0.421 mg/I), total phosphorus (0.617 mg/I), and
dissolved orthophosphate (0.177 mg/I). The average concentrations of ammonia nitrogen (0.027 mg/I) and
nitrate+nitrite-nitrogen (0.48 mg/I) were near median for all sites. The high total phosphorus concentration
yielded a poor rating for nutrients at the site.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, and zinc and total
copper and zinc) were performed bi-monthly. Dissolved cadmium (4 of 6 samples) and total zinc (2 of 6
samples) were detected but neither exceeded the EPA guidelines for protection of aquatic life and human
health.

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals,
PCBs, or pesticides exceeding the EPA guidelines. This is an improvement over 1992 when sediment
quality rated fair.

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrate results rated good with a
Modified Benthic Index of Biotic Integrity (MBIBI),score of 47, with 105 taxa and 3,789 organisms/mr
Conditions in 1992 rated fair (MBIBI score 34) with 61 taxa and 528 organisms/m2. The benthic fauna
improved one classification since 1992. Dominant organisms in 1993 were dipteran midge larvae
(62 percent), mayflies (20 percent), and caddisflies (7 percent). Dipteran midge larvae were also the
dominant organism in 1992 (26 percent), followed by coleopteran riffle beetles (22 percent) and caddisflies

(17 percent). Excessive nutrients, streambank erosion, and substrate instability are a continuous problem at
this site.

Fish Community Assessment--The fish community rated fair with an Index of Biotic Integrity
(IBI) score of 46 and showed little improvement since it rated fair (IBI = 42) in 1992. Improvement in 1993
was seen mostly in increased fish density and absence of hybrid fish. Problems persisted in species
composition and trophic structure indicating less than optimum conditions. Diversity was low for darter,
sunfish, and intolerant species, and the proportion of tolerant fish was abnormally high. Fish most
dependent on a diverse and stable aquatic macroinvertebrate community were out-numbered by fish that
live by a more flexible feeding strategies, and the proportion of piscivorous fish was abnormally low.
Adverse conditions observed were extensive bank erosion and the predominance of unstable substrate.
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Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-Five sites on the Duck River from 1.7 miles downstream of Normandy
Dam to Shelbyville were tested for fecal coliform bacteria. At the first site downstream of Normandy Dam,
the geometric mean of all fecal coliform samples was 104/100 ml. At the other four sites from 1.8 to
5.4 miles further downstream, the geometric mean ranged from 1100 to 2150/100 ml. There were several
rainstorms during the sampling period, and concentrations were much higher after rainfall. If all samples
within 24-hours of rainfall are excluded, the geometric mean of the four most downstream site range from
510 to 960/100 ml. These are among the highest concentrations found anywhere in the Tennessee Valley
during the five years of sampling under the current program. The probable cause of the high concentrations
are dairies.

Fish Tissue-A five-fish composite each of carp, channel catfish, and largemouth bass were
collected during summer 1992 and analyzed for selected metals, pesticides, and PCBs. Lead and mercury
were detected in all samples but at low concentrations. Chlordane was detected in one sample and PCBs in
two, again at only low concentrations.
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Pickwick Reservoir

Summary of 1993 Conditions - Ecological Health

Water-During the summer of 1993 (April-September), coolest surface water temperatures in
Pickwick Reservoir were in April and the warmest in July. Surface temperatures ranged from a minimum
of 18.4°C to a maximum of 30.5°C at the forebay; from 16.2'C to 29.1 °C at the transition zone; and from
22.8°C (in May-no samples in April) to 29.6°C in Bear Creek embayment. The State of Alabama's
maximum water temperature criteria for the protection of fish and aquatic life is 30.0°C.

Dissolved oxygen (DO) concentrations at the 1.5m depth ranged from a low of 6.6 mg/l in August
to a high of 12.0 mg/l in April at the forebay; from 6.6 mg/l in August to 11.6 mg/1 in June at the transition
zone; and from 6.7 mg/l in September to 10.1 mg/I in August at the sampling location in Bear Creek
embayment. At the inflow sampling site (i.e. the tailrace of Wilson dam) a minimum DO of 3.1 mg/l was
recorded in July. The State of Alabama's minimum dissolved oxygen criteria for the protection of fish and
aquatic life is 5.0 mag/l, measured at the 1.5 meter depth.

Temperature data depict a seasonal warming and very weak, transient thermal stratification of
Pickwick Reservoir. The maximum observed surface to bottom temperature differential (AT), in Pickwick
Reservoir in 1993 was 4.7°C at the forebay in June. However, there was a rather strong oxycline at all
three sampling locations in June and July when differences between surface and bottom DO's were about 7
to 9 mg/l at the forebay, transition zone, and in Bear Creek embayment. In July 1993, a minimum DO of
less than 0.1 mg/l was measured on the bottom at all three sampling locations (the forebay, transition zone,
and Bear Creek embayment) in Pickwick Reservoir. Due to the drought like conditions and low flows into
and through Pickwick Reservoir (see discussion in Section 4.0, Hydrologic Overview of 1993) sediment
oxygen demands were consuming oxygen at a rate greater than it was being replenished by inflowing water.
Flows increased to normal levels in August and September, resulting in less stratification and higher near
bottom DO levels.

DO ratings used in the overall reservoir ecological health evaluation for Pickwick Reservoir were
good at the forebay and transition zone; fair to good in Bear Creek embayment; and fair at the inflow. The
forebay, transition zone, and Bear Creek embayment would all have rated higher had it not been for the
very low near bottom oxygen concentrations which existed in July. The fair rating at the inflow sampling
site on Pickwick Reservoir was a result of oxygen levels being measured approximately 2 mg/I below the
Alabama criteria in the releases from Wilson dam in the summer of 1993 as mentioned above.

Values of pH ranged from 6.8 to 9.0 on Pickwick Reservoir in 1993. Near surface pH values
exceeding 8.5 (and DO saturation values exceeding 100 percent) were observed at-all three sampling
locations. Many of these periods of high pH and high oxygen saturations were also coincident with high
chlorophyll a concentrations, indicative of periods of high photosynthetic activity. The State of Alabama's
maximum pH criteria for the protection of fish and aquatic life is 8.5.

In 1993, all three sampling locations on Pickwick Reservoir also had fairly high chlorophyll a
concentrations averaging 15 lag/l, 12 jtg/l, and 16.8 ýtg/l, respectively, at the forebay, transition zone, and
Bear Creek embayment. The chlorophyll a concentrations measured in Pickwick Reservoir were among the,
highest measured in the Tennessee River reservoirs in 1993, indicative of eutrophic conditions.
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Consequently, the chlorophyll a ratings used in the 1993 ecological health evaluation for Pickwick
Reservoir were only fair at the forebay and transition zone, and poor in Bear Creek embayment.

Sediment-Although mercury has been found in sediment in Pickwick Reservoir at levels of
concern in past years, levels in 1993 were lower and not above sediment quality guidelines for mercury
(i.e., 1.0 mg/kg). Mercury levels in 1993 were 0.47 mg/kg at the forebay and 0.62 mg/kg at the transition
zone sampling sites. Un-ionized ammonia was detected at levels of concern (220 ,tg/l) in one of the two
forebay samples. Although no acute toxicity was detected in the main reservoir, acute toxicity to both
daphnids (30 percent survival) and rotifers (45 percent survival) was detected in the Bear Creek
embayment. Tests in 1991 and 1992 showed a potential for toxicity with MicrotoxR at the forebay. Particle
size analysis showed sediments from the forebay were about 66 percent silt and clay, 34 percent sand; from
the transition zone were 47 percent silt and clay, 53 percent sand; and from Bear Creek embayment were
99 percent silt and clay.

Sediment quality ratings used in the overall Pickwick Reservoir ecological health evaluation for
1993 were good at the forebay (presence of ammonia); excellent at the transition zone; and, fair in the Bear
Creek embayment (toxicity to the test organisms).

Benthic Macroinvertebrates-The benthic communities at the forebay and inflow sites were
excellent, the transition zone was good, and the Bear Creek embayment rated fair. The forebay site had 23
taxa and 533 organisms/m 2 with Coelotanypus sp (26 percent), Corbicula fluminea (20 percent), and
Hydrobiidae (15 percent) as the dominant taxa. The transition zone had a slightly more diverse fauna than
the forebay, with 25 taxa and 745 organisms/m2. Corbicula fluminea (23 percent) and Hexagenia sp
(21 percent) were the most abundant taxa. The inflow had the greatest diversity and of all sites sampled,

2with 42 taxa and 699 organisms/m . The benthic community there was dominated by Corbicula fluminea
(65 percent).

Bear Creek embayment, a major component of Pickwick Reservoir, was also sampled and received
2a fair rating. It had a total of 1,188 organisms/mr and 15 taxa. Tubificidac (33 percent), Einfeldia

(25 percent) and Coelotanypus tricolor (21 percent) were the dominant taxa. Although this site had a good
diversity of benthic organisms and an evenness of dominant taxa, the abundance of chironomids and the
paucity of EPT taxa contributed to this site only receiving a fair rating.

Aquatic Macrophytes-There were an estimated 105 acres of submersed plants on Pickwick
Reservoir in 1993, primarily in the upstream portion of Yellow Creek embayment. Historically, most of the
aquatic vegetation on Pickwick Reservoir has been in the Yellow Creek embayment, and in 1993 naiads
and muskgrass were the most abundant macrophytes.

Fish Assemblage-Fish collections at near shore areas (45 electrofishing transects) and offshore
bottom areas (30 net-nights) from the three zones of Pickwick Reservoir resulted in the collection of 2,526
fish including 42 species. Three non-game species, including skipjack herring, gizzard shad, and brook
silverside, comprised 50 percent of all fish collected. Other dominant species groups were the sunfishes
(green, bluegill, longear, and redear), catfishes (blue, channel, and flathead), and black basses (smallmouth,
spotted, and largemouth), which made up 12, 7, and 6 percent of the total sample, respectively. Fish

22

Consequently, the chlorophyll a ratings used in the 1993 ecological health evaluation for Pickwick 
Reservoir were only fair at the forebay and transition zone, and poor in Bear Creek embayment. 

Sediment-Although mercury has been found in sediment in Pickwick Reservoir at levels of 
concern in past years, levels in 1993 were lower and not above sediment quality guidelines for mercury 
(i.e., 1.0 mglkg). Mercury levels in 1993 were 0.47 mglkg at the forebay and 0.62 mglkg at the transition 
zone sampling sites. Un-ionized ammonia was detected at levels of concern (220 ~gIl) in one of the two 
forebay samples. Although no acute toxicity was detected in the main reservoir, acute toxicity to both 
dapbnids (30 percent survival) and rotifers (45 percent survival) was detected in the Bear Creek 
embayment. Tests in 1991 and 1992 showed a potential for toxicity with MicrotoxR at the forebay. Particle 
size analysis showed sediments from the forebay were about 66 percent silt and clay, 34 percent sand; from 
the transition zone were 47 percent silt and clay, 53 percent sand; and from Bear Creek embayment were 
99 percent silt and clay. 

Sediment quality ratings used in the overall Pickwick Reservoir ecological health evaluation for 
1993 were good at the forebay (presence of ammonia); excellent at the transition zone; and, fair in the Bear 
Creek embayment (toxicity to the test organisms). 

Benthic Macroinvertebrates-The benthic communities at the forebay and inflow sites were 
excellent, the transition zone was good, and the Bear Creek embayment rated fair. The forebay site had 23 
taxa and 533 organisms/m2 with Coelotanypus sp (26 percent), Corbicula fluminea (20 percent), and 
Hydrobiidae (15 percent) as the dominant taxa. The transition zone had a slightly more diverse fauna than 
the forebay, with 25 taxa and 745 organisms/m2. Corbicula fluminea (23 percent) and Hexagenia sp 
(21 percent) were the most abundant taxa. The inflow had the greatest diversity and of all sites sampled, 
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Fish Assemblage-Fish collections at near shore areas (45 electrofishing transects) and offshore 
bottom areas (30 net-nights) from the three zones of Pickwick Reservoir resulted in the collection of2,526 
fish including 42 species. Three non-game species, including skipjack herring, gizzard shad, and brook 
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(green, bluegill, longear, and redear), catfishes (blue, channel, and flathead), and black basses (srnallmouth, 
spotted, and largemouth), which made up 12, 7, and 6 percent of the total sample, respectively. Fish 
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abundance was greatest in the forebay zone (1,563) followed by the transition (659), and inflow zones
(304). Total catch was significantly higher in the forebay than the other two zones with both gear types
(even considering reduced netting effort in the inflow).

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish community (based on results of
electrofishing samples) good in all three zones of the reservoir (forebay RFAI=46, transition RFAI=42, and
inflow RFAI=46). The Pickwick forebay score of 46 was, along with Wilson forebay, the highest recorded
in run-of-the-river reservoirs in 1993. The slightly lower transition score was influenced by lesser numbers
of piscivorous and sunfish species. The gill netting RFAI rated the transition (RFAl=46) and forebay
(RFAI=42) good. Gill netting RFAI values were not calculated for inflow zones of run-of-the-river
reservoirs. Combined electrofishing and gill netting RFAI scores for the forebay (RFAl-44), transition
(RFAI=44), and the electrofishing RFA1 for the inflow (RFAI=46) rated all areas as good.

Fish samples taken in the shoreline areas (15 electrofishing transects) and offshore/deep areas (12
net-nights) in Bear Creek embayment produced a total of 975 individuals represented by 36 species. By far
the two most dominant species were gizzard shad (35 percent) and skipjack herring (22 percent). No other
species were captured in significant numbers. Number of individuals captured was similar with both gear
types.

Both electrofishing (RFAl=42) and gill netting (RFAI=46) RFAI's rated the Bear Creek
embayment good, ranking it the highest of the four embayment study sites. Both gear types received the
highest score for five of the twelve metrics.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-Four swimming beaches and six informal swimming areas were tested
for fecal coliform bacteria in 1993. Bacteria concentrations at all ten sites were very low (geometric mean
<20/100 ml). There were no significant rainfall events during the survey. This may have contributed to the
very low concentrations at some sites. Monthly sampling at the three Vital Signs locations (forebay,
transition zone, and Bear Creek Embayment) produced equally low fecal coliform concentrations.

Fish Tissue-One composite sample of five channel catfish was collected at the forebay, transition
zone, and inflow in autumn 1992. Concentrations of all metals were low. Mercury was detected in most
samples but at relatively low concentrations (maximum of 0.24 4ig/g). Pesticides and PCBs were generally
low. The exception was DDTr, which was relatively high at the inflow (2.4 gLg/g) yet not detected at the
other two locations. This is not thought to represent a problem because concentrations of this magnitude
have not been observed in previous years of screening. It is possible that one of the catfish in the composite
was from Wheeler Reservoir where there is a problem with DDT contamination in one area resulting in
high concentrations in fish. Relatively high concentrations of chlordane in 1990 were not found in 1991 or
1992. PCBs were detected in all samples (range 0.2 to 0.7 gtg/g) with concentrations tending to be higher at
the inflow. Samples were recollected at the inflow site in autumn 1993 to ensure that a possible problem
with DDTr, chlordane, or PCBs is not overlooked; results were not available at the time this report was
prepared.
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Wilson Reservoir

Summary of 1993 Conditions - Ecological Health

Water-During the summer of 1993 (April-September), surface water temperatures ranged from
13.7°C in April to 31.6°C in July at the forebay sampling location. Temperatures above 30.0°C exceed
State of Alabama water quality criteria for fish and aquatic life. Values for DO at the 1.5m depth ranged
from a high of 13.8 mg/1 in May (during a large algal bloom) to a low of 5.7 mg/l in September at the
forebay. At the Wheeler dam tailrace a minimum DO of 4.3 mg/I was recorded in July. The State of
Alabama's minimum dissolved oxygen criteria for the protection of fish and aquatic life is 5.0 mg/l,
measured at the 1.5 meter depth.

Temperature and DO data show seasonal warming and both thermal and oxygen stratification in
the forebay from May through August. The greatest degree of thermal stratification was observed in July,
as might be expected, during the period of high temperatures and low flows (see discussion in Section 3.0,
Hydrologic Overview of 1993). In July, temperatures at the forebay ranged from 31.6°C (surface) to
21.5°C (bottom), a differential of 10. 1C.

Periods of strong DO stratification, with surface to bottom DO differentials ranging from about 7
to 12 mg/l, were also observed during these four months, May through August. For example, in June,
surface DO concentrations of about 12 mg/I (during a large algal bloom) were contrasted with near bottom
DO concentrations of about 0 mg/l. The depth of Wilson Reservoir (approximately 100 feet at the dam)
and the unseasonably low flows during the summer of 1993 combined to have a pronounced effect on
hypolimnetic DO in Wilson forebay. Bottom DO concentrations were at or near 0 mg/I for approximately
three months (June, July, and August), and the volume of hypolimnetic anoxia was greater in the summer
of 1993 than has been observed in the prior three years of Vital Signs monitoring (1992 to 1990). For the
summer, DO concentrations in Wilson forebay averaged only 5.9 mg/l, lower than at any other Vital Signs
monitoring location on run-of-the-river reservoirs.

Consequently, the forebay DO rating used in the overall ecological health rating of Wilson for
1993 was very poor. A good rating for DO was assigned to the Wilson reservoir inflow sampling site (i.e.,
Wheeler dam tailrace) because oxygen levels fell only slightly below 5 mg/I in releases from Wheeler dam
during the summer of 1993 (i.e. DO's less than State of Alabama's 5 mg/l criteria, measured at the 1.5
meter depth).

Values of pH ranged from 6.7 to 9.1. In May and June near-surface values of pH were measured
greater than 9.0. These high pH values coincided with periods of high photosynthetic activity, high
temperatures, high dissolved oxygen measurements (percent oxygen saturation values exceeding 150%),
and high chlorophyll a concentrations. The State of Alabama's maximum pH criteria for the protection of
fish and aquatic life is 8.5.

Summer chlorophyll a concentrations in Wilson forebay averaged about 10.2 jtg/l in 1993, slightly
higher than preferred, but much better than in 1992 when a massive algal bloom (chlorophyll a
concentrations of 146 pag/l) occurred in May on Wilson reservoir. .A forebay chlorophyll a rating of fair
was used in the ecological health evaluation of Wilson Reservoir in 1993.
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Historically, the water in the forebay of Wilson is quite clear relative to the other Tennessee River
reservoirs. In the summer of 1993, Secchi depths averaged over 1.7 meters and suspended solids (TSS)
averaged only about 3.2 mg/l, among the highest Secchi's and lowest TSS's measured on the run-of-the-
river reservoirs.

Sediment-Chemical analyses of sediment did not reveal any metal or organic analyte to be a
concern. Toxicity tests detected no acute toxicity to either species tested; however, reduced survival of
rotifers (65 and 85 percent survival) was seen in samples from the forebay. Toxicity to rotifers was
detected in 1991. Particle size analysis showed sediments from the forebay were about 99 percent silt and
clay.

The forebay sediment quality rating used in the overall Wilson Reservoir ecological health
evaluation for 1993 was very good, instead of excellent, due to the slightly reduced survival of rotifers.

Benthic Macroinvertebrates-Wilson forebay and inflow sites showed improvements in their
benthic communities. The forebay improved from poor to fair, and the inflow from good to excellent. The
forebay had 803 organisms/m2 representing 22 taxa with Chironomus sp (42 percent) as the dominant
organism. The inflow site had 683 organisms/m2 representing 48 taxa with Corbicula sp (41 percent) as
the dominant organism.

The Wilson forebay scored as high as possible on three metrics: taxa richness, percentage of the
community comprised of tubificids, and the evenness of dominant organisms. The two metrics that brought
down the overall benthic score were the high numbers of chironomids present and the low number of EPT
taxa present. These factors resulted in a fair rating for the forebay site. The inflow site received a perfect
score for every metric and received an excellent rating. This epitomizes a healthy benthic community: high
diversity, the presence of a good EPT community, an abundance of long-lived organisms, low numbers of
tubificids and chironomids, and an evenness of dominant organisms.

Aquatic Macrophytes-There were 54 acres of aquatic plants on Wilson Reservoir in 1993.
Muskgrass was the dominant species and colonized shallow water sloughs. Eurasian watermilfoil
historically occurred as localized populations on Wilson Reservoir, but has not been observed on Wilson in
several years.

Fish Assemblage-Shoreline electrofishing (30 transects) and offshore gill netting (19 net-nights)
at the forebay and inflow of Wilson Reservoir produced 3,567 individuals of 38 species, and showed fish
were most abundant in the inflow (69 percent of the total fish collected). Species representing the largest
portion of the Wilson fish assemblage included emerald shiners (25 percent), brook silversides (22 percent),
gizzard shad (19 percent), and bluegill (11 percent). Most of the inflow electrofishing catch (66 percent)
consisted of emerald shiners and gizzard shad. There were also moderate numbers (CPUE= 234 per
transect) of young-of-year (YOY) threadfin shad in the inflow area.

The 12 electrofishing RFAI metrics described the littoral fish community of both the inflow
(RFAI=42) and the forebay (RFAI=46) zones as good. The Wilson and Pickwick forebay ratings of 46
were the highest recorded in run-of-the-river reservoirs in 1993. The 1993 forebay (RFAI-46) rating also
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represented an increase over the 1992 RFAI score of 38. The forebay scores were the same or higher for all
metrics with exception of the average number of individuals (i.e., average catch per transect). The gill
netting RFAI rated the forebay (38) fair. Gill netting RFAI values were not calculated for inflow zones of
run-of-the-river reservoirs due to low numbers of replicate samples. Combined electrofishing and gill
netting RFAI scores rated the forebay (RFAI=42) and the electrofishing RFAI for the inflow (RFAI=42)

good.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-The boat ramps at Fleet Hollow and Lock Six were tested for fecal
coliform bacteria in 1993. Bacteria concentrations were very low (geometric mean <20/100 ml). The
monthly Vital Signs samples collected in the forebay were all less than 10/100 ml.

Fish Tissue-Composited channel catfish samples were collected from the forebay and inflow
areas in autumn 1992. All analytes were low or not detected. PCB concentrations have been relatively high
in occasional samples during past years. Interestingly, 1992 samples from both locations were below the

detection limit.
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Bear Creek Reservoir

Summary of 1993 Conditions - Ecological Health

Water-The average flow in 1993 was about 89 percent of normal. Even with the relatively short
average residence time, 14.4 days, the maximum temperature difference in the forebay water column was
14.6°C in July. The maximum surface temperature was 31.3°C in July. The Alabama maximum water
temperature criterion for fish and wildlife is 32.2°C (90 F). Depleted DO conditions began at the bottom in
May and by June 21 the area of DO <2.0 mg/i extended to within four meters of the surface, resulting in a
poor DO rating in the reservoir's ecological health index. The cooling surface temperatures in September
allowed surface mixing with the metalimnion, extending the depth with DO >2.0 mg/l to seven meters.

Conductivities in April were about 50 jimhos/cm. Conductivities in the DO depleted zone rose
throughout the summer reaching 182 gLmhos/cm in September. The maximum pH was about 8.5 at the
surface in July. The minimum pH was about 6.1 in the upper portion of the depleted DO zone in August
and September.

The total nitrogen concentration was 0.79 mg/i in April, about 60 percent as nitrates. By August,
nitrates had disappeared, reducing the total nitrogen concentration to 0.37 mg/I. Total phosphorus and
dissolved ortho phosphorus concentrations were 0.02 and 0.002 mg/l in April, and 0.01 and <0.002 in
August, respectively. The TN/TP ratio was between 37 and 40 in both surveys. Secchi depths were the
lowest of the 19 tributary reservoir forebays, ranging from 0.75 to 1.75 meters. Chlorophyll a
concentrations were the highest of the 33 tributary stations, ranging from 8 to 17 jtg/i. The average
chlorophyll a concentration of 12.3 jig/I gave Bear Creek a fair rating for chlorophyll in the reservoir's
ecological health index. Total organic carbon concentrations were 2.5 and 2.8 mg/i in April and August,
respectively.

Sediment Quality-Chemical analyses of sediments in the forebay of Bear Creek Reservoir in
1993 indicated elevated levels of un-ionized ammonia (280 jig/l). Toxicity tests detected acute toxicity to
daphnids (0 percent survival) and rotifers (65 percent survival) in the forebay sediment. Particle size
analysis showed sediments in the forebay were 94 percent silt and clay.

Because of the acute toxicity of the forebay sediment to daphnids and rotifers and the presence of
ammonia, a very poor sediment quality rating was used in the overall 1993 Bear Creek Reservoir ecological
health evaluation.

Benthic Macroinvertebrates-Bear Creek forebay, the only site sampled on the reservoir, had 18
taxa and 216 organisms/m 2 . Procladius sp accounted for 37 percent of the total. Bear Creek forebay
supported an excellent benthic community in 1993, with 5 of the 6 metrics receiving a good score. The
proportion of the sample comprised by chironomids was the only metric to receive a poor score.

Fish Assemblage-Only the forebay zone was sampled on Bear Creek Reservoir in fall 1993.
Electrofishing samples (15 transects) in shoreline areas and experimental gill netting samples (12 net-
nights) offshore collected 1,632 individuals with 28 species represented. Bluegill was the most abundant
taxon in Bear Creek Reservoir (28 percent of total fish sampled). Green sunfish (14 percent), gizzard shad
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(7 percent), spotted bass (7 percent), and longear sunfish (6 percent) followed in order of density. Species
diversity was much higher in electrofishing samples (24 species) than in gill netting efforts (14 species).

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish community (based on results of

electrofishing samples) excellent (RFAI=52) and received maximum scores in all metrics except percent

tolerant species, average number of individuals, and percent anomalies. Fifty-two was the highest RFAI
recorded in all TVA tributary reservoir forebays (Normandy Reservoir forebay also scored 52). The gill
netting RFAI of 40 was rated fair. The combined electrofishing and gill netting RFAI of 46 rated Bear

Creek forebay good.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-The swimming beaches at Piney Point and Horseshoe Bend were tested

for fecal coliform bacteria in 1993. Bacteria concentrations were very low (geometric mean <20/100 ml)

except for one sample at Horseshoe Bend (4800/100 ml).

Fish Tissue-A five fish composite of channel catfish was collected from the forebay during
autumn 1992. There were no pesticides or PCBs detected in the sample. Of the five metals examined, only
mercury was found above the detection limit. The concentration (0.45 ýtg/g) was relatively high, although

far below the concentration of 1.0 gIg/g used by the U.S. Food and Drug Administration to remove products
from commerce. Another sample of channel catfish was collected from the same area in autumn 1993 to

further evaluate this result.
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Little Bear Creek Reservoir

Summary of 1993 Conditions - Ecological Health

Water-The average flow through the reservoir in 1993 was about 89 percent of normal, with an

average residence time of 254 days. The reservoir was thermally stratified throughout the sampling period
with a maximum temperature difference in the water column of 20.5°C in July. The maximum surface
temperature of 31.1 0C in July was less than the Alabama water quality criterion for fish and wildlife of
32.2°C (90 F). The area of DO depletion (DO < 2.0 mg/1) began at the bottom in June, extended to within
8 meters of the surface in July and August, and still comprised over one-half the water column in October.
This resulted in a poor DO rating in the reservoir ecological health index. During June, very high DO
concentrations and corresponding high pH values occurred in the metalimnion. DO was 16.2 mg/l and pH
was 9.4 at the six meter depth; a DO saturation of 172 percent. This was below the area at which the
composited surface sample was collected, thus the chlorophyll concentration in June was probably much
higher than the measured 5 .ig/l.

Surface pH varied from 8.0 to 8.9 from April to August. The minimum pH was 6.7 near the
bottom in September. Conductivities throughout the water column were slightly over 100 ptmhos/em until
DO was depleted at the bottom. Then bottom conductivities rose continually to a maximum of
167 pamhos/cm in October.

Organic nitrogen concentrations were constant, 0.28 mg/l in April and 0.29 mg/l in August, while
nitrates dropped from 0.2 mg/l in April to <0.01 mg/l in August. Total and dissolved ortho phosphorus
concentrations were 0.02 and 0.002 mg/l in April and 0.008 and <0.002 mg/l in August. Total organic
carbon concentrations were 2.3 mg/I in April and 2.9 mg/l in August. The water was relatively clear, with
Secchi depths ranging from 2.0 meters in April to 4.0 meters in August. Productivity was relatively
low-the chlorophyll concentration averaged 3.8 ýtg/l with a maximum of 7 Rg/I in August. These

chlorophyll concentrations are in the range considered good in the reservoir ecological health index.

Sediment Quality--Chemical analyses of sediments in the forebay of Little Bear Creek Reservoir
in 1993 did not reveal any metal or organic analyte to be a concern. Toxicity tests detected acute toxicity to
daphnids (45 percent survival) in the forebay sediment. This resulted in a fair rating for sediments in the
ecological health index. Particle size analysis showed sediments in the forebay were 94 percent silt and
clay.

Benthic Macroinvertebrates-Theý Little Bear Creek forebay site had a fair benthic community,

with high densities and low diversity. There were 3,898 organisms/m 2 representing only 11 taxa, primarily
Tubificidae (96 percent of the total). The abundance of Tubificidae, essentially a tolerant family, had the
largest negative impact on the benthic community. The metrics of number of EPT taxa, number of long-
lived taxa, and diversity all received fair scores. The only metric to receive a good score was the low
proportion of the sample comprised of chironomids.

Fish Assemblage-Only the forebay was sampled on Little Bear Creek Reservoir in fall 1993.
Shoreline electrofishing (15 transects) and offshore experimental gill netting (10 net-nights) yielded 2,946
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Summary of 1993 Conditions - Ecological Health 

Water-The average flow through the reservoir in 1993 was about 89 percent of normal, with an 
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Shoreline electrofishing (15 transects) and offshore experimental gill netting (10 net-nights) yielded 2,946 
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individuals represented by 27 species. Thirty-eight percent of the total catch consisted of bluntnose
minnows, followed by bluegill (21 percent), largemouth bass (6 percent), and green sunfish (5 percent).
The primary forage base in Little Bear Creek Reservoir was comprised mainly of sunfish and minnows, as
shad were collected in very low numbers in both electrofishing and gill netting samples.

Fish assemblage rated good for both electrofishing (RFAI=46) and gill netting (RFAI=50) in the
forebay. Scores for the electrofishing sample were midrange or maximum for all metrics except number of
piscivore species and percent omnivores. Scores in the gill netting samples were midrange or maximum for
all metrics. The overall RFAI (combining electrofishing and gill netting results) rated Little Bear Creek
forebay as good.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-The swimming beaches at Eliott Branch and Williams Hollow were
tested for fecal coliform bacteria in 1993. Bacteria concentrations were very low (geometric mean
<20/100 ml).

Fish Tissue-A five-fish composite of channel catfish was collected from the forebay in autumn
1992. There were no pesticides or PCBs detected in the sample. Mercury was the only metal analyte found;
arsenic, cadmium, lead, and selenium were not detected. The mercury concentration (0.56 ptg/g) was high
enough to warrant further examination in autumn 1993 but not high enough to warrant a detailed study.
The 1993 results were not available at the time this report was prepared.
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Cedar Creek Reservoir

Summary of 1993 Conditions - Ecological Health

Water-The average flow was about 90 percent of normal. The average residence time was about
186 days, and thermal stratification was moderate to strong. The maximum temperature difference in the
water column was 17.9°C in July. The maximum temperature was 30.9°C in July, less than the Alabama
water quality criterion for fish and wildlife of 32.2°C (90 F). DO depletion (DO < 2.0 mg/1) began at the
bottom in May, extended to within 7 meters of the surface in August, and remained depleted at the bottom
in October. This resulted in a poor rating for DO in the reservoir ecological health index. Conductivities in
Cedar Creek were the third highest of the 19 tributary reservoirs, averaging about 240 gmhos/cm in the
water column in April, and increasing in the anoxic zone throughout the summer to a maximum of 295
gpmhos/cm at the bottom in October. Surface pH was over 8.0 from April through September, with a
maximum of 8;6 in May. Cedar Creek water is slightly basic, the minimum bottom pH was 7.1 in

September.
Both organic and nitrate nitrogen concentrations decreased sharply from April to August. Organic

nitrogen concentrations were 0.41 and 0.11 mg/l, while nitrate concentrations were 0.17 and <0.01 mg/1,
respectively. Total and dissolved ortho phosphorus concentrations were 0.02 and 0.004 mg/i in April, and
0.004 and <0.002 mg/l in August. Total organic carbon concentrations were 2.9 and 2.7 mg/l in April and
August, respectively. Water clarity was low to moderate, Secchi depths varied from 1.0 meter in April to
2.75 meters in June. Chlorophyll a concentrations were low, averaging 2.8 pg/l with a maximum of 5 pg/l
in May. These low chlorophyll concentrations gave Cedar Creek Reservoir a fair chlorophyll rating in the
reservoir ecological health index.

Sediment Quality-Chernical analyses of sediments in the forebay of Little Bear Creek Reservoir
in 1993 did not reveal any metal or organic analyte to be a concern. Toxicity tests detected acute toxicity to
daphnids (45 percent survival) in the forebay sediment. Particle size analysis showed sediments in the
forebay were 94 percent silt and clay.

Because of the acute toxicity of the forebay sediment to daphnids, a fair sediment quality rating
was used in the overall 1993 ecological health evaluation.

Benthic Macroinvertebrates-The Cedar Creek forebay supported a fair benthic community with
387 organisms/m2 representing 10 species. Chironomus sp and Tubificidae were the dominant taxa,
comprising 42 and 40 percent of the total, respectively. All 6 metrics received a fair score.

Fish Assemblage-Only the forebay zone was sampled on Cedar Creek Reservoir in fall 1993.
Shoreline electrofishing (15 transects) and offshore experimental gill netting (12 net-nights) yielded 662
individuals represented by 18 species (second lowest diversity in all TVA reservoirs). Thirty-eight percent
of the total catch consisted of brook silversides, followed by gizzard shad (20 percent), spotted bass
(13 percent), and spotted suckers (11 percent).
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Summary of 1993 Conditions - Ecological Health 
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186 days, and thermal stratificatio~ was moderate to strong. The maximum temperature difference in the 

water column was 17.9°C in July. the maximum temperature was 30.9°C in July, less than the Alabama 

water quality criterion for fish and wildlife of32.2°C (90 F). DO depletion (DO < 2.0 mgll) began at the 

bottom in May, extended to within 7 meters of the surface in August, and remained depleted at the bottom 
in October. This resulted in a poor rating for DO in the reservoir ecological health index. Conductivities in 

Cedar Creek were the third highest of the 19 tributary reservoirs, averaging about 240 ~mhos/cm in the 

water column in April, and increasing in the anoxic zone throughout the summer to a maximum of 295 

~mhos/cm at the bottom in October. Surface pH was over 8.0 from April through September, with a 

maximum of 8;6 in May. Cedar Creek water is slightly basic, the minimum bottom pH was 7.1 in 
September. 

Both organic and nitrate nitrogen concentrations decreased sharply from April to August. Organic 

nitrogen concentrations were 0.41 and 0.11 mg/l, while nitrate concentrations were 0.17 and <0.01 mg/l, 

respectively. Total and dissolved ortho phosphorus concentrations were 0.02 and 0.004 mgll in April, and 

0.004 and <0.002 mgll in August. Total organic carbon concentrations were 2.9 and 2.7 mgll in April and 

August, respectively. Water clarity was low to moderate, Secchi depths varied from 1.0 meter in April to 

2.75 meters in June. Chlorophyll a concentrations were low, averaging 2.8 ~gIl with a maximum of 5 ~gIl 

in May. These low chlorophyll concentrations gave Cedar Creek Reservoir a fair chlorophyll rating in the 

reservoir ecological health index. 

Sediment Quality-Chemical analyses of sediments in the forebay of Little Bear Creek Reservoir 

in 1993 did not reveal any metal or organic analyte to be a concern. Toxicity tests detected acute toxicity to 

daphnids (45 percent survival) in the forebay sediment. Particle size analysis showed sediments in the 

forebay were 94 percent silt and clay. 

Because of the acute toxicity of the forebay sediment to daphnids, a fair sediment quality rating 

was used in the overall 1993 ecological health evaluation. 

Benthic Macroinvertebrates-The Cedar Creek forebay supported a fair benthic community with 

387 organisms/m2 representing 10 species. Chironomus sp and Tubificidae were the dominant taxa, 
comprising 42 and 40 percent of the total, respectively. All 6 metrics received a fair score. 

Fish Assemblage-Only the forebay zone was sampled on Cedar Creek Reservoir in fall 1993. 

Shoreline e1ectrofishing (15 transects) and offshore experimental gill netting (12 net-nights) yielded 662 

individuals represented by 18 species (second lowest diversity in all TV A reservoirs). Thirty-eight percent 

of the total catch consisted of brook silversides, followed by gizzard shad (20 percent), spotted bass 

(13 percent), and spotted suckers (11 percent). 

33 



The Reservoir Fish Assemblage Index (RFAI) rated the forebay of Cedar Creek Reservoir fair
(RFAI=32) as determined by electrofishing samples and good (RFAI=46) as determined by gill netting. The
low electrofishing rating could be attributed to low diversity, and low catch. Combined electrofishing and
gill netting ratings (RFAI=38) determined the reservoir fish community to be fair.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-The swimming beach at Slickrock Ford was tested for fecal coliform
bacteria in 1993. Bacteria concentrations were very low (geometric mean <20/100 ml).

Fish Tissue-Five channel catfish were collected from the Cedar Creek forebay in autumn 1992.
Composited fillets were analyzed for pesticides, PCBs, and selected metals. All pesticides and PCBs were
below detection limits. Of the five metal analytes, only mercury was detected - at a relatively low
concentration of 0.21 pg/g.
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The Reservoir Fish Assemblage Index (RF AI) rated the forebay of Cedar Creek Reservoir fair 
(RF AI=32) as determined by electrofishing samples and good (RF AI=46) as determined by gill netting. The 
low electrofishing rating could be attributed to low diversity, and low catch. Combined el~trofishing and 
gill netting ratings (RFAI=38) determined the reservoir fish community to be fair. 
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concentration ofO.211lg/g. 
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Bear Creek Stream Monitoring Site

Summary of 1993 conditions - Ecological Health

Water- The water of Bear Creek is soft (average hardness of 50 mg/i) and moderately alkaline
(average total alkalinity of 50 mg/i). The median pH for the stream monitoring site was 7.6. The river is
well oxygenated with dissolved oxygen levels ranging from 80 to 94 percent of saturation.

Of the 12 streams monitored across the Tennessee Valley, Bear Creek ranked among the lowest in
average concentrations of nitrate+nitrite-nitrogen (0.24 mg/i) and dissolved orthophosphate (0.005 mg/1). It
was among the highest stations with average ammonia nitrogen and organic nitrogen concentrations of
0.044 mg/i and 0.332 mg/i. The average total phosphorus concentration of 0.065 mg/I was near the median
for all stations. The fair total phosphorus and acceptable nitrate+nitrite-nitrogen concentrations yielded a
fair rating for nutrients at the site.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and
total and dissolved copper and zinc) were performed bi-monthly. Dissolved cadmium (6 of 6 samples),
dissolved nickel (2 of 6 samples), and dissolved zinc (1 of 6 samples) were detected, but at levels within the
EPA guideline for protection of human health and aquatic life. Dissolved lead in one of six samples
exceeded the EPA guideline for chronic toxicity to aquatic life.

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals,
PCBs, or pesticides exceeding the EPA guidelines. This is an improvement over 1992 when sediment
quality rated fair.

Benthic Macroinvertebrates-In. 1993, benthic macroinvertebrate results rated fair with a

Modified Benthic Index of Biotic Integrity (MBIBI) score of 40, with 91 taxa and 1,697 organisms/m2.
Conditions in 1992 also rated fair (MBIBI score 38) with 74 taxa and 2,044 organisms/m2. The number of
taxa was greater in 1993 but densities were lower. The benthic fauna in 1993 was composed mostly of
dipteran midge larvae (31 percent), the Asian clam Corbicula (22 percent), and river snails (21 percent).
Dipteran midge larvae were also dominant in 1992 (52 percent), followed by Asian clams (17 percent) and
nutrient-tolerant oligochaeta worms (12 percent). Streambank erosion and unstable substrates are a
continuing problem affecting benthic organisms at this site.

Fish Community Assessment-The fish community rated fair with an Index of Biotic Integrity
(IBI) score of 40), deteriorating considerably from the good (IBI = 48) rating in 1992. Fish sampled in
1993 included fewer native species and fewer intolerant species. A decrease was also seen in the proportion
of specialized insectivores, fish that depend most on a diverse and stable macroinvertebrate community.
Fish density changed most drastically, declining by approximately 50 percent since 1992. Adverse
conditions observed at this station include extensive bank erosion and a predominance of shifting gravel
substrate.
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Summary of 1993 conditions - Ecological Health 
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Fish density changed most drastically, declining by approximately 50 percent since 1992. Adverse 

conditions observed at this station include extensive bank erosion and a predominance of shifting gravel 

substrate. 
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Summary of 1993 conditions - Use Suitability

There were no bacteriological samples or fish tissue samples collected from the Bear Creek stream
site in 1993.
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There were no bacteriological samples or fish tissue samples collected from the Bear Creek stream 
site in 1993. 
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WHEELER RESERVOIR - ELK RIVER WATERSHED
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Wheeler Reservoir

Summary of 1993 Conditions - Ecological Health

Water-Wheeler Reservoir was generally well mixed and lacked persistent thermal stratification in
1993. During the April-September monitoring period, coolest surface water temperatures in Wheeler
Reservoir were in April and the warmest in July. Surface temperatures ranged from a minimum of 17.3*C
to a maximum of 31.9°C at the forebay; from 15.4°C to 29.6°C at the transition zone; and from 18.7 0C to
31.2°C in the Elk River embayment. The 31.9°C temperature in the forebay of Wheeler Reservoir was the
warmest Tennessee River temperature measured as part of the Vital Signs monitoring program (1990-
1993), and is evidence of the effect the very warm meteorological conditions had on surface water
temperatures in July of 1993. (See discussion in Section 4.0, Hydrologic Overview of 1993). Temperatures
above 30.0°C exceed the State of Alabama's water quality criteria for fish and aquatic life.

Dissolved oxygen (DO) concentrations at the 1.5m depth ranged from a low of 6.6 mg/l in
September to a high of 11.6 mg/1 in April at the forebay; from 6.2 mg/l in August to 9.4 mg/I in April at
the transition zone; and from 6.1 mg/I in September to 14.1 mg/I in April at the sampling location in the Elk
River embayment. At the inflow sampling station site (i.e. the tailrace of Guntersville dam) a minimum DO
of 5.4 mg/I was recorded in July. The State of Alabama's minimum dissolved oxygen criteria for the
protection of fish and aquatic life is 5.0 mg/I, measured at the 1.5 meter depth.

Temperature data give evidence of the seasonal warming and a weak thermal stratification in the
downstream portion of Wheeler Reservoir (i.e. at the forebay and Elk River embayment). The maximum
surface to bottom temperature differential (AT) occurred in June and was 5.8°C at the forebay and 7.0'C in
the Elk River embayment. The transition zone was well mixed throughout the summer with AT's almost
never exceeding 1.0°C.

As was the case for several other Tennessee River reservoirs, during the drought like conditions of
the summer of 1993, a strong oxycline developed in June, July, and August in the downstream portions of
Wheeler Reservoir. At the forebay, surface to bottom DO differentials (DO) were 9.7, 9.5, and 7.1 mg/I,
respectively, in June, July, and August. In the Elk River embayment DO's of 11.0, 10.4, and 11.4 mg/1
were measured in June, July, and August, respectively. As streamflows decreased and water temperatures
increased, naturally occurring decomposition processes at the bottom of the reservoir used available oxygen
at a rate faster than it was replenished by inflows.. DO's at or near 0 mg/I occurred at the bottom in the
forebay in July; and in the Elk River embayment in June, July, and August. However, in contrast, the
transition zone was well mixed and lacked any DO stratification (DO differentials never exceeded 1 mg/I
and minimum DO's were never less than 6 mg/I). In addition, DO's were never observed to fall below
5 mg/I at the inflow sampling site (i.e. the tailrace of Guntersville dam).

Based on the above information, the DO component of the overall reservoir ecological health
evaluation for Wheeler Reservoir rated poor at the forebay and Elk River embayment; and excellent at the
transition zone and inflow. The forebay and Elk River embayment rated poor because of the near bottom
anoxia and the duration and volume of water with oxygen concentrations less than 2 mg/l.

Values of pH ranged from 6.7 to 9.1 in Wheeler Reservoir during the summer of 1993. Near
surface values of pH equal to or greater than 8.5 were observed in April, June, July, and August at the
forebay and in the Elk River embayment; but no pH's were ever less than 7.2 nor greater than 7.8 at the
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transition zone was well mixed and lacked any DO stratification (DO differentials never exceeded 1 mg/l 
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Values of pH ranged from 6.7 to 9.1 in Wheeler Reservoir during the summer of 1993. Near 

surface values of pH equal to or greater than 8.5 were observed in April, June, July, and August at the 

forebay and in the Elk River embayment; but no pH's were ever less than 7.2 nor greater than 7.8 at the 
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transition zone. Coincident with these pH's greater than 8.5 (particularly in the Elk River embayment) were
oxygen saturation values ranging from 120% to 175% and high chlorophyll a concentrations, evidence of
very high photosynthetic activity.

Ammonia nitrogen concentrations measured in Wheeler Reservoir, at both the forebay and the
transition zone, were relatively high. As has been the case in previous years (1990-1992), ammonia
nitrogen concentrations measured in 1993 were higher than at any other Vital Signs Monitoring location on
the Tennessee River and averaged approximately 0.07 mg/l at the forebay and 0.11 mg/l at the transition
zone. Given the volume of flow of the Tennessee River through Wheeler Reservoir and the lack extended
periods of anoxia, the high ammonia concentrations could be indicative of large point and non-point waste
discharge(s) to Wheeler Reservoir.

Historically (1990-1992), the forebay of Wheeler Reservoir has the highest total organic carbon
(TOC) and organic nitrogen concentrations of any Vital Signs sampling site on the Tennessee River. In
1993, TOC averaged 2.6 mg/I (one of the highest TOC concentrations) and organic nitrogen averaged
0.32 mg/l (highest organic nitrogen concentration among the Tennessee River sampling sites) at the
forebay. These data and other water quality characteristics (total phosphorus, total nitrogen, and
chlorophyll a,) show substantial increases in concentration between the transition zone sampling site at
Tennessee River Mile (TRM) 295.9 and the forebay sampling site at TRM 277.0. These data suggest a
dramatic increase in primary productivity between the two sampling sites, likely stimulated by the input of
large amounts of nutrients from the Elk River which joins Wheeler Reservoir about seven miles upstream
of the forebay at TRM 284.3. The Elk River has a median total phosphorus and total nitrogen
concentration of about 0.18 mg/l and 1.10 mg/l, respectively, and an annual mean daily flow of about 3050
cfs. (For additional information see discussion below on the Elk River embayment.)

The dramatic increase in primary productivity in Wheeler Reservoir between the transition zone
and the forebay is reflected in the chlorophyll a results. During the summer of 1993, chlorophyll a
concentrations measured at the forebay were as high as 24 pLg/1 in April and August, and averaged about
13.5 gg/l. This is over a 300% increase in chlorophyll a concentrations from those measured at the
transition zone, where chlorophyll a concentrations averaged only about 4 pig/l during the summer of 1993.

Water quality in the Elk River embayment was unique in several aspects, largely reflecting the
natural characteristics of the Elk River. During the summer of 1993, concentrations of several water
quality parameters were higher in the Elk River embayment than at any other embayment or run-of-the-
river sampling site. For example, total nitrogen and ammonia nitrogen averaged 0.72 mg/i and 0.11 mg/i,
respectively. Total phosphorus and dissolved ortho phosphorus averaged 0.175 mg/I and 0.067 mg/l,
respectively. Consequently, as might be expected, chlorophyll a concentrations were very high, averaging
23 ptg/1 and with concentrations as high as 39 Jtg/l measured during massive algal blooms. These
chlorophyll a concentrations measured in the Elk River embayment were higher than at any of the other
Vital Signs monitoring locations during 1993.

The chlorophyll a ratings used in the 1993 ecological health evaluation for Wheeler Reservoir were
fair at the forebay (average exceeding 10 .tg/l), good at the transition zone, and poor in the Elk River
embayment (average exceeding 15 pg/I and large algal blooms).

Finally, true color values in the forebay of Wheeler Reservoir are among the highest measured on
the Tennessee River and show a relatively large increase between the transition zone and the forebay. The
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1990-1992 average for true color was 15.4 and 11.8 PCU's at the forebay and transition zone, respectively.
During the summer of 1993, true color values averaged 12.5 PCU's at the forebay (the highest among the
Tennessee River sampling sites in 1993) and 7.0 PCU's at the transition zone (one of the lowest of the
Tennessee River sampling sites in 1993). These summer color values at the forebay are even higher than
those measured throughout the year in the Elk River, which averaged about 12 PCU's, from 1986-1991.
These data suggest that even though some color is added to the Tennessee River by inflows from the Elk
River, there are other additional sources of color to Wheeler Reservoir between the transition zone and the
forebay.

Sediment Quality-Chemical analyses of sediment in Wheeler Reservoir in 1993 indicated elevated
levels of un-ionized ammonia (340 Rg/I) from the Elk River embayment. Toxicity tests did not reveal acute
toxicity to daphnids or rotifers from the three sites tested. Particle size analysis showed sediments from the
forebay were 98 percent silt and clay; from the transition zone were 25 percent silt and clay, 75 percent

sand; and from the Elk River embayment were 73 percent silt and clay, 27 percent sand.
Sediment quality ratings used in the overall Wheeler Reservoir ecological health evaluation for

1993 were excellent at the forebay and transition zone; and slightly lower, i.e. good, in the Elk River
embayment due to the presence of ammonia.

Benthic Macroinvertebrates-The benthos rated fair at the forebay in 1993, same as in 1992. The
transition zone improved from fair in 1992 to good in 1993, and the inflow improved from good in 1992 to
excellent in 1993. A major are of Wheeler Reservoir, the Elk River embayment, was sampled for the first

time in 1993 and received a poor rating. The forebay location had 14 taxa and 633 organisms/mr,
dominated by the chironomid Coelotanypus (71 percent). The transition zone had 32 taxa and 870

2organisms/m , with Hexagenia limbata as the.dominant taxon comprising 38 percent of the total. The
inflow site had 30 taxa present and 651 organisms/m2 with Corbicula fluminea as the dominant organism
present (61 percent). The Elk River embayment had 25 taxa and 1,488 organisms/m2 with Tubificidae
(37 percent) and Coelotanypus sp (16 percent) as the two dominant taxa.

Wheeler forebay received a fair rating; this is partially due to the high numbers of chironomids and
low EPT taxa present at the site. Interestingly, tubificids made up only a small portion of the sample, and
this boosted the rating slightly. The other metrics, taxa richness and abundance of long-lived species, were
mediocre. At the transition site, a good rating was attained because of good diversity, EPT taxa richness,
and low numbers of chironomids and tubificids. The only metric that brought the rating down was the
evenness of dominant organisms; in this case one organism comprised an inordinate amount of the total
organisms present. The inflow site on Wheeler received a perfect score due to its taxa richness, presence of
a good EPT community, presence of several long-lived taxa, evenness of dominant organisms, and low
numbers of tubificids and chironomids. Elk River embayment did not fare as well as the rest of the sites on
Wheeler, primarily because it had large numbers of chironomids and tubificids, and very few EPT taxa and
long-lived organisms. A perfect score on the taxa richness metric kept this site from receiving a very poor
rating.
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Aquatic Macrophytes-Aquatic plants increased from 4,412 acres in 1992 to 6,597 acres in 1993.
Wheeler Reservoir had the second largest amount of aquatic vegetation within the TVA system. Dominant
submersed species were Eurasian watermilfoil and spinyleaf naiad. These were most abundant in shallow
overbank habitats from TRM 296 upstream to TRM 309. Wheeler Reservoir also had large populations
(1,431 acres) of American lotus concentrated in Flint Creek embayment, overbank sloughs upstream of

Flint Creek, and in Swan Creek embayment.

Fish Assemblage-Fish data collected in near shore and offshore bottom areas showed that 3,211
individuals of 47 species were recorded in both electrofishing (45 transects) and gill netting (26 net-nights)
samples. Electrofishing results indicated total numbers of fish captured were higher in the inflow (1,277)
than in the transition (934) or forebay (473) zones of the reservoir. Gizzard shad (32 percent) comprised
the majority of the total individuals collected, followed by emerald shiners (18 percent), bluegill (8 percent),
and skipjack herring (7 percent). Threadfin shad numbers were moderate in the transition (catch per unit

effort, CPUE=271 per 300m transect) and high in the forebay (CPUE=851 per 300m transect) of Wheeler
Reservoir. Gill netting catch rates were slightly higher in the forebay (CPUE=30 per net night) than the

transition (CPUE=I 1 per net night) or the inflow (CPUE= 14), due to much higher numbers of skipjack
herring in the forebay.

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish community (based on
electrofishing results) good in the forebay (RFAI=44) and inflow (RFAI=44) and fair in the transition
(RFAI=40). A high percentage of tolerant individuals (75 percent) and a lower average number of

individuals (62) influenced the fair rating in the transition. Indices, determined by gill netting, for the
transition and forebay zones of Wheeler Reservoir were 42 (good) and 40 (fair), respectively. Gill netting
RFAI values were not calculated for inflow zones of run-of-the-river reservoirs due to low numbers of

replicate samples.
Combined electrofishing and gill netting RFAI scores for the forebay (RFAI=42) and the

electrofishing RFAI for the inflow (RFAI=44) were rated good. The combined transition RFAI (RFAI=41)

ranked fair.
Electrofishing (15 transects) and gill netting (12 net-nights) results from the Elk River embayment

yielded 5,126 individuals of 30 species. Gizzard shad were the most abundant species, comprising 78

percent of the total number of fish sampled. Other species of interest were bluegill (8 percent) and
largemouth bass (2 percent). High numbers of gizzard shad accounted for the wide margin in catch rates
for both gear types (4,776 individuals in electrofishing and 350 for gill netting). Unusually high numbers of

young-of-year threadfin shad (3,356 per transect) were also observed in the electrofishing sample.
The Reservoir Fish Assemblage Index (RFAI) rated the quality of the littoral community (as

determined by electrofishing samples) good in the Elk River embayment (RFAI=42). Metrics receiving high
scores were number of species, and number of piscivorous, intolerant, and lithophilic spawning species.
The gill netting RFAI of 34 rated fair with metric values being somewhat evenly distributed throughout the

range of possible scores. The combined electrofishing and gill netting RFAI of 34 rated the Elk River

embayment of Wheeler Reservoir as fair.
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Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-No bacteriological studies were conducted at recreation sites in
Wheeler Reservoir in 1993. Fecal coliform bacteria concentrations at the monthly Vital Signs locations, the
forebay, transition zone, and Elk River Embayment, were very low (geometric mean <20/100 ml). The
highest concentration for any sample was 219/100 ml in the transition zone in September.

Fish Tissue-Composite catfish samples for screening purposes were collected from the forebay,
transition zone, and inflow in autumn 1992. Intensive studies were also conducted during this same time
period to examine DDTr concentrations in a 20 mile stretch of Wheeler Reservoir near the Indian Creek
embayment, located between the inflow and-the transition zone. Three five-fish composites of channel
catfish, largemouth bass, and smallmouth buffalo were collected from four locations for the intensive study.

Samples for screening purposes indicated all metals were low or not detected. DDTr was the only
pesticide detected with a range of 1.0 to 1.6 Rg/g. Relatively high PCB concentrations reported for 1990
(maximum 1.4 Wag/g) were again found in 1991 (maximum 1.3 Reg/g) but generally lower levels were found
in 1992 (maximum 0.8 p.g/g). PCB concentrations during all years were higher at upstream locations.

Samples from the intensive study in 1991 found quite high concentrations of DDTr. At least one
sample of one test species exceeded 5 gg/g at all four sites. Highest concentrations were in smallmouth
buffalo (maximum 43 jig/g) from near the mouth of Indian Creek with lower concentrations at the
upstream location and the location at the downstream end of the study reach. Largemouth bass tended to
have lower concentrations than the other two species. Samples for the intensive study in autumn 1992
(samples actually collected in January 1993) had substantially reduced concentrations. Only two samples
exceed 5 Rig/g whereas 15 from 1991 exceeded that concentration. Also, the geographical pattern was not
distinct in these samples. Because of the discrepancy between the two years, the intensive study was
repeated in autumn 1993 but results were not available at the time this report was prepared.
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Tims Ford Reservoir

Summary of 1993 Conditions - Ecological Health

Water-The average flow through Tims Ford Reservoir in 1993 was about 86 percent of normal,
making the average residence time about 329 days. The reservoir was strongly stratified with a maximum
temperature difference of 22.9TC in the water column at the forebay in July. Tennessee's maximum
temperature criterion for aquatic life is 30.5 0C. July surface temperatures were 31.3°C at the forebay and
31.5TC at the mid-reservoir station, the only time the temperature criterion was exceeded. DO depletion
(DO <2.0 mg/I) began in May at the bottom of the water column at mid-reservoir, and in June in the
metalimnion at mid-reservoir and in the forebay in both the metalimnion and at the bottom. The two areas
of depleted DO expanded and met in July at mid-reservoir and September at the forebay. The extensive
area of depleted DO resulted in a poor DO rating for Tims Ford in the reservoir ecological health index. As
surface temperatures cooled in the early fall, the area of depleted DO declined as metalimnetic water mixed
with surface water. Some extremely high DO concentrations occurred at the forebay in the upper part of
the metalimnion. Both June and July DO concentrations exceeded 15 mg/1.

Conductivities in Tims Ford Reservoir were the fifth highest of the 19 tributary reservoirs.
Conductivities were about 180 pWnihos/cm in April, increased throughout the year in the DO depleted
bottom waters to a maximum of 242 and 285 .nihos/cm in October at the forebay and mid-reservoir,
respectively. Conductivities declined in the DO supersaturated surface water in the summer to a minimum
of 145 •ihos/cm at the forebay in July and 136 pmhos/cm in June at mid-reservoir. The waters in Tims
Ford are somewhat basic, as the minimum pH in April was 7.6 in the mid-reservoir. In June, surface pH
was over 9.0 in both the forebay and mid-reservoir. The minimum pH was 6.8 at the bottom of the water
column in September in mid-reservoir.

Organic nitrogen concentrations in June were 0.30 and 0.38 mg/I at the forebay and mid-reservoir,
respectively, and 0.22 and 0.43 mg/1 in August. Nitrates were 0.30 and 0.76 mg/I in April, declining to
<0.01 at both locations in August. Total nitrogen concentrations at mid-reservoir in 1993 was the second
highest concentration of the 33 tributary reservoir stations. Total phosphorus concentrations were
0.01 mg/I during both surveys at the forebay, and 0.02 and 0.005 mg/I at mid-reservoir in April and
August, respectively. The TN/TP ratios were very high, ranging from 24 at the forebay to 90 at mid-
reservoir, both in August. Dissolved ortho phosphorus concentrations were <0.002 mg/1 at both stations
during both surveys. Average total organic carbon concentrations in Tims Ford Reservoir were the fifth
highest of the 19 tributary reservoirs. The minimum total organic carbon concentration was 2.6 mg/I in
April, the maximum was 3.2 mg/I in August, both at mid-reservoir.

Chlorophyll a concentrations averaged 5.4 ptg/l at mid-reservoir and 4.3 jtg/l at the forebay. Some
of the highest DO concentrations were below the depth at which the chlorophyll composite was collected in
the forebay, thus the average sampled forebay concentration may be a little lower than actual values. The
chlorophyll concentrations rated good in the reservoir ecological health index. Secchi depths varied from
1.3 meters in April to 5.5 meters in May at the forebay, and 1.3 meters in April to 8.0 meters in September
at mid-reservoir.
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Tims Ford Reservoir 

Summary of 1993 Conditions - Ecological Health 

Water-The average flow through Tims Ford Reservoir in 1993 was about 86 percent of normal, 
making the average residence time about 329 days. The reservoir was strongly stratified with a maximum 
temperature difference of22.9°C in the water column at the forebay in July. Tennessee's maximum 
temperature criterion for aquatic life is 30.5°C. July surface temperatures were 31.3°C at the forebay and 
31.5°C at the mid-reservoir station, the only time the temperature criterion was exceeded. DO depletion 
(DO <2.0 mgll) began in May at the bottom of the water column at mid-reservoir, and in June in the 
metalimnion at mid-reservoir and in the forebay in both the metalimnion and at the bottom. The two areas 
of depleted DO expanded and met in July at mid-reservoir and September at the forebay. The extensive 
area of depleted DO resulted in a poor DO rating for Tims Ford in the reservoir ecological health index. As 
surface temperatures cooled in the early fall, the area of depleted DO declined as metalimnetic water mixed 
with surface water. Some extremely high DO concentrations occurred at the forebay in the upper part of 
the metalimnion. Both June and July DO concentrations exceeded 15 mgll. 

Conductivities in Tims Ford Reservoir were the fifth highest of the 19 tributary reservoirs. 
Conductivities were about 180 J.U11hos/cm in April, increased throughout the year in the DO depleted 
bottom waters to a maximum of 242 and 285 J.U11hos/cm in October at the forebay and mid-reservoir, 
respectively. Conductivities declined in the DO supersaturated surface water in the summer to a minimum 
of 145 J.U11hos/cm at the forebay in July and 136 .,.mhos/cm in June at mid-reservoir. The waters in Tirns 
Ford are somewhat basic, as the minimum pH in April was 7.6 in the mid-reservoir. In June, surface pH 
was over 9.0 in both the forebay and mid-reservoir. The minimum pH was 6.8 at the bottom of the water 
column in September in mid-reservoir. 

Organic nitrogen concentrations in June were 0.30 and 0.38 mgll at the forebay and mid-reservoir, 
respectively, and 0.22 and 0.43 mgll in August. Nitrates were 0.30 and 0.76 mgll in April, declining to 
<0.01 at both locations in August. Total nitrogen concentrations at mid-reservoir in 1993 was the second 
highest concentration of the 33 tributary reservoir stations. Total phosphorus concentrations were 
0.01 mgll during both surveys at the forebay, and 0.02 and 0.005 mg/l at mid-reservoir in April and 
August, respectively. The TNffP ratios were very high, ranging from 24 at the forebay to 90 at mid
reservoir, both in August. Dissolved ortho phosphorus concentrations were <0.002 mg/l at both stations 
during both surveys. Average total organic carbon concentrations in Tims Ford Reservoir were the fifth 

highest of the 19 tributary reservoirs. The minimum total organic carbon concentration was 2.6 mgll in 
April, the maximum was 3.2 mg/l in August, both at mid-reservoir. 

Chlorophyl1 a concentrations averaged 5.4 ,",gil at mid-reservoir and 4.3 ,",gil at the forebay. Some 
of the highest DO concentrations were below the depth at which the chlorophyll composite was collected in 
the forebay, thus the average sampled forebay concentration may be a little lower than actual values. The 
chlorophyll concentrations rated good in the reservoir ecological health index. Secchi depths varied from 
1.3 meters in April to 5.5 meters in May at the forebay, and 1.3 meters in April to 8.0 meters in September 
at mid-reservoir. 
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Sediment Quality-Chemical analyses of sediments in Tims Ford Reservoir in 1993 indicated high
levels of nickel in the forebay (51 mg/kg). Elevated levels of un-ionized ammonia were also found in both
the forebay (230 pig/l) and mid-reservoir (410 RAg/) sediment samples. Toxicity tests detected acute toxicity
to daphnids (5 percent survival) and rotifers (65 percent survival) in the mid-reservoir. Particle size
analysis showed sediments in the forebay were 99 percent silt and clay; and in the mid-reservoir were
55 percent silt and clay, and 45 percent sand.

Sediment quality ratings used in the overall Tims Ford Reservoir ecological health evaluation for
1993 were good at the forebay sampling site, rather than excellent due to nickel and ammonia; and poor at
the mid-reservoir sampling site (because of acute toxicity to daphnids and rotifers and presence of
ammonia).

Benthic Macroinvertebrates-Two sites were chosen for sampling the first year on Tims Ford
Reservoir, a forebay site and a mid-reservoir site of the Elk River arm. The forebay location had only 2
taxa and 122 organisms/m 2. Tubificidae accounted for 90 percent of the total. The inflow site had 108
organisms/m2 representing 12 species and was dominated by Chironomus sp (32 percent) and Branchiura
sowerbyi (27 percent). The forebay had a very poor benthic community, and scored poor on 5 of the 6
metrics: diversity, number of long-lived species, number of EPT species, proportion of the sample as
tubificids, and unevenness of the dominant species. The only metric to get a good score was the proportion
of the sample represented by chironomids. The inflow site rated only a little better than the forebay with a
poor benthic community. Low diversity, absence of long-lived species, and a disproportionate number of
the dominant taxa accounted for this site rating poor.

Fish Assemblage-Shoreline electrofishing (30 transects) and offshore experimental gill netting
(24 net-nights) yielded 2,726 individuals with 32 species represented. The dominant species by number
included bluegill (50 percent), green sunfish (8 percent), spotfin shiners (7 percent), and brook silversides
(6 percent). Catch rates for most species (except for bluegill and green sunfish), utilizing both gear types,
were higher at the transition zone than the forebay.

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish community (based on
electrofishing results) fair in the forebay zone (RFAI=40) and good in the transition (RFAI=46) of Tims
Ford Reservoir. The transition received midrange to maximum scores for all metrics, except average
number of individuals per transect, resulting in a slightly higher rating than the forebay. Identical gill
netting scores for ten of the twelve metrics resulted in a good rating (RFAI=44) at both reservoir sample
zones, Combined electrofishing and gill netting RFAI scores rated both the forebay (RFAI=42) and the
transition (RFAI=45) zone good.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-The swimming area on Dry Creek and an area in Estill Springs Park
were tested for fecal coliform bacteria in 1993. Bacteria concentrations were low at Estill Springs Park,
geometric mean of 38/100 ml for all samples. In Dry Fork, bacteria concentrations were high in samples
collected within 24-hours of rainfall, geometric mean of 389/100 ml, but were within Tennessee criteria if
the rainfall samples were excluded, geometric mean of 151/100 ml.
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Sediment Quality-Chemical analyses of sediments in Tims Ford Reservoir in 1993 indicated high 
levels of nickel in the forebay (51 mg/kg). Elevated levels of un-ionized ammonia were also found in both 
the forebay (230 ~gIl) and mid-reservoir (410 ~) sediment samples. Toxicity tests detected acute toxicity 
to daphnids (5 percent survival) and rotifers (65 percent survival) in the mid-reservoir. Particle size 
analysis showed sediments in the forebay were 99 percent silt and clay; and in the mid-reservoir were 
55 percent silt and clay, and 45 percent sand. 

Sediment quality ratings used in the overall Tims Ford Reservoir ecological health evaluation for 
1993 were good at the forebay sampling site, rather than excellent due to nickel and ammonia; and poor at 
the mid-reservoir sampling site (because of acute toxicity to daphnids and rotifers and presence of 
ammonia). 

Benthic Macroinvertebrates-Two sites were chosen for sampling the first year on Tims Ford 
Reservoir, a forebay site and amid-reservoir site of the Elk River arm. The forebay location had only 2 
taxa and 122 organisms/m2. Tubificidae accounted for 90 percent of the total. The inflow site had 108 
organisms/m2 representing 12 species and was dominated by Chironomus sp (32 percent) and Branchiura 
sowerbyi (27 percent). The forebay had a very poor benthic community, and scored poor on 5 of the 6 
metrics: diversity, number oflong-lived species, number ofEPT species, proportion of the sample as 
tubificids, and unevenness of the dominant species. The only metric to get a good score was the proportion 
of the sample represented by chironomids. The inflow site rated only' a little better than the forebay with a 
poor benthic community. Low diversity, absence of long-lived species, and a disproportionate number of 
the dominant taxa accounted for this site rating poor. 

Fish Assemblage-Shoreline electrofishing (30 transects) and offshore experimental gill netting 
(24 net-nights) yielded 2,726 individuals with 32 species represented. The dominant species by number 
included bluegill (50 percent), green sunfish (8 percent), spotfin shiners (7 percent), and brook silversides 
(6 percent). Catch rates for most species (except for bluegill and green sunfish), utilizing both gear types, 
were higher at the transition zone than the forebay. 

The Reservoir Fish Assemblage Index (RF AI) rated the littoral fish community (based on 
electrofishing results) fair in the forebay zone (RFAI=40) and good in the transition (RFAI=46) ofTims 
Ford Reservoir. The transition received midrange to maximum scores for all metrics, except average 
number of individuals per transect, resulting in a slightly higher rating than the forebay. Identical gill 
netting scores for ten of the twelve metrics resulted in a good rating (RFAI=44) at both reservoir sample 
zones. Combined e1ectrofishing and gill netting RFAI scores rated both the forebay (RFAI=42) and the 
transition (RFAI=45) zone good. 

Summary of 1993 Conditions - Use Suitability 

Fecal Coliform Bacteria-The swimming area on Dry Creek and an area in Estill Springs Park 
were tested for fecal coliform bacteria in 1993. Bacteria concentrations were low at Estill Springs Park, 
geometric mean of38/l00 ml for all samples. In Dry Fork, bacteria concentrations were high in samples 
collected within 24-hours of rainfall, geometric mean of389/l 00 ml, but were within Tennessee criteria if 
the rainfall samples were excluded, geometric mean of 151/100 mi. 
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Fish Tissue-Channel catfish composites collected from the forebay and transition zone in autumn
1992 were screened for pesticides, PCBs, and selected metals. All analytes were either not detected or

found in only low concentrations. One point of interest was absence of PCBs in these samples because
previous screening studies had typically found PCBs, sometimes at slightly elevated levels.
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Fish Tissue-Chanpel catfish composites collected from the forebay and transition zone in autumn 
1992 were screened for pesticides, PCBs, and selected metals. All analytes were either not detected or 
found in only low concentrations. One point of interest was absence of PCBs in these samples because 
previous screening studies had typically found PCBs, sometimes at slightly elevated levels. 
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Elk River Stream Monitoring Site

Summary of 1993 Conditions - Ecological Health

Water-The water of the Elk River is moderately hard (average hardness of 130 mg/I) and
moderately alkaline (average total alkalinity of 103 mg/l). The median pH for the stream monitoring site
was 7.7. The river was generally well oxygenated with dissolved oxygen levels ranging from 54 to 108
percent of saturation. Five of the six dissolved oxygen levels were above 85 percent of saturation. At the
lowest dissolved oxygen saturation level, the dissolved oxygen concentration was 5.4 mg/I.

Of the 12 streams monitored across the Tennessee Valley, the Elk River ranked among the highest
in average concentrations of total phosphorus (0.374 mg/I), dissolved orthophosphate (0.173 mg/1),
nitrate+nitrite-nitrogen (0.68 mg/I), ammonia nitrogen (0.042 mg/1). The high total phosphorus and
nitrate+nitrite-nitrogen concentrations yielded a poor rating for nutrients at the site.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and
total and dissolved copper and zinc) were performed bi-monthly. Dissolved cadmium (5 of 6 samples) and
total zinc (2 of 6 samples) were detected but neither exceeded EPA guidelines for the protection of aquatic
life or human health.

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals,
PCBs, or pesticides exceeding the EPA guidelines. This is an improvement over 1992 when the sediment
quality rated only fair.

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrate results rated fair with a
2Modified Benthic Index of Biotic Integrity (MBIBI) score of 39, with 73 taxa and 2,384 organisms/m2

Conditions in 1992 rated poor (MBIBI score 27) with 52 taxa and 2,454 organisms/m2. The benthic fauna
improved one classification since 1992. Dominant organisms in 1993 were dipteran midge larvae
(69 percent), coleopteran riffle beetles (8 percent), and caddisflies (7 percent). Dipteran midge larvae were
also the most dominant organism in 1992 (70 percent), followed by nutrient tolerant oligochaeta worms
(18 percent) and coleopteran riffle beetles (5 percent). Siltation from agricultural land usage along the river
and unstable substrates are a serious problem affecting benthic organisms at this site.

Fish Community Assessment-Fish community was not evaluated in the Elk River in 1993.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-The canoe access location at Garner Ford on the Elk River, about one
and one-half miles downstream of Tims Ford Dam, was tested for fecal coliform bacteria in 1993. Five of
the 12 samples were collected within 48-hours of rainfall of at least one-half inch. Bacteriological water
quality for samples collected more than 24-hours after rainfall easily met the Tennessee water quality
criterion for recreation, but rainfall samples greatly exceeded criterion.
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Elk River Stream Monitoring Site 

Summary of 1993 Conditions - Ecological Health 

Water-The water of the Elk River is moderately hard (average hardness of 130 mg/l) and 
moderately alkaline (average total alkalinity of 103 mg/l). The median pH for the stream monitoring site 
was 7.7. The river was generally well oxygenated with dissolved oxygen levels ranging from 54 to 108 
percent of saturation. Five of the six dissolved oxygen levels were above 85 percent of saturation. At the 
lowest dissolved oxygen saturation level, the dissolved oxygen concentration was 5.4 mg/l. 

Of the 12 streams monitoted across the Tennessee Valley, the Elk River ranked among the highest 
in average concentrations of total phosphorus (0.374 mg/l), dissolved orthophosphate (0.173 mg/l), 
nitrate+nitrite-nitrogen (0.68 mg/l), ammonia nitrogen (0.042 mg/l). The high total phosphorus and 
nitrate+nitrite-nitrogen concentrations yielded a poor rating for nutrients at the site. 

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and 
total and dissolved copper and zinc) were performed bi-monthly. Dissolved cadmium (5 of 6 samples) and 
total zinc (2 of 6 samples) were detected but neither exceeded EPA guidelines for the protection of aquatic 
life or human health. 

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals, 
PCBs, or pesticides exceeding the EPA guidelines. This is an improvement over 1992 when the sediment 
quality rated only fair. 

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrate results rated fair with a 
Modified Benthic Index of Biotic Integrity (MBIBI) score of39, with 73 taxa and 2,384 organisms/m2. 
Conditions in 1992 rated poor (MBIDI score 27) with 52 taxa and 2,454 organisms/m2. The benthic fauna 
improved one classifi~tion since 1992. Dominant organisms in 1993 were dipteran midge larvae 
(69 percent), coleopteran riffle beetles (8 percent), andcaddisflies (7 percent). Dipteran midge larvae were 
also the most dominant organism in 1992 (70 percent), followed by nutrient tolerant oligochaeta worms 
(18 percent) and coleopteran riffle beetles (5 percent). Siltation from agricultural land usage along the river 
and unstable substrates are a serious problem affecting benthic organisms at this site. 

Fish Community Assessment-Fish community was not evaluated in the Elk River in 1993. 

Summary of 1993 Conditions - Use Suitability 

Fecal Coliform Bacteria-The canoe access location at Gamer Ford on the Elk River, about one 
and one-half miles downstream ofTims Ford Dam, was tested for fecal coliform bacteria in 1993. Five of 
the 12 samples were collected within 48-hours of rainfall of at leastone-h;Ufinch. Bacteriological water 
quality for samples collected more than 24-hours after rainfall easily met the Tennessee water quality 
criterion for recreation, but rainfall samples greatly exceeded criterion. 
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Fish Tissue-Smallmouth Buffalo, channel catfish, and spotted bass were collected in summer
1992. One five fillet of each species was analyzed for selected metals, pesticides, and PCBs. All analytes
were either not detected or found in low concentrations.
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Fish Tissue-Smallmouth Buffalo, channel catfish, and spotted bass were collected in summer 
1992. One five fillet of each species was analyzed for selected metals, pesticides, and PCBs. All analytes 
were either not detected or found in low concentrations. 
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Guntersville Reservoir

Summary of 1993 Conditions - Ecological Health

Water-During the summer of 1993, Guntersville Reservoir was well mixed and exhibited only
weak thermal stratification. Surface water temperatures ranged from 16.2 0C in April to 30.5°C in July at
the forebay and from 15. P0C to 30.90 C for the same months at the transition zone. Temperatures above
30.0°C exceed the state of Alabama's water quality criteria for fish and aquatic life.

Values for DO at the 1.5m depth ranged from 10.1 mg/l in April to 6.5 mg/i in September at the
forebay and from 9.3 mg/l in April to 5.6 mg/i in August at the transition zone. At the inflow sampling
station site (i.e. the tailrace of Nickajack Dam) a minimum DO of 1.8 mg/i was recorded in July. The State
of Alabama's minimum dissolved oxygen criteria for the protection of fish and aquatic life is 5.0 mg/l,
measured at the 1.5 meter depth.

Summer (April-September) temperature data for the forebay depict weak thermal stratification in
the downstream portion of Guntersville Reservoir in 1993. Maximum surface to bottom temperature
differentials
(AT's = 3.30C) occurred at the forebay in May and June. However, June and July showed the development
of a oxycline in the forebay, with surface DO's being 5.5 and 6.3 mg/i, respectively, greater than bottom
DO's. The minimum DO measured in Guntersville reservoir in 1993 was 0.6 mg/l at the bottom in July in
the forebay; however, this apparently persisted for only a short period of time and by August bottom DO's
were back up to 5 mg/l.

The transition zone was well mixed throughout the summer with maximum AT's (2.2QC) and
ADO's (3.4 mg/i) occurring in June. One interesting observation was the very warm temperatures which
existed throughout the water column at the transition zone in July, when surface temperatures were 30.9°C
and bottom temperatures were 30.OC. The minimum DO measured at the transition zone was 5.5 mg/l at
the bottom in July.

The very low DO concentration of 1.8 mg/l, measured in July in the tailrace below Nickajack Dam
(i.e., the inflow site), was the lowest ever recorded in the releases from Nickajack Dam. In addition,
releases of water from Nickajack Dam were consistently below Alabama's DO water quality criteria for the
protection of fish and aquatic life of 5.0 mg/I (at the 1.5 meter depth) in July, potentially impacting the
ecological health of the inflow site on Guntersville Reservoir.

These data resulted in DO ratings used in the overall reservoir ecological health evaluation for
Guntersville Reservoir to be good at the forebay (minor hypolimnetic anoxia); excellent at the transition
zone; and very poor at the inflow (due to low DO's in the releases from Nickajack dam).

Values of pH ranged from 6.9 to 8.3. Surface water pH values in excess of 8.5 (Alabama's pH
water quality criteria for the protection of fish and aquatic life of 8.5) were not observed in Guntersville
Reservoir in the summer of 1993.

At the forebay, the highest chlorophyll a concentration of 9 .Lg/l was measured in July (average
summer chlorophyll a concentration was 5-6 ,tg/l in 1993). At the transition zone chlorophyll a
concentrations were lower, averaging about 4 4ig/l. TN/TP ratios frequently exceeded 20at both the
forebay and transition zone, indicating conditions when phosphorus concentrations may have limited
photosynthesis.
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Guntersville Reservoir 

Summary of 1993 Conditions - Ecological Health 

Water-During the summer of 1993, Guntersville Reservoir was well mixed and exhibited only 

weak thermal stratification. Surface water temperatures ranged from 16.2°C in April to 30.5°C in July at 

the forebay and from 15.1°C to 30.9°C for the same months at the transition zone. Temperatures above 

30.0°C exceed the state of Alabama's water quality criteria for fish and aquatic life. 

Values for DO at the l.5m depth ranged from 10.1 mgll in April to 6.5 mgll in September at the 

forebay and from 9.3 mgll in April to 5.6 mgll in August at the transition zone. At the inflow sampling 

station site (i.e. the tailrace ofNickajack Dam) a minimum DO of 1.8 mgll was recorded in July. The State 

of Alabama's minimum dissolved oxygen criteria for the protection of fish and aquatic life is 5.0 mgll, 
measured at the 1.5 meter depth. 

Summer (April-September) temperature data for the forebay depict weak thermal stratification in 

the downstream portion of Guntersville Reservoir in 1993. Maximum surface to bottom temperature 

differentials 

(i1T's = 3.3°C) occurred at the forebay in May and June. However, June and July showed the development 

ofa oxycline in the forebay, with surface DO's being 5.5 and 6.3 mg/l, respectively, greater than bottom 

DO's. The minimum DO measured in Guntersville reservoir in 1993 was 0.6 mg/l at the bottom in July in 
the forebay; however, this apparently persisted for only a short period of time and by August bottom DO's 

were back up to 5 mg/l. 

The transition zone was well mixed throughout the summer with maximum ~T's (2.2°C) and 

~DO's (3.4 mg/l) occurring in June. One interesting observation was the very warm temperatures which 

existed throughout the water column at the transition zone in July, when surface temperatures were 30.9°C 

and bottom temperatures were 30.0C. The minimum DO measured at the transition zone was 5.5 mgll at 

the bottom in JUly. 

The very low DO concentration of 1.8 mgll, measured in July in the tailrace below Nickajack Dam 

(i.e., the inflow site), was the lowest ever recorded in the releases from Nickajack Dam. In addition, 

releases of water from Nickajack Dam were consistently below Alabama's DO water quality criteria for the 

protection offish and aquatic life of 5.0 mgll (at the 1.5 meter depth) in July, potentially impacting the 

ecological health of the inflow site on Guntersville Reservoir. 

These data resulted in DO ratings used in the overall reservoir ecological health evaluation for 

Guntersville Reservoir to be good at the forebay (minor hypolimnetic anoxia); excellent at the transition 
zone; and very poor at the inflow (due to low DO's in the releases from Nickajack dam). 

Values of pH ranged from 6.9 to 8.3. Surface water pH values in excess of8.5 (Alabama's pH 

water quality criteria for the protection offish and aquatic life of8.5) were not observed in Guntersville 

Reservoir in the summer of 1993. 

At the forebay, the highest chlorophyll a concentration of9 Ilgll was measured in July (average 

summer chlorophyll a concentration was 5-6 Ilg/l in 1993). At the transition zone chlorophyll a 
concentrations were lower, averaging about 4 Ilg/l. TNrrp ratios frequently exceeded 20'at both the 

forebay and transition zone, indicating conditions when phosphorus concentrations may have limited 

photosynthesis. 
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The chlorophyll a ratings used in the 1993 ecological health evaluation for Guntersville Reservoir
were good at both the forebay and the transition zone (i.e., average concentrations between 3 and 10 pg/l).

Historically, water clarity on Guntersville Reservoir has been among the highest of the mainstem
Tennessee River reservoirs. In 1993, at the forebay and transition zone, respectively, average Secchi depth
was 1.8 and 1.6 meters; total suspended solids was 3.7 and 3.2 mg/l; and true color was 8.3 and 7.1 PCU.

Sediment-Chemical analyses of sediment in Guntersville Reservoir in 1993 indicated the presence
of chlordane (15 4Lg/g) in samples collected at the forebay. Toxicity tests did not reveal acute toxicity to
daphnids or rotifers from the two sites tested (i.e. forebay and transition zone). Particle size analysis
showed sediments from the forebay were 98 percent silt and clay; and from the transition zone were
39 percent silt and clay, 61 percent sand.

Sediment quality ratings used iri the overall Guntersville Reservoir ecological health evaluation for
1993 were good at the forebay (presence of chlordane); and excellent at the transition zone.

Benthic Macroinvertebrates-The forebay site had a good benthic macroinvertebrate community,
the transition zone had an excellent benthic community, and the inflow had a fair benthic community. The
forebay had 20 taxa and 772 organisms/m2 with Coelotanypus tricolor (27 percent) and Corbicula
fluminea (18 percent) as the dominant taxa. The transition zone had 1340 organisms/m2 representing 38
taxa; the dominant taxa were Corbicula fluminea (26 percent) and Coelotanypus tricolor (17 percent). The
inflow site had 35 taxa and 672 organisms/mr with Corbicula fluminea (39 percent) and Tubificidae
(24 percent) as the dominant taxa.

The forebay site fell short of an excellent rating primarily because high numbers of chironomids
and a mediocre EPT community. All other metrics were excellent. The transition zone scored excellent, and
fell just short of perfect because the percentage of the community made of chironomids was slightly
elevated. The absence of adequate long-lived taxa, depressed diversity and EPT taxa, and unevenness of the
dominant organisms all contributed to the inflow site receiving a fair rating. Metrics which rated food at the
inflow were (due to their relatively low numbers) were tubificids and chironomids.

Aquatic Macrophytes-Aquatic macrophytes on Guntersville Reservoir increased from 5,993
acres in 1992 to 7,613 acres in 1993. The reservoir had the largest acreage of aquatic plants in the TVA
system. About 99 percent of the total amount of vegetation was upstream of TRM 363 and primarily
confined to shallow embayments and overbank areas adjacent to the river channel. Eurasian watermilfoil
was the dominant submersed macrophyte species and colonized about 6,500 acres in 1993. About three
acres of "topped out" hydrilla occurred on Guntersville Reservoir in 1993 compared to about 2,900 acres in
1988 when aquatic vegetation coverage peaked at about 20,200 acres. In 1990, the reservoir was stocked
with 100,000 triploid grass carp for aquatic vegetation control.

Fish Assemblage-Shoreline electrofishing (45 transects) and offshore gill netting (29 net-nights)
produced 8,441 fish representing 41 species. Both sampling techniques indicated higher catch rates in the
forebay than the other two zones of the reservoir. Gizzard shad (19 percent) was the dominant species,
followed by bluegill (17 percent), and emerald shiners (14 percent). Results indicated that largemouth bass
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The chlorophyll a ratings used in the 1993 ecological health evaluation for Guntersville Reservoir 
were good at both the forebay and the transition zone (i.e., average concentrations between 3 and 10 J.18Il). 

Historically, water clarity on Guntersville Reservoir has been ~ong the highest of the mainstem 
Tennessee River reservoirs. In 1993, at the forebay and transition zone, respectively, average Secchi depth 
was 1.8 and 1.6 meters; total suspended solids was 3.7 and 3.2 mgll; and true color was 8.3 and 7.1 PCU. 

Sediment-Chemical analyses of sediment in Guntersville Reservoir in 1993 indicated the presence 
of chlordane (15 J.Lg!g) in samples collected at the forebay. Toxicity tests did not reveal acute toxicity to 
daphnids or rotifers from the two sites. tested (i.e. forebay and transition zone). Particle size analysis 
showed sediments from the forebay were 98 percent silt and clay; and from the transition zone were 
39 percent silt and clay, 61 percent sand. 

Sediment quality ratings used iri the overall Guntersville Reservoir ecological health evaluation for 
1993 were good at the forebay (presence of chlordane); and excellent at the transition zone. 

BenthiC Macroinvertebrates-The forebay site had a good benthic macroinvertebrate community, 
the transition zone had an excellent benthic community, and the inflow had a fair benthic community. The 
forebay had 20 taxa and 772 organisms/m2 with Coelotann>us tricolor (27 percent) and Corbicula 
fluminea (18 percent) as the dominant taxa. The transition zone had 1340 organisms/m2 representing 38 
taxa; the dominant taxa were Corbicula fluminea(26 percent) and Coelotanypus tricolor (17 percent). The 
inflow site had 35 taxa and 672 organism~/m2with Corbicula fluminea (39 p~rcent) and Tubificidae 
(24 percent) as the dominant taxa. 

The forebay site fell short of an excellent rating primarily because high numbers of chironomids 
and a mediocre EPT community. All other metrics were excellent. The transition zone scored excellent, and 
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elevated. The absence of adequate long-lived taxa, depressed diversity and EPT taxa, and unevenness of the 
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inflow were (due to their relatively low numbers) were tubificids and chironomids. 
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system. About 99 percent of the total amount of vegetation was upstream ofTRM 363 and primarily 
confmed to shallow embayments and overbank areas adjacent to the river channel. Eurasian watermilfoil 
was the dominant submersed macrophyte species and colonized about 6,500 acres in 1993. About three 
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Fish Assemblage-Shoreline electrofishing (45 transects) and offshore gill netting (29 nct-nights) 
produced 8,441 fish representing 41 species. Both sampling teclmiques indicated higher catch rates in the 
forebay than the other two. zones of the reservoir. Gizzard shad (19 percent) was the dominant species, 
followed by bluegill (17 percent), and emerald shiners (14 percent). Results indicated that largemouth bass 
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(4.3 percent) was the only major sport fish species to comprise more that one percent of the electrofishing
sample. As in previous years, largemouth bass were five times more abundant in the transition zone than
either of the other two zones.

Electrofishing RFAI analysis determined that fish communities in both the inflow (RFAI=30) and
transition zone (RFAI=28) rated poor, while that present in the forebay zone (RFAI=38) rated fair.
Compared to other mainstream reservoirs, the Guntersville inflow and transition zones were in the lower
third and the forebay zone the upper third. The poor designation of the transition also represented a
significant decrease from the good rating in 1992. Metrics contributing to the poor designation for the
inflow and transition areas were low numbers of sucker and intolerant species, depressed fish abundance,
and high percentages of anomalies. Gill netting results showed both zones to be fair (transition RFAI=34
and forebay RFAI=38). Transition zone scores were midrange (most metrics received a score of three),
while forebay scores tended to be very low or very high (metrics received a score of one or five) for most
metrics. Gill netting RFAI values were not calculated for inflow zones of run-of-the-river reservoirs due to
low numbers of replicate samples.

Combined electrofishing and gill netting RFAI values for both the forebay (RFAI=38) and
transition (RFAI=3 1) were classified as fair, followed by the electrofishing RFAI for the inflow (RFAI=30)
which was poor.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-Two swimming beaches, one boat ramp, the middle of the channel
under five causeways, both Vital Signs locations, and an area downstream of Guntersville sewage
treatment plant were each tested twelve times in 1993 for fecal coliform bacteria. No samples were
collected within 48-hours of a rainfall of one-half inch or greater. The sampled swimming beaches were the
Camp Barber Boy Scout Camp, and the Camp Trico Girl Scout Camp.

The 1993 survey at the causeways was intended to identify the watersheds having the most
potential for affecting the bacteriological water quality in the main channel of Guntersville Reservoir. The
other sites were selected to determine the impacts discharges or runoff from urban areas have on
Guntersville Reservoir. At all but two sites, the bacteria concentrations were very low (geometric means
<20/100 Hl). At the Polecat Creek Causeway and at the Crow Creek boat ramp the fecal coliform bacteria
samples had geometric mean concentrations of 69 and 67/100 ml, respectively. The lack of rainfall during
the sampling period may have resulted in lower concentrations at some sites. For the regular monthly Vital
Signs sampling, all fecal coliform concentrations were very low.

Fish Tissue-Composite catfish samples were collected from the forebay, transition zone, and near
the inflow in autumn 1992. One reason for resampling was that relatively high PCB concentrations of
chlordane and PCBs had been found in 1990 (chlordane levels at the forebay were 0.10 ý±g/g and those
from near the inflow were 0.11 jtg/g; whereas, PCB concentrations at these two locations were 1.2 and
1.3 pg/g, respectively). Chlordane was not detected in any of the 1992 samples and PCB concentrations
decreased progressively from year to year (maximum 0.9 p.g/g in 1991 and 0.4 4ag/g in 1992). Other
pesticides and metals were relatively low during all years at all locations.
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Sequatchie River Stream Monitoring Site

Summary of 1993 Conditions - Ecological Health

Water-The water of the Sequatchie River is moderately hard (average hardness of 90 mg/i) and
moderately alkaline (average total alkalinity of 74 mg/l). The median pH for the stream monitoring site was
7.4. The river was well oxygenated with dissolved oxygen levels ranging from 72 to 93 percent of
saturation.

Of the 12 streams monitored across the Tennessee Valley, the Sequatchie River ranked among the
highest in average concentrations of organic nitrogen (0.372 mg/l) and ammonia nitrogen (0.090 mg/l). It
was among the lowest in average total phosphorus with a concentration of 0.022 mg/l. The average
nitrate+nitrite-nitrogen (0.42 mg/l) and average dissolved orthophosphate (0.009 mg/i) concentrations
ranked mid-way of all station medians. The low average total phosphorus and acceptable nitrate+nitrite-
nitrogen concentrations yielded a good rating for nutrients at the site.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and
total and dissolved copper and zinc) were performed bi-monthly. Dissolved cadmium was detected in 4 of 5
samples. However, the concentrations did not exceed the EPA guideline for the protection of aquatic life or
human health. Additional metals analyses included total and dissolved forms of iron and manganese. Total
iron (2 of 6 samples) and total manganese (1 of 6 samples) exceeded the EPA guideline for combined
consumption of fish and water.

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals,
PCBs, or pesticides exceeding the EPA guidelines. The sediment quality also rated good in 1992.

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrate results were rated fair with a
2Modified Benthic Index of Biotic Integrity (MBIBI) score of 44, with 80 taxa and 3,951 organisms/mi

Conditions in 1992 also rated fair (MBIBI score 41) with 93 taxa and 2,096 organisms/m 2 . Dominant
organisms in 1993 were dipteran midge larvae (38 percent), caddisflies (27 percent), and mayflies
(12 percent). Nutrient tolerant oligochaete worms were the dominant group in 1992 (22 percent), followed
by dipteran midge larvae (20 percent) and caddisflies (16 percent). Conditions have improved between
sampling years. The fair rating (score 44) given for 1993 is borderline good for this site; however, siltation
from agricultural land use along the river and coal mining in the Sequatchie watershed continues to impact
benthic communities in the river.

Fish Community Assessment-No change was seen as the fish community rated fair with an Index
of Biotic Integrity (IBI) score of 42 during both 1993 and 1992. Problems continued to occur in species
richness and composition and in fish density. Forty-six to 69 native fish species were expected at this
station, but only 38 were found. This loss of diversity was most noticeable among darters and intolerant
species. Fish density was one of the lowest found at the 11 stations sampled in 1993. Poor conditions
observed at this station were sedimentation of shoreline habitats and occasional bank erosion.
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Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-Four canoe access sites on the Sequatchie River from river mile 35.6 to
51.3 were tested for fecal coliform bacteria twelve times each in 1993. Two samples were collected within
48-hours of a rainfall greater than one-half inch. The geometric mean of fecal coliform bacteria
concentrations for all samples at the four sites ranged from 43 to 103/100 ml, all well within the Tennessee
bacteriological criterion for recreation. Concentrations were higher in the two rainfall samples.

Fish Tissue-Five freshwater drum, channel catfish, and largemouth bass were collected from the
Sequatchie River during summer 1992. Composited fillets for each species were analyzed for selected
metals, pesticides, and PCBs. Most analytes were not detected. Those that were had low concentrations.
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NICKAJACK RESERVOIR - CHICKAMAUGA RESERVOIR WATERSHED
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Nickajack Reservoir

Summary of 1993 Conditions - Ecological Health

Water-Surface water temperatures during the April to September monitoring period ranged from
a 17.61C in April to 29.2 0C in July at the forebay; and DO at the 1.5m depth ranged from 5.6 mg/l in
August to 10.2 mg/i in April at the forebay. At the inflow sampling station site (i.e., the tailrace of
Chickamauga dam) a minimum DO of 2.2 mg/l was recorded in July. Tennessee's minimum dissolved
oxygen criteria for the protection of fish and aquatic life is 5.0 mg/I, measured at the 1.5 meter depth.

The riverine character of Nickajack Reservoir, with an average hydraulic residence time of only
three to four days, results in it being the best mixed of any of the Vital Signs reservoirs. Temperature data
reflect a lack of thermal stratification in Nickajack Reservoir in 1993. A maximum surface to bottom
temperature differential of 1.8°C was measured at the forebay in May. However, summer DO data reflect a
small oxycline in the forebay of Nickajack Reservoir when surface to bottom DO differentials were 3.0,
3.1, 4.8, and 2.1 mg/I, respectively, from May through August. The drought like conditions and low flows
also depressed concentrations of oxygen. For example, minimum oxygen concentrations measured at the
bottom in the forebay of Nickajack Reservoir were 4.6, 4.7, and 5.0 mg/I, respectively, for 1990, 1991, and
1992. However, in 1993, minimum DO concentrations at the bottom in the forebay of Nickajack Reservoir
were 3.0 mg/l. In addition, in late July (between the mid-July and mid-August field surveys), releases from
Nickajack Dam were recorded as low as 1.8 mg/l, indicating a short period when DO concentrations in the
hypolimnion of the forebay were less than 2 mg/l. Also in July, DO's as low as 2.2 mg/1 and frequently in
the mid-3's mg/I were measured in the releases from Chickamauga dam (i.e., the inflow to Nickajack
Reservoir).

Because DO concentrations were frequently below Tennessee's minimum dissolved oxygen criteria
for the protection of fish and aquatic life (5.0 mg/l at the 1.5 meter depth), the DO rated poor at inflow
sampling site in the overall ecological health evaluation of Nickajack Reservoir. Based on no DO's actually
being measured in the hypolimnion of the forebay of Nickajack Reservoir below 2 mg/l, the forebay
sampling site's DO rating was excellent.

Values of pH varied over a rather narrow range, from 7.0-8.0 during the summer of 1993. At the
forebay, the highest chlorophyll a concentration of about 10 jtg/l was measured in May and averaged about
6 ptg/l in the summer of 1993. Consequently, the chlorophyll a rating used in the 1993 ecological health
evaluation for Nickajack Reservoir was good (i.e., average concentration between 3 and 10 Jtg/l).

Sediment-Chen-ical analyses of sediments in Nickajack Reservoir in 1993 indicated the presence
of chlordane (21 pRg/g) from the forebay. Toxicity tests did not reveal acute toxicity to daphnids or rotifers
from the forebay. Particle size analysis showed sediments from the forebay about 92 percent silt and clay.

The sediment quality rating used in the overall Nickajack Reservoir ecological health evaluation for
1993 was good (rather than excellent because chlordane was detected.

Benthic Macroinvertebrates-Both the forebay and inflow sites on Nickajack had excellent
benthic macroinvertebrate communities, an improvement from the previous years. The forebay site had 21
taxa and 535 organisms/m 2 with Hexagenia limbata comprising 30 percent of the total. The inflow site
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had 38 taxa and 1458 organisms/m2; Cheumatopsyche sp and Tubificidae were dominant, comprising 22
and 19 percent of the total organisms present, respectively.

The forebay site fell short of a perfect score due to a slightly elevated chironomid community, but
still received an excellent rating. All other metrics were perfect. The inflow site scored perfect for each
metric evaluated, resulting in an excellent benthic community evaluation.

Aquatic Macrophytes-Aquatic plants on Nickajack Reservoir increased from 583 acres in 1992
to 1,000 acres in 1993. Eurasian watermilfoil and spinyleaf naiad were the dominant species and occurred
in mixed colonies or occasionally with other species such as American pondweed and southern naiad.
Aquatic macrophytes were most abundant from TRM 425 upstream to TRM 440.

Fish Assemblage-Fish collections in the littoral (30 electrofishing transects) and offshore/benthic
areas (16 net-nights) of Nickajack Reservoir found fish to be more concentrated in the inflow zone (2,181)
than the forebay (1,337) particularly as indicated by electrofishing results. Although gill netting effort was
reduced in the inflow, catch per unit effort (CPUE) was similar between forebay and inflow zones. Bluegill
was the most abundant species (29 percent), followed by emerald shiners (20 percent). The majority of the
forage base in the Nickajack sample was comprised of several shiner species (golden, emerald, spotfin, and
steelcolor) instead of shad, which is unusual for run-of-the-river reservoirs.

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish (based on electrofishing
results) excellent in the inflow (RFAI=52) and fair in the forebay (RFAI=40) zones of Nickajack
Reservoir. The inflow index of 52 was the highest score observed for run-of-the-river reservoir inflows and
received maximum scores for all metrics except number of piscivorous, sucker, and intolerant species, and
percent anomalies. The gill netting RFAI rated the forebay good (RFAI=48). Gill netting RFAI values were
not calculated for inflow zones of run-of-the-river reservoirs due to low numbers of replicate samples.

The combined electrofishing and gill netting RFAI score for the forebay (RFAI=44) was
determined to be good. The electrofishing RFAI for the inflow (RFAI=52) was rated excellent. High inflow
RFAI indices in 1992 and 1993 indicate Nickajack to have possibly the best fish community among run-of-
the-river inflows.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-Four swimming beaches and a boat ramp near Nickajack Dam, and one
boat ramp and two informal swimming areas in the North Chickamauga Creek Embayment were tested for
fecal coliform bacteria twelve times each in 1993. Two samples at each site were collected within 48-hours
of a rainfall of at least one-half inch. The geometric mean of the bacteria concentrations were very low
(<20/100 ml) at five of the eight sites. The geometric means at one formal and one informal swimming area
was 49 and 31/100 ml, well within Tennessee water quality criterion for recreation. At Smith's Camp-On-
The-Lake boat ramp, the geometric mean was 657/100 ml. All the Vital Signs monthly samples at the
forebay were 10/100 ml or less.

Fish Tissue-The PCB concentration in channel catfish has averaged about 1.0 pLg/g over the last
three years. The TDEC has issued a precautionary advisory due to PCB contamination in catfish from
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Nickajack Reservoir. This means that children, pregnant women, and nursing mothers should not consume
catfish, and all others should limit consumption to 1.2 pounds per month.

Fish tissue studies conducted in autumn 1992 were aimed at examining the long-term trend of PCB
concentrations in channel catfish and developing a data base for carp. Ten individuals of both species were
collected at two sites, one near the forebay, and the other in the upper end of the reservoir about 13 miles
downstream of the inflow. The 1992 study also included collection of striped bass (including hybrid striped
bass x white bass) from just downstream of Chickamauga Dam. PCB concentrations in the catfish and carp
were substantially reduced (about half) from those previously found. The average for channel catfish was
0.4 and 0.5 pg/g (maximum 0.8 pg/g) at the forebay and upper location, respectively. Concentrations in
carp were similar to those in catfish. Highest concentrations were found in striped bass (average 0.8 g.g/g
and maximum 1.1 pg/g). The reduced concentrations in catfish and carp need to be verified, so these
species, along with striped bass, were resampled in autumn 1993. Results were not available at the time
this report was prepared.
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Chickamauga Reservoir

Summary of 1993 Conditions - Ecological Health

Water-During the April-September 1993 monitoring period, coolest surface water temperatures
in Chickamauga Reservoir were in April and the warmest in July. Surface temperatures ranged from a
minimum of 17.0°C to a maximum of 31.71C at the forebay; from 16.20C to 30. 10C at the transition zone;
and from 19. 10C to 28.8°C in the Hiwassee River embayment. Tennessee's maximum water temperature
criteria for the protection of fish and aquatic life is 30.50C.

Dissolved oxygen (DO) concentrations at the 1.5m depth ranged from a low of 6.9 mg/l in
September to a high of 11.4 mg/l in April at the forebay; from 5.7 mg/1 in September to 10.3 mg/l in April
at the transition zone; and from 7.3 mg/l in August to 9.9 mg/l in April at the sampling location in the
Hiwassee River embayment. At the inflow sampling site (i.e., the tailrace of Watts Bar dam) a minimum
DO of 3.7 mg/l was recorded in August. Tennessee's minimum dissolved oxygen criteria for the protection
of fish and aquatic life is 5.0 mg/I, measured at the 1.5 meter depth.

Temperature data depict seasonal warning and weak thermal stratification in Chickamauga
Reservoir from May through July. The maximum observed surface to bottom temperature differentials
(AT's), occurred in July. AT's were 5.5'C at the forebay, 3.20C at the transition zone, and 4. PC in the
Hiwassee River embayment. There was also an oxycline at the forebay and transition zone in June and July
when differences between surface and bottom DO's (DO's) were about 6 to 9 mg/l at the forebay and
transition zone. In July 1993, a minimum DO of less than 0.1 mg/l was measured on the bottom at the
forebay and a minimum of 1.6 mg/l was measured on the bottom at the transition zone. Better DO
conditions were observed in the Hiwassee River embayment portion of Chickamauga Reservoir, where
maximum DO's were only 1.7 mg/I and near bottom DO's only slightly below 6 mg/l.

DO ratings used in the overall reservoir ecological health evaluation for Chickamauga Reservoir
were good at the forebay; good to excellent at the transition zone; excellent in Hiwassee River embayment;

and fair at the inflow. The forebay would have rated higher had it not been for the low near bottom oxygen
concentrations which existed in July. The fair rating at the inflow sampling site on Chickamauga Reservoir
was a result of oxygen levels being measured about 1.5 mg/l below the Tennessee criteria (5 mg/l, at the
1.5 meter depth) in the releases from Watts Bar dam.

Values of pH ranged from 6.8 to 8.8 on Chickamauga Reservoir, in 1993. Near surface pH values
exceeding 8.5 (and DO saturation values exceeding 100 percent) were observed on only two occasions
(April and July), both at the forebay. Both of these periods of high pH and high oxygen saturations were
also coincident with high chlorophyll a concentrations, indicative of periods of high photosynthetic activity.
Tennessee's maximum pH criteria for the protection of fish and aquatic life is 8.5.

Total nitrogen (TN), total phosphorus (TP), and dissolved ortho phosphorus (DOP) were low in
the Tennessee River portion of Chickamauga Reservoir in 1993. TN averaged only 0.37 mg/l at the
forebay, the lowest TN concentration measured at any of the Tennessee River sampling sites in 1993. At
both the forebay and the transition zone, TP and DOP concentrations averaged only about 0.026 mg/l and
0.005 mg/I, respectively, and were among the lowest TP and DOP concentrations measured at any of the
Tennessee River sampling sites in 1993. Because of these low concentrations (and because TN/TP ratios
often exceeded 20), periods of phosphorus limitation on algal productivity were likely to have occurred.
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In 1993, Chickamauga Reservoir chlorophyll a concentrations averaged 8.5 pg/o, 7.8 pg/i, and
5.5 pg/I, respectively, at the forebay, transition zone, and Hiwassee River embayment. Consequently, the
chlorophyll a ratings used in the 1993 ecological health evaluation for Chickamauga Reservoir were good
(i.e., falling in the 3 to 10 pg/i range) at all three locations.

Sediment Quality-As in 1990, 1991, and 1992, chemical analyses of sediments from
Chickamauga Reservoir in 1993 found high levels of copper (64 mg/kg) and zinc (320 mg/kg) in the
forebay. High levels of copper (50 mg/kg) were also found in the Hiwassee River embayment, which was
sampled for the first time in 1993. Chlordane was also detected in the forebay (16 pg/g) and the transition
zone (15 ptg/g). Toxicity tests indicated no acute toxicity to either species from the three sites tested, but
survival of rotifers (75 percent survival) was reduced in the transition zone. Toxicity to rotifers was
detected in both forebay and transition zone samples in 1992. Particle size analysis showed sediments from
the forebay were 97 percent silt and clay; from the transition zone were 86 percent silt and clay, 14 percent
sand; and from the Hiwassee River embayment were 63 percent silt and clay, 37 percent sand.

Sediment quality ratings used in the overall Chickamauga Reservoir ecological health evaluation
for 1993 were fair at the forebay (presence of copper, zinc and chlordane); fair at the transition zone
(presence of chlordane and reduced survival of rotifers); and, good in the Hiwassee River embayment
(presence of copper).

Benthic Macroinvertebrates-The forebay and transition zone sites had excellent benthic
communities, and the inflow site was fair. The Hiwassee embayment, a major component of Chickamauga
Reservoir, was also included in the ecological health rating. It was shown to support a good benthic
community. The forebay site had 19 taxa and 847 organisms/mi2 .The most numerous taxa collected were
the chironomid Coelotanypus sp (29 percent), the mayfly Hexagenia limbata (20 percent), the asiatic clam
Corbicula fluminea (19 percent) and Tubificidae (17 percent). The transition zone was represented by 25
taxa and 897 organisms/m2 with Hexagenia limbata comprising 26 percent of the total organisms and

2Tubificidae comprising 18 percent of the total organisms. The inflow had 21 taxa and 845 organisms/mi
Gammarus fasciatus, an amnphipod, was the dominant species present comprising 36 percent of the total
organisms. The Hiwassee embayment had the greatest diversity and abundance of organisms than any other

site on Chickamauga Reservoir. It had 2312 organisms/m2 representing 49 species; Tubificidae were the
dominant taxa collected (36 percent) followed by the snail Musculium transversum (17 percent).

The forebay on Chickamauga supported an excellent benthic community, however, the overall
benthic score was lowered due to an elevated chironomid community and lowered EPT community. The
transition zone also received an excellent rating but fell short of perfect because of an elevated chironomid
community and lowered numbers of long-lived taxa. The inflow site rated fair primarily because of an
absence of long-lived organisms such as Corbicula sp and Hexagenia sp, and because of reduced diversity
and EPT taxa present. The Hiwassee embayment supported a good benthic community in 1993 because of
an excellent EPT representation, diversity, low numbers of Chironomids, and evenness of the dominant
species. An abundance of tubificids and a lack of long-lived species contributed to this site receiving a good
rating instead of an excellent rating.

66

In 1993, Chickamauga Reservoir chlorophyll a concentrations averaged 8.5 J.1gI1, 7.8 Jl8I'l, and 

5.5 ~g/l, respectively, at the forebay, transition zone, and Hiwassee River embayment. Consequently, the 

chlorophyll a ratings used in the 1993 ecological health evaluation for Chickamauga Reservoir were good 

(i.e., falling in the 3 to 10 ~gIl range) at all three locations. 

Sediment Quality-As in 1990, 1991, and 1992, chemical analyses of sediments from 

Chickamauga Reservoir in 1993 found high levels of copper (64 mglkg) and zinc (320 mglkg) in the 

forebay. High levels of copper (50 mglkg) were also found in the Hiwassee River embayment, which was 
sampled for the first time in 1993. Chlordane was also detected in the forebay (16 ~g/g) and the transition 

zone (15 ~g/g). Toxicity tests indicated no acute toxicity to either species from the three sites tested, but 

survival of rotifers (75 percent survival) was reduced in the transition zone. Toxicity to rotifers was 
detected in both forebay and transition zone samples in 1992. Particle size analysis showed sediments from 

the forebay were 97 percent silt and clay; from the transition zone were 86 percent silt and clay, 14 percent 

sand; and from the Hiwassee River embayment were 63 percent silt and clay, 37 percent sand. 

Sediment quality ratings used in the overall Chickamauga Reservoir ecological health evaluation 

for 1993 were fair at the forebay (presence of copper, zinc and chlordane); fair at the transition zone 

(presence of chlordane and reduced survival of rotifers); and, good in the Hiwassee River embayment 

(presence of copper). 

Benthic Macroinvertebrates-The forebay and transition zone sites had excellent benthic 

communities, and the inflow site was fair. The Hiwassee embayment, a major component of Chickamauga 

Reservoir, was also included in the ecological health rating. It was shown to support a good benthic 
community. The forebay site had 19 taxa and 847 organisms/m2. The most numerous taxa collected were 

the chironomid Coelotanypus sp (29 percent), the mayfly Hexagenia limbata (20 percent), the asiatic clam 

Corbicula fluminea (19 percent) and Tubificidae (17 percent). The transition zone was represented by 25 

taxa and 897 organisms/m2 with Hexagenia limbata comprising 26 percent of the total organisms and 

Tubificidae comprising 18 percent of the total organisms. The inflow had 21 taxa and 845 organisms/m2. 

Gammarus fasciatus, an amphipod, was the dominant species present comprising 36 percent of the total 

organisms. The Hiwassee embayment had the greatest diversity and abundance of organisms than any other 

site on Chickamauga Reservoir. It had 2312 organisms/m2 representing 49 species; Tubificidae were the 

dominant taxa collected (36pereent) followed by the snail Musculium transversum (17 percent). 

The forebay on Chickamauga supported an excellent benthic community, however, the overall 

benthic score was lowered due to an elevated chironomid community and lowered EPT community. The 

transition zone also received an excellent rating but fell short of perfect because of an elevated chironomid 

community and lowered numbers of long-lived taxa. The inflow site rated fair primarily because of an 
absence of long-lived organisms such as Corbieula sp and Hexagenia sp, and because of reduced diversity 

and EPT taxa present. The Hiwassee embayment supported a good benthic community in 1993 because of 

an excellent EPT representation, diversity, low numbers of Chi ron om ids, and evenness of the dominant 

species. An abundance oftubificids and a lack oflong-lived species contributed to this site receiving a good 

rating instead of an excellent rating. 

66 



Aquatic Macrophytes-Coverage of aquatic macrophytes increased from 387 acres in 1992 to
1,185 acres in 1993. Most macrophytes were in Dallas Bay embayment and in small embayments and
overbank habitat upstream of TRM 499. Aquatic macrophytes on Chickamauga Reservoir peaked at about
7,500 acres in 1988 and continuously declined until 1993 when coverage increased. Spinyleaf and southern
naiad were the dominant species in 1993 although small colonies of Eurasian watermilfoil, American
pondweed, and American lotus also were present.

Fish Assemblage-Fish data collected in littoral (45 electrofishing transects) and offshore zones
(28 net-nights) of the forebay resulted in the collection of 44 species (6,994 individuals). Emerald shiner
was the most abundant species (collected at the rate of 56 per 300 meter electrofishing transect),
accounting for 36 percent of the total number of fish collected. Gizzard shad comprised 16 percent of the
sample, followed closely by bluegill at 14 percent. Electrofishing results showed approximately twice as
many individuals in the inflow (2,624) and transition (2,300) zones as the forebay (1,229), due to numbers
of gizzard shad and bluegill in the sample. Numbers of YOY threadfin shad followed a similar pattern with
high catch rates in the forebay (CPUE=8 10 per 300m transect) and transition (CPUE=1,707 per 300m
transect) and very high catch rates in the inflow zone (CPUE=3,559 per 300m transect). Gill netting fish
abundance was higher in the transition (454) than the forebay (229); although abundance at the inflow zone
(1,58) was lower because of reduced effort, catch rate was similar to the transition zone.

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish community (based on results of
electrofishing samples) fair in the forebay (RFAI=32), good in the transition (RFAI=46), and excellent in
the inflow (RFAI=52) zones of Chickamauga Reservoir. The inflow index of 52 was the highest score
observed for run-of-the-river reservoir inflows and received maximum scores for all metrics except number
of sucker and tolerant species, dominance by a single specie, and percent anomalies. In 1992 the inflow
rated only fair (RFAI=34).

The gill netting RFAI rated the transition zone excellent (RFAI=52) and the forebay fair
(RFAI=36). The excellent score of 52 in the transition zone was the second highest ever observed for run-
of-the-river reservoirs and resulted from maximum scores for all metrics except number of sucker,
intolerant, and lithophilic spawning species, and percent insectivores. Gill netting RFAI values were not
calculated for inflow zones of run-of-the-river reservoirs due to low numbers of replicate samples.

The combined electrofishing and gill netting RFAI score for the transition (RFAI=49) and forebay
(RFAI=34) were rated good and fair, respectively. The electrofishing RFAI for the inflow (RFAI=52) zone
received an excellent rating, which was one of the highest scores for all inflows sampled in 1993.

Combined fish samples in shoreline electrofishing (15 transects) and offshore gill netting (12 net-
nights) produced a total of 2263 individuals including 31 species in the Hiwassee River embayment of
Chickamauga Reservoir. The three most abundant species were redear sunfish (29 percent), gizzard shad
(19 percent), and bluegill (16 percent). There were six times as many fish collected by electrofishing as gill
netting, largely attributed to high numbers of sunfishes inhabiting shoreline areas.

The electrofishing RFAI score of 36 rated the embayment community as fair and gill netting results
indicated good (RFAI=50) fish community conditions. Combining RFAI scores (RFAI=43) rated the Hiwassee
River embayment good (scoring criteria for run-of-the-river transition was used to obtain RFAI ratings). Metrics
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for both electrofishing and gill netting that influenced the high scoring included low percent dominance by a single
species, low percent omnivores, and high numbers of lithophilic spawning species.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-No bacteriological studies were conducted at recreation sites in
Chickamauga Reservoir in 1993. Fecal coliform bacteria concentrations at the monthly Vital Signs
locations, the forebay, transition zone, and Hiwassee River Embayment, were all 10/100 ml or less except
for one sample. The April sample in the Hiwassee River Embayment had a concentration of 300/100 ml.

Fish Tissue-There are no fish tissue consumption advisories in effect for Chickamauga
Reservoir. Samples for screening studies were conducted in autumn 1991 and 1992. Fillets from five
channel catfish were collected from the inflow, transition zone, and forebay, composited by site, and
examined for a broad array of analyses (selected metals, pesticides, and PCBs on the EPA priority
pollutant list). Results from samples collected from all locations in 1991 had low or nondetectable levels of
metals and pesticides. PCB concentrations were 0.4, 0.7, and 1.2 ptg/g at the forebay, transition zone, and
inflow, respectively. This general trend had been documented in several previous studies but not always as
pronounced as in the 1991 results. Such was the case for 1992 results - PCB concentrations were 0.6, 0.7,
and 0.7 jig/g at the forebay, transition zone, and forebay, respectively. All other analytes were not detected
or found in low concentrations in the 1992 fish samples.

68

for both electrofishing and gill netting that influenced the high scoring included low percent dominance by a single 
species, low percent omnivores, and high nwnbers oflithophilic spawning species. 

Summary of 1993 Conditions - Use Suitability 

Fecal Coliform Bacteria-No bacteriological studies were conducted at recreation sites in 
Chickamauga Reservoir in 1993. Fecal coliform bacteria concentrations at the monthly Vital Signs 
locations, the forebay, transition zone, and Hiwassee River Embayment, were all 10/100 mI or less except 
for one sample. The April sample in the Hiwassee River Embayment had a concentration of 3001100 mI. 

Fish Tissue-There are no fish tissue consumption advisories in effect for Chickamauga 
Reservoir. Samples for screening studies were conducted in autumn 1991 and 1992. Fillets from five 
channel catfish were collected from the inflow, transition zone, and forebay, composited by site, and 
examined for a broad array of analyses (selected metals, pesticides, and PCBs on the EPA priority 
pollutant list). Results from samples collected from all locations in 1991 had low or nondetectable levels of 
metals and pesticides. PCB concentrations were 0.4,0.7, and 1.2 ,...g/g at the forebay, transition zone, and 
inflow, respectively. This general trend had been documented in several previous studies but not always as 
pronounced as in the 1991 results. Such was the case for 1992 results - PCB concentrations were 0.6, 0.7, 
and 0.7 ,...g/g at the forebay, transition zone, and forebay, respectively. All other analytes were not detected 
or found in low concentrations in the 1992 fish samples. 

68 



HIWASSEE RIVER WATERSHED

69

HIWASSEE RIVER WATERSHED 

69 



7070 



Hiwassee Reservoir

Summary of 1993 Conditions - Ecological Health

Water-The average flow through Hiwassee Reservoir was about 107 percent of normal and the
average residence time was about 99 days. The reservoir was strongly stratified with a maximum
temperature difference in the water column at the forebay of 20.9°C in July. The maximum surface
temperature was 28.7°C in July, both at the forebay and mid-reservoir. North Carolina's standard for
maximum temperature of Class C waters is 29°C. Low DO water (DO <5.0 mg/I) first appeared at mid-
reservoir in June and at the forebay in July at the bottom of the water column at both locations. Depleted
DO water (DO < 2.0 mg/i) occurred at both locations at the bottom of the water column in August and
September. The limited area of DO depletion provided ratings for the reservoir ecological health index of
fair at the forebay and good at mid-reservoir.

Conductivities averaged about 30 pamhos/cm in April, increased slightly in the DO-depleted area to
a maximum of 40 and 38 [.unhos/cm at the forebay and mid-reservoir, respectively. The average
conductivity in Hiwassee Reservoir was the fourth lowest of the 19 tributary reservoirs. Only in June, July,
and August did pH reach or exceed 8.4, and only in the four to eight meter depth. Summer DO
concentrations were normally higher at these depths.

The organic nitrogen concentration, in April and August respectively, was 0.12 and 0.26 mg/1 at
the forebay, and 0.14 and 0.09 mg/1 at mid-reservoir. The April nitrate-nitrogen concentration was 0.12
and 0.10 mg/I at the forebay and mid-reservoir, respectively. The August concentrations were <0.01 mg/ at
both locations. Total phosphorus concentrations were 0.007 mg/I in April and 0.002 mg/l in August at both
locations. Dissolved ortho phosphorus concentration was 0.01 mg/l in April at mid-reservoir, and otherwise
<0.002 mg/l.

These low concentrations of nutrients resulted in low concentrations of total organic carbon and
chlorophyll and high water clarity. Total organic carbon concentrations were 0.9 mg/I in April and
approximately double that in August at both locations. Chlorophyll a concentrations averaged 2.2 lag/l at
the forebay (third lowest of 19 tributary reservoir forebays) and 3.7 lag/l at mid-reservoir. The chlorophyll
concentrations rated fair at the forebay and good (near the low end of the range) at mid-reservoir for the
reservoir ecological health index. Hiwassee Reservoir water clarity was the third highest of the tributary
reservoir forebays, and the highest of all tributary mid-reservoir stations. Secchi depths varied from 2.4 m
at both locations in April, to 5.1 m at mid-reservoir and 5.6 m at the forebay in July.

Sediment Quality-Chemical analyses of sediments in Hiwassee Reservoir in 1993 indicated the
presence of chlordane in the forebay (15 pag/g) and mid-reservoir (16 pg/g). Toxicity tests detected acute
toxicity to daphnids in both forebay (15 percent survival) and mid-reservoir (10 percent survival) samples.
Toxicity to rotifers was also detected in the mid-reservoir (65 percent survival). Particle size analysis
showed sediments in the forebay were 99 percent silt and clay, and in the mid-reservoir were 90 percent silt
and clay.

Sediment quality ratings used in the overall Hiwassee Reservoir ecological health evaluation for
1993 were poor at the forebay (due to toxicity to daphnids and presence of chlordane) and poor at the mid-
reservoir site (due to toxicity to daphnids and rotifers and presence of chlordane).
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Hiwassee Reservoir 

Summary of 1993 Conditions - Ecological Health 

Water-The average flow through Hiwassee Reservoir was about 107 percent of normal and the 

average residence time was about 99 days. The reservoir was strongly stratified with a maximum 

temperature difference in the water column at the forebay of 20.9°C in July. The maximum surface 

temperature was 28.7°C in July, both at the forebay and mid-reservoir. North Carolina's standard for 

maximum temperature of Class C waters is 29°C. Low DO water (DO <5.0 mgll) first appeared at mid
reservoir in June and at the forebay in July at the bottom of the water column at both locations. Depleted 

DO water (DO < 2.0 mgll) occurred at both locations at the bottom of the water column in August and 

September. The limited area of DO depletion provided ratings for the reservoir ecological health index of 

fair at the (orebay and good at mid-reservoir. 

Conductivities averaged about 30 J.U11hos/cm in April, increased slightly in the DO-depleted area to 

a maximum of 40 and 38 ~os/cm at the forebay and mid-reservoir, respectively. The average 

conductivity in Hiwassee Reservoir was the fourth lowest of the 19 tributary reservoirs. Only in June, July, 

and August did pH reach or exceed 8.4, and only in the four to eight meter depth. Summer DO 

concentrations were normally higher at these depths. 

The organic nitrogen concentration, in April and August respectively, was 0.12 and 0.26 mgll at 

the forebay, and 0.14 and 0.09 mgll at mid-reservoir. The April nitrate-nitrogen concentration was 0.12 

and 0.10 mgll at the forebay and mid-reservoir, respectively. The August concentrations were <0.01 mg! at 

both locations. Total phosphorus concentrations were 0.007 mgll in April and 0.002 mgll in August at both 

locations. Dissolved ortho phosphorus concentration was 0.01 mgll in April at mid-reservoir, and otherwise 

<0.002 mgll. 

These low concentrations of nutrients resulted in low concentrations of total organic carbon and 

chlorophyll and high water clarity. Total organic carbon concentrations were 0.9 mgll in April and 

approximately double that in August at both locations. Chlorophyll a concentrations averaged 2.2 ~gIl at 

the forebay (third lowest of 19 tributary reservoir forebays) and 3.7 ~gIl at mid-reservoir. The chlorophyll 

concentrations rated fair at the forebay and good (near the low end of the range) at mid-reservoir for the 

reservoir ecological health index. Hiwassee Reservoir water clarity was the third highest of the tributary 

reservoir forebays, and the highest of all tributary mid-reservoir stations. Secchi depths varied from 2.4 m 

at both locations in April, to 5.1 m at mid-reservoir and 5.6 m at the forebay in July. 

Sediment Quality-Chemical analyses of sediments in Hiwassee Reservoir in 1993 indicated the 

presence of chlordane in the forebay (15 ~g!g) and mid-reservoir (16 ~g!g). Toxicity tests detected acute 

toxicity to daphnids in both forebay (15 percent survival) and mid-reservoir (10 percent survival) samples. 

Toxicity to rotifers was also detected in the mid-reservoir (65 percent survival). Particle size analysis 

showed sediments in the forebay were 99 percent silt and clay, and in the mid-reservoir were 90 percent silt 

and clay. 

Sediment quality ratings used in the overall Hiwassee Reservoir ecological health evaluation for 

1993 were poor at the forebay (due to toxicity to daphnids and presence of chlordane) and poor at the mid

reservoir site (due to toxicity to daphnids and rotifers and presence of chlordane). 
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Benthic Macroinvertebrates-Until 1993, no TVA data on the benthic macroinvertebrate
community in Hiwassee Reservoir existed. Sampling revealed that the forebay and mid-reservoir sites had
poor benthic communities, and the inflow had a fair benthic community. The forebay site had 5 taxa and
127 organisms/m 2 and was dominated by Tubificidae (86 percent). The mid-reservoir site had 11 taxa and
2,111 organisms/m2 with Tubificidae as the dominant taxon comprising 86 percent of the total. The
Hiwassee inflow had the greatest number of taxa (16) and had 1,605 organisms/m2. Tubificidae
(61 percent) was the dominant taxon followed by Procladius sp (21 percent).

The Hiwassee forebay and mid-reservoir benthic samples rated poor due to low diversity, an
absence of EPT and long-lived taxa, and an abundance of tubificids. The inflow fared better than the
previous sites, but still rated only fair.

Fish Assemblage-Shoreline electrofishing (45 transects) and offshore gill netting (36 net-nights)
from the three zones of Hiwassee Reservoir resulted in the collection of 2,958 fish including 27 species.
When green sunfish (39 percent of total catch) were disregarded, the dominant taxa by number in the
remaining sample were bluegill (43 percent), gizzard shad (9 percent), smallmouth bass (8 percent), white
bass (7 percent), and black crappie (6 percent). Electrofishing results indicated total numbers of fish were
approximately the same in the forebay (952) and transition (931) zones with considerably lower numbers in
the inflow (326) zone.

The Reservoir Fish Assemblage Index (RFAI) showed thelittoral fish community (based on results
of electrofishing samples) to be poor in'all three sample zones of Hiwassee Reservoir (forebay RFAI=28,
transition RFAI=26, and inflow RFAI=28). Gill netting RFAI results rated all three zones good (forebay
RFAI=50, transition RFAI=46, and inflow RFAI=42).

The trophic composition metric group showed maximum scores for both gear types; all other
metric group scores generally reflected the total RFAI score. Combined electrofishing and gill netting RFAI
scores for the forebay (RFAI=39), transition (RFAI=36) and inflow (RFAI=35)zones were rated fair.

Summary of 1993 Conditions - Use Suitability

There were no bacteriological studies conducted on Hiwassee Reservoir in 1993. Although fish
tissue samples were collected in autumn 1993, results were not available at the time this report was
prepared.
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Summary of 1993 Conditions - Use Suitability 

There were no bacteriological studies conducted on Hiwassee Reservoir in 1993. Although fish 
tissue samples were collected in autumn 1993, results were not available at the time this report was 
prepared. 

72 



Chatuge Reservoir

Summary of 1993 Conditions - Ecological Health

Water-The average flow through Chatuge Reservoir in 1993 was about 88 percent of normal.
The average residence time was 291 days. The reservoir was strongly stratified, with a maximum
temperature difference of 19. I*C in the water column at the forebay in July. The maximum surface
temperature was 29.0°C at the forebay and 28.6 0C in Shooting Creek Embayment, both measurements in
July. North Carolina's standard for maximum temperature of Class °C waters is 291C. At both locations,
low DO (<5.0 mg/I) conditions began developing at the bottom of the water column in July, and depleted
DO (<2.0 mg/I) conditions occurred from August through October. Depleted DO conditions also occurred
in the metalimnion at the forebay in September. The limited extent of the area of DO depletion gave the
forebay a good rating and Shooting Creek Embayment a fair rating in the reservoir ecological health index.

Conductivities were the fourth lowest of the 19 tributary reservoirs, averaging about 25 pnmhos/cm
in April. Conductivities decreased slightly in the photic zone (supersaturated with DO) in the summer and
increased to a maximum of 45 Wimhos/cm at the bottom of the water column at the forebay in September.
The only time pH exceeded 8.0 was in June and July from the four to eight meter depth. The minimum pH
was 5.8 at the forebay and 5.9 in Shooting Creek Embayment, both in September.

Organic nitrogen concentrations increased from April to August at both locations, 0.04 and
0.23 mg/l at the forebay and 0.09 and 0.30 mg/l in Shooting Creek Embayment. Nitrate concentrations
dropped from 0.09 to <0.01 mg/l at bothlocations. Total phosphorus concentrations at the two sites tied
for the third lowest concentrations of the 33 tributary reservoir stations. The maximum concentration was
0.004 mg/l in Shooting Creek Embayment in April. Consequently, TN/TP ratios were very high, ranging
from 47 at the forebay in April to 160 in Shooting Creek Embayment in August. Total organic carbon
concentrations were low, 0.8 and 0.7 mg/l in April, and 1.5 and 1.8 mg/l in August at the forebay and
Shooting Creek Embayment, respectively. Chlorophyll a concentrations averaged 2.8 pg/I at both locations.
This concentration is in the range considered fair in the reservoir ecological health index. Chatuge had the
fourth clearest water of the tributary reservoirs. Seechi depths varied from 2.4 m in August to 4.6 m in July
in Shooting Creek Embayment, and from 3.1 m in April and August to 4.4 m in July at the forebay.

Sediment Quality-Chemical analyses of sediments in 1993 indicated high levels of chromium
(89 mg/kg), copper (56 mg/kg) and nickel (48 mg/kg) in the Shooting Creek forebay area of Chatuge
Reservoir. Toxicity tests detected acute toxicity to daphnids (55 percent survival) in the Hiwassee River
forebay. Toxicity to daphnids (50 percent survival) was also detected in the water column in this forebay.
Reduced survival of daphnids was also detected (60 percent survival) in the Shooting Creek forebay water
column. Particle size analysis showed sediments in the forebay were about 75 percent silt and clay,
25 percent sand. In the Shooting Creek forebay sediments were 99 percent silt and clay.

Sediment quality ratings used in the overall Chatuge Reservoir ecological health evaluation for
1993 were fair at the Hiwassee River forebay sampling site (toxicity to daphnids in both water and
sediment); and also fair at the Shooting Creek forebay sampling site (presence of chromium, copper, and
nickel and reduced survival of daphnids).
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Summary of 1993 Conditions - Ecological Health 

Water-The average flow through Chatuge Reservoir in 1993 was about 88 percent ofnonnal. 

The average residence time was 291 days. The reservoir was strongly stratified, with a maximum 

temperature difference of 19.1 °C in the water column at the forebay in July. The maximum surface 

temperature was 29.0°C at the forebay and 28.6°C in Shooting Creek Embayment, both measurements in 

July. North Carolina's standard for maximum temperature of Class °C waters is 29°C. At both locations, 

low DO «5.0 mg/l) conditions began developing at the bottom of the water column in July, and depleted 

DO «2.0 mg/l) conditions occurred from August through October. Depleted DO conditions also occurred 

in the metalimnion at the forebay in September. The limited extent of the area of DO depletion gave the 

forebay a good rating and Shooting Creek Embayment a fair rating in the reservoir ecological health index. 

Conductivities were the fourth lowest of the 19 tributary reservoirs, averaging about 25 ~os/cm 
in April. Conductivities decreased slightly in the photic zone (supersaturated with DO) in the summer and 

increased to a maximum of 45 ~os/cm at the bottom of the water column at the forebay in September. 

The only time pH exceeded 8.0 was in June and July from the four to eight meter depth. The minimum pH 

was 5.8 at the forebay and 5.9 in Shooting Creek Embayment, both in September. 

Organic nitrogen concentrations increased from April to August at both locations, 0.04 and 

0.23 mg/l at the forebay and 0.09 and 0.30 mgll in Shooting Creek Embayment. Nitrate concentrations 

dropped from 0.09 to <0.01 mg/l at both locations. Total phosphorus concentrations at the two sites tied 

for the third lowest concentrations of the 33 tributary reservoir stations. The maximum concentration was 

0.004 mg/l in Shooting Creek Embayment in April. Consequently, TNITP ratios were very high, ranging 

from 47 at the forebay in April to 160 in Shooting Creek Embayment in August. Total organic carbon 

concentrations were low, 0.8 and 0.7 mgll in April, and l.5 and l.8 mgll in August at the forebay and 

Shooting Creek Embayment, respectively. Chlorophyll a concentrations averaged 2.8 j.1g/l at both locations. 

This concentration is in the range considered fair in the reservoir ecological health index. Chatuge had the 

fourth clearest water of the tributary reservoirs. Secchi depths varied from 2.4 m in August to 4.6 m in July 

in Shooting Creek Embayment, and from 3.1 m in April and August to 4.4 m in July at the forebay. 

Sediment Quality-Chemical analyses of sediments in 1993 indicated high levels of chromium 

(89 mglkg), copper (56 mglkg) and nickel (48 mglkg) in the Shooting Creek forebay area of Chatuge 

Reservoir. Toxicity tests detected acute toxicity to daphnids (55 percent survival) in the Hiwassee River 

forebay. Toxicity to daphnids (50 percent survival) was also detected in the water column in this forebay. 

Reduced survival of daphnids was also detected (60 percent survival) in the Shooting Creek forebay water 

column. Particle size analysis showed sediments in the forebay were about 75 percent silt and clay, 

25 percent sand. In the Shooting Creek forebay sediments were 99 percent silt and clay. 

Sediment quality ratings used in the overall Chatuge Reservoir ecological health evaluation for 

1993 were fair at the Hiwassee River forebay sampling site (toxicity to daphnids in both water and 

sediment); and also fair at the Shooting Creek forebay sampling site (presence of chromium, copper, and 

nickel and reduced survival of daphnids). 
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Benthic Macroinvertebrates-The first year that the benthic macroinvertebrate community was
evaluated on Chatuge Reservoir was 1993. Two forebay sites were chosen on ChatuIe, and both had good
benthic communities. The first forebay site, at HiRM 122.0, had 1,431 organisms/rn representing 22 taxa;
Tubificidae was the dominant taxon comprising 52 percent of the total. The other site, at Shooting Creek
mile 1.5, had 23 taxa and 1,065 organisms/m 2 with Tubificidae (37 percent) and the chironomid Zalutschia
zalutschicola (19 percent) as the dominant taxon.

Both forebay sites had excellent diversity and excellent EPT representations, and an average
amount of long-lived organisms in the community. The Shooting Creek site suffered slightly from an above
average density of tubificids, and the HiRM 122 site was slightly impacted from an above average density
of chironomids.

Fish Assemblage-Electrofishing samples (30 transects) in shoreline areas and experimental gill
netting samples (24 net-nights) offshore collected 1,999 individuals with 20 species represented. Bluegill
was the most abundant taxon in Chatuge Reservoir (47 percent of total fish sampled). Redbreast sunfish
(19 percent), spotted bass (7 percent), white bass (5 percent), and gizzard shad (5 percent) followed in
order of density. Note: Three percent of the total sample was comprised of snail bullheads which is the
first documentation of this species in a TVA reservoir. Electrofishing catch rates were much higher in the

forebay zone (78 per 300m transect) than the Shooting Creek arm (32 per 300m transect). However, gill
netting catch rates were similar between the two stations.

The Reservoir Fish Assemblage Index (RFAI) rated both the forebay and Shooting Creek sites fair
for electrofishing (Forebay RFAI=36 and Shooting Creek RFAI=32) and gill netting (forebay RFAI=34
and Shooting Creek RFAI=32) samples. The only metric grouping with consistently high scores was
trophic composition (percent omnivores and insectivores) in the electrofishing sample. Combined
electrofishing and gill netting RFAr's rated both areas fair.

Summary of 1993 Conditions - Use Suitability

There were no bacteriological studies conducted on Chatuge Reservoir in 1993. Although fish

tissue samples were collected in autumn 1993, results were not available at the time this report was
prepared.
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Nottely Reservoir

Summary of 1993 Conditions - Ecological Health

Water-The average flow through Nottely Reservoir in 1993 was about 90 percent of normal, with
an average residence time of 228 days. The reservoir was stratified from April through September, with a
maximum temperature difference in the water column at the forebay of 18.9°C in July. The maximum
surface temperature was 29.31C at both the forebay and mid-reservoir in July. Georgia's standard for
maximum temperature for protection of aquatic life is 30°C. In June, low DO (<5.0 mg/I) conditions began
developing in the forebay bottom waters, while depleted DO (<2.0 mg/1) conditions had already developed
at mid-reservoir. An area of depleted DO developed at the forebay in July, and remained at both locations
through September. The extensive areas of depleted DO gave both locations poor ratings for DO in the
reservoir ecological health index. The vertical mixing of the reservoir in October eliminated areas of low
DO. The area of DO depletion extended to within 7 meters of the surface in July at mid-reservoir.

Conductivities were the fifth lowest of the 19 tributary reservoirs, with an average of about
30 pnmhos/cm in April, decreased slightly in the supersaturated (DO) photic zone in the summer and
increased to a maximum of 49 and 79 pmhos/cm in September at the bottom of the water column at the
forebay and mid-reservoir, respectively. The only time pH exceeded 8.0 was in June and July. The highest
values at the forebay were from the 4 to 7 m depth, and from the 3 to 5 m depth at mid-reservoir. The
maximum pH was 8.8 at both locations. The minimum pH was 5.9 in the depths at both locations from
July to September.

Organic nitrogen concentrations were 0.14 mg/I in April at both locations, and 0,17 and 0.13 mg/I
in August at the forebay and mid-reservoir, respectively. Nitrate-nitrogen concentrations were 0.12 and
0.15 mg/l in April at the forebay and midreservoir, respectively, dropping in <0.01 mg/i in August at both
locations. Total phosphorus concentrations at both locations were 0.02 mg/l in April, dropping to 0.005
and 0.008 mg/l in August at the forebay mid-reservoir, respectively. Dissolved ortho phosphorus ranged
from a maximum concentration of 0.004 mg/l in April at mid-reservoir to a minimum of 0.002 mg/i at both
locations in August. Total organic carbon concentrations varied from a low of 1.2 mg/l in April to a
maximum of 2.2 mg/l in August, both at mid-reservoir. Chlorophyll a concentrations averaged 3.4 lLg/l at
the forebay and 5.0 gg/l at mid-reservoir. These concentrations are in the range considered good in the
reservoir ecological health index. Secchi depths varied from 1.4 m in April at both locations, to 4.2 and
2.4 m in June at the forebay and mid-reservoir, respectively.

Sediment Quality--Chemical analyses of sediments in Nottely Reservoir in 1993 did not reveal
any metal or organic analytes to be of concern. Toxicity tests detected acute toxicity to daphnids (70
percent survival) and rotifers (60 percent survival) in the forebay. Particle size analysis showed sediments
in the forebay were 89 percent silt and clay, 11 percent sand; and in the mid-reservoir were about 100
percent silt and clay.

Sediment quality ratings used in the overall Nottely Reservoir ecological health evaluation for 1993
were fair at the forebay sampling site (toxicity to daphnids and rotifers); and excellent at the mid-reservoir
sampling site.
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Sediment quality ratings used in the overall Nottely Reservoir ecological health evaluation for 1993 
were fair at the forebay sampling site (toxicity to daphnids and rotifers); and excellent at the mid-reservoir 
sampling site. 
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Benthic Macroinvertebrates-The first year that the benthic macroinvertebrate community was
evaluated on Nottely Reservoir was 1993. The forebay site, which had a poor benthic community, had 11

2taxa, 452 organisms/m , and was dominated by Tubificidae (50 percent) and Chironomus sp (29 percent).
The inflow site had a good benthic community. There were more taxa (20) and a greater density (933

organisms/m2) than at the forebay site. Tubificidae (34 percent), Chironomus sp (26 percent), and
Procladius sp (23 percent) dominated the benthic community.

A deficiency of EPT taxa and long-lived organisms were the two primary contributing factors for
the poor benthic community at the forebay. Elevated numbers of chironomids and tubificids also
contributed to the poor rating. At the inflow, an opposite scenario surfaced: EPT and long-lived taxa had
an excellent representation, and the tubificid metric was excellent, therefore contributing to a good benthic
community structure.

Fish Assemblage-Only the forebay of Nottely Reservoir was sampled in fall 1992. However, in
1993 a transition zone sample was added to better assess the quality of the fish community. Shoreline
electrofishing (30 transects) in the littoral zone and experimental gill netting (24 net-nights) in the
offshore/deeper areas collected 2,275 individuals with 20 species represented. The four most abundant
species represented in the samples were bluegill (63 percent), black crappie (6 percent), green sunfish
(5 percent), and carp (5 percent). Electrofishing results indicated the primary forage available in Nottely
consisted of sunfish species (69 percent of total catch) instead of shad, as is usually the case.

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish community (based on results of
electrofishing samples) fair in the transition zone (RFAI=36) and poor in the forebay (RFAI=30) of Nottely
Reservoir. Generally low metric scores in both zones were directly related to low species diversity. Both
areas (transition RFAI=32, and forebay RFAI=34) of Nottely were rated fair by gill netting RFAI analysis.
When electrofishing and gill netting RFAI scores are combined both forebay (RFAI=32) and transition
(RFAI=34) zones rated fair.

Summary of 1993 Conditions - Use Suitability

There were no bacteriological studies conducted on Nottely Reservoir in 1993. Although fish tissue
samples were collected in autumn 1993, results were not available at the time this report was prepared.
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Benthic Macroinvertebrates-The first'year that the benthic macroinvertebrate community was 

evaluated on Nottely Reservoir was 1993. The forebay site, which had a poor benthic community, had 11 

taxa, 452 organisms/m2, and was dominated by Tubificidae (50 percent) and Chironomus sp (29 percent). 

The inflow site had a good benthic community. There were more taxa (20) and a greater density (933 

organisms/m2) than at the forebay site. Tubificidae (34 percent), Chironomus sp (26 percent), and 

Procladius sp (23 percent) dominated the benthic community. 

A deficiency of EPT taxa and long-lived organisms were the two primary contributing factors for 

the poor benthic community at the forebay. Elevated numbers of chironomids and tubificids also 

contributed to the poor rating. At the inflow, an opposite scenario surfaced: EPT and long-lived taxa had 

an excellent representation, and the tubificid metric was excellent, therefore contributing to a good benthic 

community structure. 

Fish Assemblage-Only the forebay ofNottely Reservoir was sampled in fall 1992. However, in 

1993 a transition zone sample was added to better assess the quality of the fish community. Shoreline 

electrofishing (30 transects) in the littoral zone and experimental gill netting (24 net-nights) in the 

offshore/deeper areas collected 2,275 individuals with 20 species represented. The four most abundant 

species represented in the samples were bluegill (63 percent), black crappie (6 percent), green sunfish 

(5 percent), and carp (5 percent). Electrofishing results indicated the primary forage available in Nottely 

consisted of sunfish species (69 percent of total catch) instead of shad, as is usually the case. 

The Reservoir Fish Assemblage Index (RF AI) rated the littoral fish community (based on results of 

electrofishing samples) fair in the transition zone (RFAI=36) and poor in the forebay (RFAI=30) ofNottely 

Reservoir. Generally low metric scores in both zones were directly related to low species diversity. Both 

areas (transition RFAI=32, and forebay RFAI=34) ofNottely were rated fair by gill netting RFAI analysis. 

When electrofishing and gill-netting RFAI scores are combined both forebay (RFAI=32) and transition 

(RFAI=34) zones rated fair. 

Summary of 1993 Conditions - Use Suitability 

There were no bacteriological studies conducted on Nottely Reservoir in 1993. Although fish tissue 

samples were collected in autumn 1993, results were not available at the time this report was prepared. 
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Blue Ridge Reservoir

Summary of 1993 Conditions - Ecological Health

Water-The flow through Blue Ridge Reservoir in 1993 was about normal, with an average
residence time of about 156 days. The reservoir was thermally stratified from April through September;
there was no sampling in October. The maximum temperature difference in the water column was 17.7°C,
and the maximum surface temperature was 29.8°C, both in July. Georgia's standard for maximum
temperature for protection of aquatic life is 30TC. Low DO (<5.0 mg/l) conditions developed in August; the
lowest DO measured was 3.4 mg/l in September. The absence of an area of depleted DO gave Blue Ridge a
good rating for DO in the reservoir ecological health index.

Conductivities averaged about 20 pimhos/cm, the lowest of the 19 tributary reservoirs, and showed
little stratification. The maximum pH was 8.8 at the 7 m depth in July. The minimum pH was 5.6 at the
20 m depth in September.

Organic nitrogen concentrations were 0.04 and 0.08 mg/1 in April and August, respectively.
Nitrate-nitrogen concentrations decreased from 0.06 to <0.01 mg/l from April to August. Total and
dissolved ortho phosphorus concentrations were 0.003 for both in April, and 0.004 and <0.002 in August.
Total organic carbon concentrations went from 0.7 mg/l in April to 1.5 mg/l in August, tied for the second
lowest concentrations in the tributary reservoirs. Chlorophyll a concentrations were the second lowest of
the 33 tributary reservoir stations, averaging 1.8 ýtg/l. This concentration is in the fair range in the reservoir
ecological health index. Water clarity was the second highest of the tributary reservoir forebays, with
Secchi depths varying from 3.4 meters in April to 5.4 meters in June.

Sediment Quality-Chemical analyses of sediments in Blue Ridge Reservoir in 1993 did not reveal
any metals or organic analytes to be a concern. Toxicity tests detected acute toxicity to daphnids
(20 percent survival) in the forebay. Particle size analysis showed sediments in the forebay were 95 percent
silt and clay.

Because of the toxicity of the forebay sediment to daphnids, a fair sediment quality rating was used
in the overall 1993 Blue Ridge Reservoir ecological health evaluation.

Benthic Macroinvertebrates-The first year that the benthic macroinvertebrate community was
evaluated on Blue Ridge Reservoir was 1993. The forebay, the only sample location, had an excellent

benthic fauna, with 1,308 organisms/m2 representing 23 taxa. The dominant taxa were Pisidium sp
(33 percent), Procladius sp (21 percent), Spirosperma nikolskyi (18 percent), and Tubificidae (17 percent).
This site received good scores for five of the six metrics: diversity, number of EPT taxa, number of
chironomids, number of tubificids, and evenness of dominant species. Depressed numbers of long-lived
taxa was the only metric that rated fair.

Fish Assemblage-Only the forebay of Blue Ridge Reservoir was sampled in fall 1993.
Electrofishing samples (15 transects) in shoreline areas and experimental gill netting samples (12 net-
nights) offshore collected 856 individuals with 15 species represented. By far the predominant species
captured was bluegill (59 percent) followed distantly by white bass (10 percent), smallmouth bass
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Blue Ridge Reservoir 

Summary of 1993 Conditions - Ecological Health 

Water-The flow through Blue Ridge Reservoir in 1993 was about normal, with an average 

residence time of about 156 days. The reservoir was thermally stratified from April through September; 

there was no sampling in October. The maximum temperature difference in the water column was 17. 7°C, 

and the maximum surface temperature was 29.8°C, both in July. Georgia's standard for maximum 

temperature for protection of aquatic life is 30°C. Low DO «5.0 mgll) conditions developed in August; the 
lowest DO measured was 3.4 mgll in September. The absence of an area of depleted DO gave Blue Ridge a 

good rating for DO in the reservoir ecological health index. 

Conductivities averaged about 20 ~os/cm, the lowest of the 19 tributary reservoirs, and showed 

little stratification. The maximum pH was 8.8 at the 7 m depth in July. The minimum pH was 5.6 at the 

20 m depth in September. 

Organic nitrogen concentrations were 0.04 and 0.08 mgll in April and August, respectively. 

Nitrate-nitrogen concentrations decreased from 0.06 to <0.01 mgll from April to August. Total and 

dissolved ortho phosphorus concentrations were 0.003 for both in April, and 0.004 and <0.002 in August. 

Total organic carbon concentrations went from 0.7 mgll in April to 1.5 mgll in August, tied for the second 

lowest concentrations in the tributary reservoirs. Chlorophyll a concentrations were the second lowest of 

the 33 tributary reservoir stations, averaging 1.8 /-lg/l. This concentration is in the fair range in the reservoir 

ecological health index. Water clarity was the second highest of the tributary reservoir forebays, with 

Secchi depths varying from 3.4 meters in April to 5.4 meters in June. 

Sediment Quality-Chemical analyses of sediments in Blue Ridge Reservoir in 1993 did not reveal 

any metals or organic analytes to be a concern. Toxicity tests detected acute toxicity to daphnids 
(20 percent survival) in the forebay. Particle size analysis showed sediments in the forebay were 95 percent 

silt and clay. 

Because of the toxicity of the forebay sediment to dapbnids, a fair sediment quality rating was used 

in the overall 1993 Blue Ridge Reservoir ecological health evaluation. 

BenthiC Macroinvertebrates-The first year that the benthic macroinvertebrate community was 

evaluated on Blue Ridge Reservoir was 1993. The forebay, the only sample location, had an excellent 

benthic fauna, with 1,308 organisms/m2 representing 23 taxa. The dominant taxa were Pisidium sp 

(33 percent), Procladius sp (21 percent), Spirosperma nikolskyi (18 percent), and Tubificidae (17 percent). 

This site received good scores for five of the six metrics: diversity, number ofEPT taxa, number of 

chironomids, number of tubificids, and evenness of dominant species. Depressed numbers of long-lived 

taxa was the only metric that rated fair. 

Fish Assemblage-Only the forebay of Blue Ridge Reservoir was sampled in fall 1993. 

Electrofishing samples (15 transects) in shoreline areas and experimental gill netting samples (12 net

nights) offshore collected 856 individuals with 15 species represented. By far the predominant species 

captured was bluegill (59 percent) followed distantly by white bass (10 percent), smallmouth bass 
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(8 percent), and redbreast sunfish (5 percent). There were three times as many fish collected by

electrofishing as gill netting, largely attributed to high numbers of bluegill inhabiting shoreline areas.
The electrofishing RFAI score of 28 rated poor and gill netting results indicated fair (RFAI=34)

fish community conditions. The combined RFAI scores (RFAI=3 1) rated the Blue Ridge forebay fair.
Scoring for both electrofishing and gill netting RFAI metrics was influenced by low diversity, low catch,
and dominance by a single species (bluegill).

Summary of 1993 Conditions - Use Suitability

There were no bacteriological studies conducted on Blue Ridge Reservoir in 1993. Although fish
tissue samples were collected in autumn 1993, results were not available at the time this report was
prepared.
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(8 percent), and redbreast sunfish (5 percent). There were three times as many fish collected by 
electrofishing as gill netting, largely attributed to high numbers of bluegill inhabiting shoreline areas. 

Theelectrofishing RF AI score of 28 rated poor and gill netting results indicated fair (RF AI=34) 
fish commUnity conditions. The combined RFAI scores (RFAI=31) rated the Blue Ridge forebay fair. 
Scoring for both electrofishing and gill netting RF AI metrics was influenced by low diversity, low catch, 
and dominance by a single species (bluegill). 

Summary of 1993 Conditions - Use Suitability 

There were no bacteriological studies conducted on Blue Ridge Reservoir in 1993. Although fish 
tissue samples were collected in autumn 1993, results were not available at the time this report was 
prepared. 
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Ocoee Reservoir No. I (Parksville Reservoir)

Summary of 1993 Conditions - Ecological Health

Water-The average flow in 1993 was about 91 percent of normal. The high elevation outlet at the
dam allows the hypolimnetic water to remain in place all spring and summer. In October, the bottom
temperature was 7.7°C. The very cold bottom temperatures mean that the reservoir was strongly stratified;
there was a temperature difference in the water column of 21.4'C in July. The maximum surface
temperature was 28.7°C in July. Tennessee's maximum temperature criterion for aquatic life is 30.5*C.
Very little DO depletion occurs in the reservoir; the minimum DO during the survey was 5.8 mg/l at the
bottom in October. The maximum DO saturation was 108 percent at the surface in May. The lack of low
DO in the reservoir resulted in a good rating for DO in the reservoir ecological health index.

Conductivities were low, usually between 50 and 60 pnmhos/cm with little stratification. The lack
of DO depletion and low primary productivity resulted in little variation in pH, which varied from 7.5 to
6.3.

Concentrations of total nitrogen, total phosphorus, total organic carbon, and chlorophyll were all
among the lowest six of the 33 tributary reservoir stations. Organic- and nitrate-nitrogen concentrations
were 0.03 and 0.09 mg/l in April, and 0.06 and 0.04 mg/l in August. Total and dissolved ortho phosphorus
concentrations were 0.005 and 0.003 mg/I in April, and 0.002 and <0.002 mg/l in August. Total organic
carbon concentrations were very low, 0.8 and 1.4 mg/l in April and August, respectively. Chlorophyll a
concentrations averaged 2.5 jig/l. This chlorophyll concentration is considered fair in the reservoir
ecological health index. Secchi depths varied from 1.6 m in April to 3.6 m in July, September, and October.

Sediment Quality-Chemical analysis of sediments in Parksville Reservoir in 1993 indicated
extremely high levels of copper (1,500 mg/kg), lead (1,300 mg/kg) and zinc (1,500 mg/kg) in the forebay
sediment. Toxicity tests detected acute toxicity to daphnids (0 percent survival) and rotifers (10 percent
survival) at an upper reservoir site sampled only for sediments (not included in the overall ecological health
score). Acute toxicity to daphnids and rotifers was also detected in near bottom water collected at the
forebay (0 and 20 percent survival, respectively); and at the upper reservoir sampling site (0 percent
survival for both species). Particle size analysis showed sediments in the forebay were 99 percent silt and
clay. No chemical analyses or particle size analyses were conducted for the upper reservoir sediment
sample.

Because of the acute toxicity of the forebay bottom water to daphnids and rotifers and the very
high concentrations of copper, lead, and zinc found in the forebay sediment, a poor sediment quality rating
was used in the overall 1993 Parksville Reservoir ecological health evaluation.

Benthic Macroinvertebrates-Only one site was chosen for sampling the first year on Ococe No.
21, located in the forebay. The benthic community there was poor, with only 10 taxa, 372 organisms/mr

and dominated by Tubificidae (65 percent) and Limnodrilus hoffmeisteri (27 percent). This site rated poor
on 3 of the 5 metrics: number of EPT taxa, number of long-lived taxa, and proportion of tubificids. It
received a good score only on the proportion of chironomids metric, and diversity was fair.
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Ocoee Reservoir No.1 (Parksville Reservoir) 

Summary of 1993 Conditions - Ecological Health 

Water-The average flow in 1993 was about 91 percent of nonnal. The high elevation outlet at the 

dam allows the hypolimnetic water to remain in place all spring and summer. In October, the bottom 

temperature was 7. 7°C. The very cold bottom temperatures mean that the reservoir was strongly stratified; 

there was a temperature difference in the water column of21.4°C in July. The maximum surface 

temperature was 28.7°C in July. Tennessee's maximum temperature criterion for aquatic life is 30.5°C. 
Very little DO depletion occurs in the reservoir; the minimum DO during the survey was 5.S mgll at the 

bottom in October. The maximum DO saturation was lOS percent at the surface in May. The lack oflow 

DO in the reservoir resulted in a good rating for DO in the reservoir ecological health index. 
Conductivities were low, usually between 50 and 60 ~os/cm with little stratification. The lack 

of DO depletion and low primary productivity resulted in little variation in pH, which varied from 7.5 to 
6.3. 

Concentrations of total nitrogen, total phosphorus, total organic carbon, and chlorophyll were all 

among the lowest six of the 33 tributary reservoir stations. Organic- and nitrate-nitrogen concentrations 
were 0.03 and 0.09 mgll in April, and 0.06 and 0.04 mgll in August. Total and dissolved ortho phosphorus 

concentrations were 0.005 and 0.003 mgll in April, and 0.002 and <0.002 mgtl in August. Total organic 

carbon concentrations were very low, O.S and 1.4 mg/l in April and August, respectively. Chlorophyll a 
concentrations averaged 2.5 flg/l. This chlorophyll concentration is considered fair in the reservoir 

ecological health index. Secchi depths varied from 1.6 m in April to 3.6 m in July, September, and October. 

Sediment Quality-Chemical analysis of sediments in Parksville Reservoir in 1993 indicated 

extremely high levels of copper (1,500 mglkg), lead (1,300 mglkg) and zinc (1,500 mglkg) in the forebay 

sediment. Toxicity tests detected acute toxicity to daphnids (0 percent survival) and rotifers (10 percent 

survival) at an upper reservoir site sampled only for sediments (not included in the overall ecological health 

score). Acute toxicity to daphnids androtifers was also detected in near bottom water collected at the 

forebay (0 and 20 percent survival, respectively); and at the upper reservoir sampling site (0 percent 

survival for both species). Particle size analysis showed sediments in the forebay were 99 percent silt and 

clay. No chemical analyses or particle size analyses were conducted for the upper reservoir sediment 

sample. 

Because of the acute toxicity of the forebay bottom water to daphnids and rotifers and the very 

high concentrations of copper, lead, and zinc found in the forebaysediment, a poor sediment quality rating 

was used in the overall 1993 Parksville Reservoir ecological health evaluation. 

Benthic Macroinvertebrates-Only one site was chosen for sampling the first year on Ocoee No. 

1, located in the forebay. The benthic community there was poor, with only 10 taxa, 372 organisms/m2, 
and dominated by Tubificidae (65 percent) and Limnodrilus hoffineisteri (27 percent). This site rated poor 

on 3 of the 5 metrics: number ofEPT taxa, number oflong-lived taxa, and proportion oftubificids. It 

received a good score only on the proportion of chironomids metric, and diversity was fair. 
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Fish Community-Only the forebay of Parksville Reservoir was sampled in fall 1993. Shoreline
electrofishing (15 transects) and offshore netting (12 net-nights) produced a total of 524 individuals
including 15 species. Bluegill and largemouth bass were the most abundant species collected, comprising
76 and 7 percent of the total sample, respectively. Channel catfish (4 percent) and yellow perch (3 percent)
were also frequently encountered.

The electrofishing Reservoir Fish Assemblage Index (RFAI) rated the Parksville littoral fish

community as poor (RFAI=28) and the gill netting RFAI rated the limnetic bottom fish community as very
poor (RFAI=20).

Overall RFAI analysis (combined electrofishing and gill netting) determined that the quality of the
reservoir fish community was poor. The Parksville Reservoir forebay RFAI of 24 was the lowest recorded
for storage reservoir forebays, receiving minimum scores for seven of the twelve metrics utilized for the
electrofishing RFAI analysis, and ten of the twelve metrics analyzed for gill netting.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-No bacteriological studies were conducted in 1993.

Fish Tissue-There are no fish consumption advisories on Parksville Reservoir. However,
screening studies conducted 1987 through 1991 consistently found relatively high PCB concentrations
(about 1.0 R.g/g) and higher than expected selenium concentrations (about 1.0 tg/g) at the forebay. Because
of the consistently elevated PCB concentrations, TVA, TDEC, and TWRA designed and conducted a more
intensive effort on Parksville Reservoir for autumn 1992. The study included individual analyses on
channel catfish and largemouth bass from the forebay and upper reservoir area and composite analysis of
bluegill sunfish from both areas and rainbow trout from the lower portion of the reservoir. PCBs,
chlordane, selenium, and mercury were the analytes of interest. Results generally fell along expected lines.
PCB concentrations in channel catfish were relatively high (averages 1.5 and 1.0 ILg/g and maxima 3.0 and
1.9 pLg/g at the forebay and upper locations, respectively). PCB concentrations in largemouth bass were not
as high (averages 0.6 and 0.7 pRg/g and maxima 1.7 and 2.0 pRg/g at the forebay and upper location,
respectively). PCB concentrations in the bluegill and trout composites were only slightly above detection
limits. Chlordane and mercury concentrations were low or not detected in all samples. Selenium
concentrations fell generally as expected (around 1.0 ptg/g). At the time this report was prepared, no action
had been taken on these results. Additional composite samples of channel catfish from the forebay and
inflow areas were collected in autumn 1993, but results were not available at the time this report was
prepared.

80

Fish Community-Only the forebay of Parksville Reservoir was sampled in fa111993. Shoreline 
electrofishing (15 transects) and offshore netting (12 net-nights) produced a total of524 individuals 
including 15 species. Bluegill and largemouth bass were the most abundant species collected, comprising 
76 and 7 percent of the total sample, respectively. Channel catfish (4 percent) and yellow perch (3 percent) 
were also frequently encountered. 

The electrofishing Reservoir Fish Assemblage Index (RF AI) rated the Parksville littoral fish 
community as poor (RF AI=28) and the gill netting RF AI rated the limnetic bottom fish community as very 
poor (RF AI=20). 

Overall RF AI analysis (combined electrofishing and gill netting) detennined that the quality of the 
reservoir fish community was poor. The Parksville Reservoir forebay RF AI of 24 was the lowest recorded 
for storage reservoir forebays, receiving minimum scores for seven of the twelve metrics utilized for the 
electrofishing RFAI analysis, and ten of the twelve metrics analyzed for gill netting. 

Summary of 1993 Conditions - Use Suitability 

Fecal Coliform Bacteria-No bacteriological studies were conducted in 1993. 

Fish Tissue-There are no fish consumption advisories on Parksville Reservoir. However, 
screening studies conducted 1987 through 1991 consistently found relatively high PCB concentrations 
(about 1.0 ""gig) and higher than expected selenium concentrations (about 1.0 ""gig) at the forebay. Because 
of the consistently elevated PCB concentrations, TVA, TDEC, and 1WRA designed and conducted a more 
intensive effort on Parksville Reservoir for autumn 1992. The study included individual analyses on 
channel catfish and largemouth bass from the forebay and upper reservoir area and composite analysis of 
bluegill sunfish from both areas and rainbow trout from the lower portion of the reservoir. PCBs, 
chlordane, selenium; and mercury were the analytes of interest. Results generally fell along expected lines. 
PCB concentrations in channel catfish were relatively high (averages 1.5 and 1.0 J.1g1g and maxima 3.0 and 
1.9 Jlglg at the forebay and upper locations, respectively). PCB concentrations in largemouth bass were not 
as high (averages 0.6 and 0.7 Jlglg and maxima 1.7 and 2.0 ""gig at the forebay and upper location, 
respectively). PCB concentrations in the bluegill and trout composites were only slightly above detection 
limits. Chlordane and mercury concentrations were low or not detected in all samples. Selenium 
concentrations fell generally as expected (around 1.0 ""gig). At the time this report was prepared, no action 
had been taken on these results. Additional composite samples of channel catfish from the forebay and 
inflow areas were collected m autumn 1993, but results were not available at the time this report was 
prepared. 
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Hiwassee River Stream Monitoring Site

Summary of 1993 Conditions - Ecological Health

Water-The water of the Hiwassee River is soft (average hardness of 15 mg/i) and slightly
alkaline (average total alkalinity of 16 mg/i). The median pH for the stream monitoring site was 7.2. The
river was well oxygenated with dissolved oxygen levels remaining around 100 percent of saturation.

Of the 12 streams monitored across the Tennessee Valley, the Hiwassee River ranked among the
lowest average concentrations of organic nitrogen (0.089 mg/1), nitrate+nitrite-nitrogen (0.16 mg/I), and
total phosphorus (0.025 mg/I). It ranked near the middle in average ammonia nitrogen (0.030 mg/l) and
dissolved orthophosphate (0.007 mg/I) concentrations. The low total phosphorus and nitrate+nitrite-
nitrogen concentrations yielded a good rating for nutrients at the site.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and
total and dissolved copper and zinc) were performed bi-monthly. Dissolved cadmium was detected in 5 of 6
samples. One sample exceeded the EPA guidelines for both chronic and acute toxicity to aquatic life.
Another sample exceeded the guideline only for chronic toxicity to aquatic life.

Sediment- Sediment quality rated good in 1993 with no acute toxicity observed. No PCBs or
pesticides exceeded the EPA guidelines; however, nickel exceeded the EPA guidelines. This is an
improvement over 1992 when the sediment quality rated fair.

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrate results rated fair with a
2Modified Benthic Index of Biotic Integrity (MBIBI) score of 38, with 81 taxa and 828 organisms/mr

Conditions in 1992 also rated fair (MBIBI score 34) with 65 taxa and 953 organisms/m2; however, the
MBIBI score of 34 was very close to a poor rating. Dominant organisms in 1993 were dipteran midge
larvae (33 percent), caddisflies (18 percent), and mayflies (13 percent). Dipteran midge larvae was the
most dominant organism in 1992 (28 percent), followed by the Asian clam Corbicula (20 percent) and
caddisflies (14 percent). Regulated stream flows and cold water releases from Appalachia Powerhouse
stress warmwater benthic communities in the river.

Fish Community Assessment-No meaningful change was seen in the fish community as ratings
for both 1993 and 1992 were good with Index of Biotic Integrity (IBI) score 48 each year. Limited
deficiencies in number of native species, numbers of darter and sunfish species, proportion of fish as
specialized insectivores, and fish density indicated less than optimum conditions. Problems found in the fish
community may be partially attributed to altered flows due to releases from Apalachia Powerhouse.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-No fecal coliform bacteria samples were collected in 1993.
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Hiwassee River Stream Monitoring Site 

Summary of 1993 Conditions - Ecological Health 

Water-The water of the Hiwassee River is soft (average hardness of 15 mgll) and slightly 
alkaline (average total alkalinity of 16 mgll). The median pH for the stream monitoring site was 7.2. The 
river was well oxygenated with dissolved oxygen levels remaining around 100 percent of saturation. 

Of the 12 streams monitored across the Tennessee Valley, the Hiwassee River ranked among the 
lowest average concentrations of organic nitrogen (0.089 mgll), nitrate+nitrite-nitrogen (0.16 mgll), and 
total phosphorus (0.025 mgll). It ranked near the middle in average ammonia nitrogen (0.030 mgll) and 
dissolved orthophosphate (0.007 mgll) concentrations. The low total phosphorus and nitrate+nitrite
nitrogen concentrations yielded a good rating for nutrients at the site. 

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and 
total and dissolved copper and zinc) were performedbi-monthly. Dissolved cadmium was detected in 5 of6 
samples. One sample exceeded the EPA guidelines for both chronic and acute toxicity to aquatic life. 
Another sample exceeded the guideline only for chronic toxicity to aquatic life. 

Sediment- Sediment quality rated good in 1993 with no acute toxicity observed. No PCBs or 
pesticides exceeded the EPA guidelines;.however, nickel exceeded the EPA guidelines. This is an 
improvement over 1992 when the sediment quality rated fair. 

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrate results rated fair with a 
Modified Benthic Index of Biotic Integrity (MBIBI) score of38, with 81 taxa and 828 organisms/m2. 
Conditions in 1992 also rated fair (MBIBI score 34) with 65 taxa and 953 organisms/m2; however, the 
MBIBI score of 34 was very close to a poor rating. Dominant organisms in 1993 were dipteran midge 
larvae (33 percent), caddisflies (18 percent), and mayflies (13 percent). Dipteran midge larvae was the 
most dominant organism in 1992 (28 percent), followed by the Asian clam Corbicula{20 percent) and 
caddisflies (14 percent). Regulated stream flows and cold water releases from Appalachia Powerhouse 
stress warmwater benthic communities in the river. 

Fish Community Assessment-No meaningful change was seen in the fish community as ratings 
for both 1993 and 1992 were good with Index of Biotic Integrity (IBI) score 48 each year. Limited 
deficiencies in number of native species, numbers of darter arid sunfish species, proportion of fish as 
specialized insectivores, and fish density indicated less than optimum conditions. Problems found in the fish 
community may be partially attributed to altered flows due to releases from Apalachia Powerhouse. 

Summary of 1993 Conditions - Use Suitability 

Fecal Coliform Bacteria-No fecal coliform bacteria samples were collected in 1993. 
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Fish Tissue-A five-fish composite each of carp, channel catfish, and largemouth was collected

during summer and analyzed for selected metals, pesticides, and PCBs. All analytes were either not

detected or found in low concentrations. The only analyte high enough to be noteworthy was PCBs in carp
with a slightly elevated concentration of 0.6 Rg/g.
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Fish Tissue-A five-fish composite each of carp, channel catfish, and largemouth was collected 

during summer and analyzed for selected metals, pesticides, and PCBs. All analytes were either not 

detected or found in low concentrations. The only analyte high enough to be noteworthy was PCBs in carp 

with a slightly elevated concentration of 0.6 Ilg/g. 
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WATTS BAR RESERVOIR, FORT LOUDOUN RESERVOIR,
AND MELTON HILL RESERVOIR WATERSHED
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Watts Bar Reservoir

Summary of 1993 Conditions - Ecological Health

Water-During the April-September 1993 monitoring period, surface water temperatures ranged
from a minimum of 18.3 0C in April to a maximum of 30.2"C in July in the forebay; and from 16.7°C to
29.80C (for the same months) at the transition zone. The State of Tennessee's maximum water temperature
criteria for the protection of fish and aquatic life is 30.5°C.

Values for DO at the 1.5m depth ranged from a low of 6.5 mg/i in September to a high of
12.6 mg/1 in April at the forebay, and from 7.1 mg/l to 11.3 mg/I (for the same months) at the transition
zone. At the inflow sampling site on the Tennessee River arm of Watts Bar Reservoir (i.e. the tailrace of
Fort Loudoun dam) a minimum DO of 3.9 mg/I was recorded in September. At the inflow sampling site on
the Clinch River arm of Watts Bar Reservoir (i.e., the tailrace of Melton Hill dam) a minimum DO of 6.3
mg/i was recorded in March. Tennessee's minimum dissolved oxygen criteria for the protection of fish and

aquatic life is 5.0 mg/l, measured at the 1.5 meter depth.
Temperature and dissolved oxygen data show that Watts Bar Reservoir developed a moderate

degree of both thermal and oxygen stratification throughout most of the summer of 1993. For the period
April through August, monthly surface to bottom temperature differentials (AT's) were: 5.20C, 5.5°C, 7.40
C, 7.3 0C, and 4.0°C at the forebay; and 2.3°C, 2.6°C, 3.90C, 6.21C, and 2.2°C at the transition zone.

DO versus depth data show that a rather strong oxycline also developed in Watts Bar Reservoir,
particularly from June through August. During these three months, surface to bottom differences in DO
were: 9.2 mg/I, 9.2 mg/l, and 5.8 mg/I at the forebay; and 7.2 mg/l, 5.8 mg/l, and 3.1 mg/I at the transition
zone. At the forebay, near bottom DO concentrations in the hypolimnion were less than 2 mg/I in June and
July. In addition, the proportion of the hypolimnion with low DO's (i.e. less than 2 mg/I) averaged about 13
percent of the total cross sectional area, higher than in any other Tennessee River reservoir. The minimum
observed DO concentration in Watts Bar Reservoir in 1993 was 0.6 mg/I at the bottom of the forebay in
July, but DO's were never less than 4 mg/I at the transition zone.

DO ratings used in the overall reservoir ecological health evaluation for Watts Bar Reservoir were
poor at the forebay; excellent at the transition zone and at the inflow sampling site on the Clinch River; and
fair at the inflow site on the Tennessee River. The low forebay rating was due to the large proportion of the
forebay hypolimnion with low DO concentrations (i.e., less than 2 mg/l). The fair rating at the inflow
sampling site on the Tennessee River arm of Watts Bar Reservoir was a result of oxygen levels being
measured about 1 mg/I, below the Tennessee criteria (5 mg/l, at the 1.5 meter depth) in the releases from
Fort Loudoun dam.

Historically, the pH's of water in Watts Bar Reservoir has been higher than other Tennessee River
sampling site. This is due to the addition of the cool, clear, well oxygenated, nitrate rich, and hard water of
the Clinch River which combines with the Tennessee River (and Watts Bar Reservoir) at TRM 567.9,
about seven miles upstream from the transition zone sampling site. In the summer of 1993, values of pH
ranged from 6.8 to 9.0 on Watts Bar Reservoir. During much of the April-September sample period, near
surface values of pH frequently exceeded 8.5 at both the forebay and the transition zone, with DO
saturation values commonly exceeding 100 percent, indicating high rates of photosynthesis. Tennessee's
maximum pH criteria for the protection of fish and aquatic life is 8.5.
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Summary of 199~ Conditions - Ecological Health 
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from a minimum of 18.3°C in April to a maximum of30.2°C in July in the forebay; and from 16.7°C to 
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The average total phosphorus concentrations observed in Watts Bar Reservoir (0.029 mg/I at the
forebay and 0.035 mg/l at the transition zone) were among the lowest of the Tennessee River Vital Signs
Monitoring locations in 1993. In addition, the average dissolved ortho phosphorus concentrations of
0.007 mg/I and 0.004 mg/l, respectively, at the forebay and transition zones were also among the lowest
observed at any of the Tennessee River Vital Signs Monitoring locations in 1993. TN/TP ratios on Watts
Bar Reservoir are higher than on any other Tennessee River reservoir. The low phosphorus concentrations
in combination with the relatively high nitrogen concentrations (supplied by both the Clinch and Tennessee
River inflows) results in the high TN/TP ratios in Watts Bar (particularly at the transition zone) and
suggest periods of phosphorus limitation on primary productivity.

The highest chlorophyll a concentrations were measured in August at the forebay (10 jig/l) and in
May at the transition zone (11 p.g/l). Surface concentrations of chlorophyll a averaged about 7 jig/I at the
forebay and about 8 pZg/1 at the transition zone in 1993. Consequently, the chlorophyll a ratings used in the
1993 ecological health evaluation for Watts Bar Reservoir were good (i.e., falling in the 3 to 10 pig/l range)
at both locations.

Forebay Secchi depth and suspended solids measurements averaged 1.5 m and 6.3 mg/l,
respectively. These values indicate the light transparency of Watts Bar Reservoir forebay to be relatively
high compared with other mainstem Tennessee River reservoirs in 1993.

Sediment-Chemical analyses of sediments in Watts Bar Reservoir in 1993 indicated elevated
levels of un-ionized ammonia (240 jig/l) in the forebay, and the presence of chlordane (18 jig/kg) in the
transition zone. Mercury was also detected at the transition zone at a slightly elevated level (0.72 mg/kg),
but at a level below sediment quality guidelines for mercury (i.e. 1.0 mg/kg). Toxicity tests detected acute
toxicity to daphnids and rotifers (40 percent survival each) in the forebay. The forebay was also toxic to
rotifers in 1992. Particle size analysis showed sediments from the forebay were near 100 percent silt and

clay; and 98 percent silt and clay from the transition zone.
Sediment quality ratings used in the overall Watts Bar Reservoir ecological health evaluation for

1993 were "poor" at the forebay (acute toxicity to test animals and presence of ammonia); and "good" at

the transition zone (presence of chlordane).

Benthic Macroinvertebrates-The forebay site had a good benthic macroinvertebrate community,

the transition zone fair, and both the Tennessee River and Clinch River inflow sites had poor benthic
communities. The forebay on Watts Bar had 805 organisms/m 2 representing 18 taxa; the dominant species
were the chironomids Chironomus sp (32 percent) and Coelotanypus tricolor (16 percent). The transition
zone had 14 taxa and 1,280 organisms/2 with the snail Musculium transversum (34 percent), the mayfly
Hexagenia limbata (27 percent) and the chironomid Chironomus sp (17 percent) as the dominant species
present. The Tennessee River inflow site had 314 organisms/m 2 representing 20 taxa; Corbicula fluminea
was the dominant species comprising 71 percent of the total organisms. The Clinch River inflow site had

145 organisms/m2 made up of 16 taxa; Corbicula fluminea (49 percent), Pseudochironomus sp
(18 percent) and Tubificidae (18 percent), were the dominant taxa.

The Watts Bar forebay scored well on all metrics except for the paucity of EPT taxa and the
preponderance of chironomids. Those two factors kept this site from obtaining an excellent rating. The
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transition zone exhibited a fair community. Reduced diversity, minimal numbers of long-lived species,
above average numbers of chironomids, and unevenness associated with the dominant species all
contributed to the fair rating this site received. The Tennessee River and Clinch River inflow sites both had
a poor benthic communities because of the lack of diversity, EPT taxa, and long-lived species. The
unevenness of dominant taxa also negatively impacted these benthic communities. Interestingly, the percent
of the total organisms comprised of tubificids and chironomids, normally considered tolerant organisms,
was relatively low at both inflows.

Aquatic Macrophytes-Aquatic plants have declined from about 700 acres in the late 1980's to an
estimated 10 acres in 1993. Eurasian watermilfoil and spinyleaf naiad were the dominant species prior to
the recent decline.

Fish Community--Shoreline electrofishing (60 transects) and offshore gill netting (39 net-nights)
sampled a total of 5,174 fish represented by 50 species. Three species made up the majority of the overall
sample: gizzard shad (37 percent), bluegill (13 percent), and emerald shiners (12 percent). Electrofishing
results showed catch rates to be similar in the Clinch River inflow (CPUE=5 1 per 3 00m transect),
Tennessee River inflow (CPUE=53 per 300m transect), and forebay (CPUE=56 per 300m transect) but
much higher at the transition zone (CPUE= 129 per 300m transect). The higher catch rate in the transition
was attributed mainly to abundance of emerald shiners and bluegill. Threadfin shad YOY catch rates were
moderate in all sample zones except the Tennessee River inflow which was considered high. Gill netting
catch rates were much the same in all four sample areas.

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish community (based on results of
electrofishing samples) good in the transition (RFAI=48), fair in the forebay (RFAI=34) and Tennessee
River inflow (RFAI=34), and poor in the Clinch River inflow (RFAI=30). The lower Clinch River inflow
rating (compared to the Tennessee River inflow) resulted from slightly fewer numbers of sunfish and
intolerant species. The gill netting RFAI rated both the transition zone (RFAI=38) and forebay (RFAI=32)
fair. Gill netting RFAI values were not calculated for inflow zones of run-of-the-river reservoirs due to low
numbers of replicate samples.

Combined electrofishing and gill netting RFAI scores for the forebay (RFAI=33) received a fair
rating, followed by the transition (RFAI=43) zones which was rated good. Electrofishing RFAI scores for
the Tennessee (RFAI=34) and Clinch River (RFAI=30) inflow zones were rated fair and poor, respectively.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-Fourteen swimming areas were tested for fecal coliform bacteria 12
times each in 1993. Only one sample at each site was collected within 48 hours of a rainfall of at least one-
half inch. Bacteria concentrations were generally higher after rainfall. If the one rainfall sample is excluded,
all sites met Tennessee's water quality criteria for geometric mean concentration. However, four sites had
one or more concentrations to exceed 1000/100 ml, Tennessee's maximum concentration for one sample.
Only three of the fourteen areas had very low geometric mean concentrations for all samples (<20/100 ml),
a much lower ratio than the other Tennessee River Reservoirs. All monthly fecal coliform bacteria samples
taken at the two Vital Signs locations were <10/100 ml.
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Fish Tissue-Fish from Watts Bar Reservoir have been under intensive investigation for several
years because of PCB contamination. TDEC has issued an advisory warning the public to avoid eating
certain species and to limit consumption of other species. Four of these species (channel catfish, striped
bass including striped bass/white bass hybrids, sauger, and white bass) were reexamined in autumn in
1992. Average PCB concentrations among sample sites ranged from 0.4 to 1.9 pg/g for channel catfish
(five sites), 1.0 to 1.1 ptg/g for striped bass (two sites), 0.2 to 0.6 g~g/g for sauger (three sites), and the
average for white bass at the single location was 0.7 i'g/g. Additional data for channel catfish and striped
bass collected in autumn 1992 will be available in the future from studies conducted for DOE study. This is
also true for additional fish collected for TVA studies in autumn 1993.
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Fort Loudoun Reservoir

Summary of 1993 Conditions - Ecological Health

Water-Temperature and dissolved oxygen (DO) data show the establishment of stratification
(both a thermocline and oxycline) in Fort Loudoun Reservoir which persisted throughout most of the
summer (April through September) of 1993. Summer surface water temperatures were wannest in July and
coolest in April. They ranged from a maximum of 29.30 C to a minimum of 15.8°C at the forebay; and from
30.4 0C to 15.5 0C at the transition zone. Surface to bottom temperatures differentials (AT's) exceeded 5*C
each month from April through August at the forebay and from May through July at the transition zone.
Maximum thermal stratification occurred in July when AT's were 9.60C at the forebay, and 10.2'C at the
transition zone.

In Fort Loudoun Reservoir in 1993, DO at the 1.5m depth ranged from a high of 14.5 mg/l in May
(algal bloom) to a low of 5.4 mg/l in September at the forebay; and from 12.6 mg/l to 5.4 mg/l (for the
same months) at the transition zone. The minimum DO observed in Fort Loudoun Reservoir in 1993 was
2.5 mg/l at the bottom of the forebay during September. Maximum surface to bottom dissolved oxygen
differentials (DO's) exceeded 5 mg/I each month, May through August, at the forebay; and, exceeded
4 mg/l April through June at the transition zone, with a minimum bottom DO of 4.9 mg/l in September. DO
ratings used in the overall reservoir ecological health evaluation for Fort Loudoun Reservoir were excellent
at both the forebay and the transition zone.

Summer values of pH ranged from 6.9 to,9.4 in Fort Loudoun Reservoir in 1993. At the forebay,
near surface pH values exceeding 8.5 (ranged from 8.8 to 9.3), and DO saturation values exceeding
120 percent (ranged from 121% to 163%) were measured each month from April through August
indicating substantial photosynthetic activity. During May, June, and July, a similar pattern of high pH's
(range 8.6 to 9.4) and high DO saturations (range 132% to 161%) was observed at the transition zone.
Tennessee's maximum pH criteria for the protection of fish and aquatic life is 8.5.

Conductivity ranged from 107 to 221 ltmhos/cm, averaging about 185 p~mhos/cm at the forebay
and 200 pmhos/cm at the transition zone. The slightly lower conductivities measured at the forebay were
caused by the mixing of the soft water inflows from the Little Tennessee River, via the Tellico Reservoir
canal with the harder water of the Tennessee River. During the summer, the water in the forebay of Tellico
Reservoir is often cooler (1993 average summer forebay temperature was 16.5C) than the water in the
forebay of Fort Loudoun Reservoir (1993 average summer forebay temperature was 20.6C). During hydro-
electric power generation, water from Tellico Reservoir forebay is pulled into Ft Loudoun forebay and
being cooler (higher density) flows under the warmer water of Fort Loudoun Reservoir. For example, in
Fort Loudoun forebay in September 1993, surface conductivity was approximately 200 pmhos/cm and
near bottom conductivity was about 115 p.mhos/cm (i.e. lower conductivity because of the addition of
cooler, lower conductivity water from Tellico Reservoir). At the same time, this cooler, epilimnetic water
from Tellico Reservoir has higher DO's than the bottom water in the forebay of Fort Loudoun Reservoir,
resulting in improved hypolimnetic DO's in Fort Loudoun's forebay, and improved DO's in the releases
from Fort Loudoun dam.,

Nutrient concentrations (total nitrogen and total phosphorus) have historically (1990-1993) been
high at both the forebay and the transition zone. The average nitrite plus nitrate-nitrogen concentrations of
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0.34 mg/I (forebay) and 0.43 mg/l (transition zone); and the average total nitrogen concentrations of
0.60 mg/I (forebay) and 0.71 mg/l (transition zone) were the highest average concentrations of these
nutrients measured in 1993 at any of the Tennessee River Vital Signs Monitoring locations. These high
concentrations of nitrogen are due to a combination of the effect of wastewater discharges in the Knoxville
metropolitan area and the inflows to Fort Loudoun Reservoir from the Holston and French Broad Rivers,
which have relatively high nitrogen concentrations.

The transition zone area of Fort Loudoun Reservoir has historically had lower water clarity than
any of the other Tennessee River Vital Signs sampling sites. In 1993, total suspended solids (TSS)
averaged 13.4 mg/l, while Secchi depths averaged less than 1 meter. One final interesting piece of data was
the high fecal coliform concentrations, with no antecedent rainfall, measured at both the forebay and
transition zone sampling sites in April (greater than 600 fecal coliform (FC) colonies per 100 ml of water),
which may indicate municipal wastewater treatment interruptions in the Knoxville area. On no other
occasion throughout the summer did fecal coliform concentrations exceed 5 F°C colonies/100 ml.

The highest chlorophyll a concentrations in the forebay occurred in April (24 jtg/I) and in the
transition zone in May (19 jig/l). Surface concentrations of chlorophyll a averaged about 14.7 jig/l and
13.7 jig/l, at the forebay and transition zone, respectively, among the highest measured at Tennessee River
sampling sites in 1993. The chlorophyll a ratings used in the 1993 ecological health evaluation for Fort
Loudoun Reservoir were fair (i.e., falling in the 10 to 15 jig/l range), at both locations; just below the level
considered poor (i.e.. greater than 15 jig/l).

Sediment-As 1990-1992, chemical analyses of sediments in 1993 from Fort Loudoun Reservoir
indicated high levels of zinc (300 mg/kg) in both forebay and in transition zone samples. Chlordane was
also detected in sediment at both the forebay (12 jig/kg) and the transition zone (27 jig/kg). Toxicity tests
detected acute toxicity to daphnids (55 percent survival) in the forebay. Particle size analysis showed
sediments from the forebay and the transition zone were 99 percent silt and clay.

Sediment quality ratings used in the overall Fort Loudoun Reservoir ecological health evaluation
for 1993 were poor at the forebay (acute toxicity to test animals and presence of chlordane and zinc); and
good at the transition zone (presence of chlordane and zinc).

Benthic Macroinvertebrates-In 1993, the benthic macroinvertebrate sampling showed fair
communities in the forebay and transition zone, and a very poor community in the inflow. The forebay
benthic community improved and the inflow benthic community declined from 1992. The forebay site on

Fort Loudoun had 1,178 organisms/m2 representing 15 taxa; Chironomus (45 percent) and Tubificidae
(26 percent) were the dominant organisms. The transition zone had fewer total organisms (987

organisms/m2) but greater taxa richness (22 total taxa) than the forebay site. The transition zone benthic
community this year was more diverse and abundant than the 1992 community. Tubificidae (27 percent)
and the chironomids Chironomus sp (23 percent) and Procladius sp (24 percent) were the most abundant
taxa. The inflow macroinvertebrate community had 747 organisms/m2 and 18 taxa. Polypedilum sp
comprised 31 percent of the sample, and Tubificidae and Corbicula fluminea comprised 24 percent of the
total each.
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The Fort Loudoun forebay benthic community rating was negatively impacted by the abundance of
chironomids and the lack of EPT taxa. This was balanced by the positive influence of a diverse assemblage
with evenness among the dominant taxa, allowing this site to achieve an overall fair rating. The benthic
community at the transition zone was negatively impacted by the shortage of long-lived taxa and the
abundance of chironomids. This was off-set by the taxa richness and evenness of dominant species
observed at the site, resulting in a fair rating. The inflow site on Fort Loudoun had a very poor benthic
community in 1993 because of low diversity, a shortage of EPT and long-lived taxa, and an overabundance
of the dominant species.

Aquatic Macrophytes-Aquatic plants on Ft. Loudoun Reservoir were primarily upstream of
TRM 635. An estimated 25 acres of aquatic plants were present in 1993. Coverage over the past decade
has ranged from 25 to 140 acres, and Eurasian watermilfoil has been the dominant species.

Fish Community--Fish samples from the littoral (45 electrofishing transects) and profundal areas
(34 net-nights) of Fort Loudoun Reservoir produced 3,211 individuals, representing 40 species. The most
abundant taxa was gizzard shad which accounted for 42 percent of the total number collected. Other
abundant species included bluegill (11 percent), yellow bass (10 percent), largemouth bass (9 percent), and
carp (7 percent). Electrofishing results indicated total numbers of fish were approximately the same in the
forebay (907) and transition zones (1,027). Considerably lower numbers in the inflow zone (420) were due
to reduced catch of gizzard shad, bluegill, and largemouth bass. Very high numbers of YOY threadfin shad
were collected by electrofishing in both the transition (CPUE=7,775 per 300m transect) and forebay
(CPUE=7,953 per 300m transect) zones of Fort Loudoun Reservoir. Gill netting catch rate decreased from
37 fish per net night in the forebay to 30 and 6 in the transition and inflow zones, respectively.

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish community (based on results of
electrofishing samples) very poor in the transition zone,(RFAI=14) and poor in the forebay (RFAI=24) and
inflow zones (RFAI=26). The transition RFAI of 14, which was the lowest score ever observed in TVA
reservoirs, resulted from the lowest possible score for all metrics except percent anomalies. The gill netting
RFAI rated the transition (RFAI=36) and forebay (RFAI=36) both fair. High metric scores were observed
at both areas for percent of tolerant and omnivorous species, and percent anomalies, with low scores for
intolerant and lithophilic spawning species. Gill netting RFAI values were not calculated for inflow zones
of run-of-the-river reservoirs due to low numbers of replicate samples. Combined electrofishing and gill
netting RFAI scores for the forebay (RFAI=30) and transition (RFAI=25) zones and the electrofishing
RFAI for the inflow (RFAI=26) were all rated poor, resulting in the poorest fish community conditions in
TVA run-of-the-river reservoirs.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-One boat ramp was tested for fecal coliform bacteria in 1993. Fecal
coliform concentrations met Tennessee's bacteriological criteria for water contact recreation. The only fecal
coliform bacteria concentrations in the monthly Vital Signs monitoring > 10/100 ml were the April samples.
Concentrations were >600/100 ml at both stations.
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Fish Tissue-The sample site for the PCB trend study is near the transition zone at TRM 625. Ten
channel catfish were collected there in autumn 1992. Concentrations in 1992 were higher than had been found in
1990 (average ofl.0 g/gandrangeof0.3tol.9 gig) but lower than in 1991 (average of 2.5 g/g and range
1.4 to 4.6 gig). The 1992 samples had an average of 1.8 g/g and ranged from <0.1 to 4.2 g/g).
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Fish Tissue-The sample site for the PCB trend study is near the transition zone at TRM 625. Ten 
channel catfish were collected there in autunm 1992. Concentrations in 1992 were higher than had been found in 
1990 (average ofl.O gig and range of OJ to 1.9 gig) but lower than in 1991 (average of2.5 gig and range 
1.4 to 4.6 gig). The 1992 samples had an average of 1.8. gig and ranged from <0.1 to 4.2 'i/g). 
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Melton Hill Reservoir

Summary of 1993 Conditions - Ecological Health

Water-In the summer of 1993, thermal stratification began to develop in May and persisted
through September at both the forebay and the transition zone in Melton Hill Reservoir. Temperature
differentials (AT's) exceeding 10*C between the water surface and the bottom were found each month at the
forebay from May through August; and each month at the transition zone from May through July. This
fairly strong thermal stratification of Melton Hill Reservoir is enhanced by the upstream release of cool
water from Norris Dam, which during the summer flows along the bottom of Melton Hill Reservoir.
Surface water temperatures were warmest in July and coolest in April. They ranged from a high of 29.7*C
to a low of 11.51C at the forebay; and from 28.8°C to 10.9°C at the transition zone. In the late summer the
release of cool water from Norris Dam into the upstream end of Melton Hill Reservoir and the solar
warming as the water moves downstream into the forebay often results in water surface temperatures being
4-50C cooler at the transition zone than at the forebay. In 1993, the average summer water temperatures in
Melton Hill Reservoir (16.7°C at the forebay and 16.5°C at the transition zone) were lower than all other
run-of-the-river sampling sites except at Tellico Reservoir forebay.

In spite of the thermal stratification, little oxygen stratification and no hypolimnetic anoxia were
found in Melton Hill Reservoir in 1993. Minimum DO's measured in the summer of 1993 were 4.3 mg/1 on
the bottom at the forebay in July; and 6.5 mg/l on the bottom at the transition zone in September. DO's at
the 1.5m depth in Melton Hill Reservoir in the summer of 1993, ranged from a high of 11.5 mg/1 in May
and June to a low of 9.3 mg/l in September at the forebay; and from 10.8 mg/I in April to 7.6 mg/I in
September at the transition zone. Average summer DO's (= 9.1 mg/I) and percent oxygen saturation values
(= 92 percent) were higher at the Melton Hill transition zone than any other reservoir Vital Signs sampling
site in 1993. DO ratings used in the overall reservoir ecological health evaluation for Melton Hill Reservoir
were excellent at both the forebay and the transition zone.

The Clinch River flows through the Valley and Ridge physiographic province, a region underlain
by large amounts of limestone and dolomite. Consequently, Melton Hill Reservoir has relatively high pH
and conductance; in fact, the highest among the run-of-the-river reservoirs. In the summer of 1993, pH
ranged from 7.3 to 8.8 and conductivity ranged from 223 to 272 Wnhos/cm and averaged about
255 gamhos/cm in Melton Hill Reservoir. At the forebay, near surface water p1-s exceeded 8.5 each month
from May through August, coincident with DO super-saturation values (>110%), and indicative of
photosynthetic activity. Tennessee's maximum pH criteria for the protection of fish and aquatic life is 8.5.

Average nitrite plus nitrate-nitrogen concentrations were quite high in Melton Hill Reservoir. As in
past years, the 1993 average concentration at the transition zone (0.56 mg/I) was the highest nitrite plus
nitrate-nitrogen among all Vital Signs locations sampled.

Dissolved ortho phosphorus concentrations (the only form of phosphorus assimilated by algal cells)
averaged only about 0.003-0.004 mg/I at the forebay and transition zone, respectively, among the lowest
measured at run-of-the-river sampling sites in 1993. Further, TN/TP ratios were often high (>50)
indicating frequent episodes of phosphorus limitation to algal productivity in Melton Hill Reservoir.
Consequently, average summer chlorophyll a concentrations of 5.3 jig/1 at the forebay and 4 jig/l at the
transition zone, may reflect a limiting nutrient effect. The highest chlorophyll a concentrations measured
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were 6-7 gg/l at both the transition zone and the forebay. The chlorophyll a ratings used in the 1993
ecological health evaluation for Melton Hill Reservoir were "good" (i.e., falling in the 3 to 10 gg/l range),
at both locations; just above the level considered fair (i.e., less than 3 gtg/l).

The water clarity (Secchi depth, suspended solids, color, etc.) of Melton Hill Reservoir was
comparatively high and measurements were generally stable throughout the year, being largely influenced
by discharges from Norris Dam rather than localized rainfall runoff events.

Sediment-Chemical analyses of sediments in Melton Hill Reservoir in 1993 indicated the
presence of chlordane in one of two forebay samples (25 •g/kg) and also in the transition zone (32 pg/kg)
sample. Toxicity tests detected no acute toxicity to the two organisms tested. Particle size analysis showed
sediment in the forebay were 99 percent silt and clay and from the transition zone were 90 percent silt and
clay.

Sediment quality ratings used in the overall Melton Hill Reservoir ecological health evaluation for
1993 were "good" at both the forebay and the transition zone (presence of chlordane).

Benthic Macroinvertebrates-The 1993 benthic communities at all three sites on Melton Hill
declined from 1992. The forebay and inflow had a poor benthic macroinvertebrate community and the
transition zone had a very poor benthic community. Melton Hill forebay had 16 taxa and 363

2organisms/m , a decrease in both diversity and dominance from 1992. The benthic community was
dominated by Chironomus sp (49 percent) and Tubificidae 17 percent. The transition zone had 362

organisms/m2 representing 21 taxa, predominately Tubificidae (36 percent) and Chironomus (27 percent).
2The inflow location had the greatest abundance (1,649 organisms/m ) and diversity (29 taxa) of all

locations sampled on Melton Hill. There was a substantial increase in diversity and density in the inflow
compared to the previous year. Tubificidae (49 percent) and Paratendipes (17 percent) were the dominant
organisms at this site.

Several factors contributed to the poor benthic communities found on Melton Hill Reservoir. Three
factors that negatively impacted all three locations were a preponderance of chironomids, and low numbers
of EPT and long-lived taxa. The problems were further compounded at the transition and inflow sites
because of decreased diversity and inflated numbers of tubificids.

Aquatic Macrophytes-An estimated 240 acres of aquatic macrophytes occurred.on Melton Hill
Reservoir in 1993. Eurasian watermilfoil was the dominant aquatic plant and was most abundant from
CRM 24 to 51. Coverage over the past decade has generally ranged from about 100 to 250 acres.

Fish Community-Electrofishing (45 transects) and gill netting efforts (34 net-nights) on Melton
Hill Reservoir produced a total of 2;437 fish representing.42 species. Gizzard shad was the most numerous
species (56 percent of the total number of fish sampled), followed in abundance by yellow bass (8 percent),
largemouth bass (5 percent), carp (5 percent), and bluegill (4 percent). The threadfin shad YOY catch rate
(CPUE=335 per 300m electrofishing transect) was moderate in the forebay zone of Melton Hill Reservoir
and insignificant in the transition and inflow areas. Overall fish abundance was much the same in the
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forebay (1,172) and transition (1,108) zones but substantially less in the inflow (157). Fewer species were
also collected from the inflow zone (16) than the forebay (28) or transition zone (36).

The Reservoir Fish Assemblage Index (RFA) rated the littoral fish community (based on results of
electrofishing samples) fair in the transition (RFAI=32), poor in the inflow (RFAI=22), and very poor in
the forebay (RFAI= 18) zones of Melton Hill Reservoir. The very poor rating in the forebay, which
represented the lowest RFAI score for all run-of-the-river forebays, resulted from minimum scores for all
metrics except number of sucker and intolerant species. The gill netting RFAI rated both the forebay
(RFAI=38) and transition (RFAI=40) zones fair. The only extreme difference between the two zones in
metric scoring resulted from higher numbers of lithophilic spawning species in the transition. Gill netting
RFAI values were not calculated for inflow zones of run-of-the-river reservoirs due to low numbers of
replicate samples.

Combined electrofishing and gill netting RFA scores rated the transition zone (RFAI=36) fair. The
poor RFAI's of 28 and 22 in the forebay and inflow zones, respectively, were the lowest recorded for
comparable zones of run-of-the-river reservoirs in 1993. (Note: Results from biomonitoring on Melton Hill
Reservoir like Tellico, were compared to results from mainstream reservoirs due to similar operational
characteristics. These reservoirs lack deep drawdown which occurs in storage impoundments and have a
navigation lock.)

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-No bacteriological studies were conducted at recreation areas in 1993.
The April fecal coliform bacteria concentrations at the Vital Signs locations were 113 and 191/100 ml at
the forebay and transition zone, respectively. All other concentrations were <20/100 ml.

Fish Tissue-PCB contamination in catfish from Melton Hill Reservoir has been under study for
several years. Because of this contamination, the TDEC has advised the public not to eat these catfish.
TVA participates on a study team with TDEC, TWRA, and ORNL to investigate PCBs and other
contaminants in fish from east Tennessee Reservoirs. In 1992 ORNL collected and analyzed channel
catfish from the forebay, while channel catfish from near the transition zone and inflow were collected and
analyzed by TVA. Average PCB concentrations from these same locations were 0.8, 1.0, and 0.5 4g/g,
respectively, and average chlordane concentrations were 0.07, 0.10, and 0.05 pig/g, respectively.
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the forebay (RFAI=18) zones of Melton Hill Reservoir. The very poor rating in the forebay, which 
represented the lowest RF AI score for all run-of-the-river forebays, resulted from minimum scores for all 
metrics except number of sucker and intolerant species. The gill netting RF AI rated both the forebay 
(RFAI=38) and transition (RFAI=40) zones fair. The only extreme difference between the two zones in 
metric scoring resulted from higher numbers of lithophilic spawning species in the transition. Gill netting 
RF AI values were not calculated for inflow zones of run-of-the-river reservoirs due to low numbers of 
replicate samples. 

Combined electrofishing and gill netting RFAI scores rated the transition zone (RFAI=36) fair. The 
poor RF AI's of 28 and 22 in the forebay and inflow zones, respectively, were the lowest recorded for 
comparable zones of run -of-the-river reservoirs in 1993. (Note: Results from biomonitoring on Melton Hill 
Reservoir like Tellico, were compared to results from mainstream reservoirs due to similar operational 
characteristics. These reservoirs lack deep drawdown which occurs in storage impoundments and have a 
navigation lock.) 

Summary of 1993 Conditions - Use Suitability 

Fecal Coliform Bacteria-No bacteriological studies were conducted at recreation areas in 1993. 
The April fecal coliform bacteria concentrations at the Vital Signs locations were 113 and 1911100 mI at 
the forebay and transition zone, respectively. All other concentrations were <20/100 mI. 

Fish Tissue-PCB contamination in catfish from Melton Hill Reservoir has been under study for 
several years. Because of this contamination, the TDEC has advised the public not to eat these catfish. 
TVA participates on a study team with TDEC, lWRA, and ORNL to investigate PCBs and other 
contaminants in fish from east Tennessee Reservoirs. In 1992·0RNL collected and analyzed channel 
catfish from the forebay, while channel catfish from near the transition zone and inflow were collected and 
analyzed by TVA. Average PCB concentrations from these same locations were 0.8, 1.0, and 0.5 ~g, 
respectively, and average chlordane concentrations were 0.07,0.10, and 0.05 ""gig, respectively. 
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Emory River Stream Monitoring Site

Summary of 1993 Conditions - Ecological Health

Water-The water of the Emory River is soft (average hardness of 24 mg/1) and slightly alkaline
(average total alkalinity of 16 mg/1). The median pH for the stream monitoring site was 7.5. The river was
well oxygenated with dissolved oxygen levels ranging from 88 to 102 percent of saturation.

Of the 12 stations monitored in the Tennessee Valley, the Emory River had the lowest
concentrations of nitrate+nitrite-nitrogen (0.10 mg/I), total phosphorus (0.020 mg/1), and dissolved
orthophosphate (0.002 mg/I). The low organic nitrogen (0.195 mg/l) and ammonia nitrogen (0.002 mg/I)
concentrations were in the lower third of all stations. The good total phosphorus and nitrate+nitrite-nitrogen
concentrations, in particular, contributed to a good nutrient rating for the station.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and
total copper and zinc) were performed bi-monthly. Dissolved cadmium (5 of 6 samples), dissolved nickel (2
of 6 samples) and zinc were detected. All were within EPA guidelines for the protection of aquatic life and
human health.

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals,
PCBs, or pesticides exceeding the EPA guidelines. This is a significant improvement over 1992 when
sediment quality rated poor.

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrate community rated fair with a
Modified Benthic Index of Biotic Integrity (MBIBI) score of 39, with 102 taxa and 4,308 organisms/mi
Conditions in 1992 also rated fair (MBIBI score 38) with 77 taxa and 3,137organisms/m2. Benthic

organisms have essentially remained unchanged between sampling years with the exception of a 25 percent
increase in total taxa reported in the qualitative sample. Dominant organisms in 1993 were dipteran midge
larvae (62 percent), coleopteran riffle beetles (13 percent), and caddisflies (10 percent). Dipteran midge
larvae was also the most dominant organism in 1992 (56 percent), followed by caddisflies (14 percent) and
mayflies (12 percent). Siltation from coal mining practices in the Emory River watershed are a continuing
problem for benthic organisms at this site.

Fish Community Assessment-The fish community rated good with an Index of Biotic Integrity
(IBI) score of 52, improving from the borderline good (IBI = 46) rated in 1992. The 1993 fish sample
contained no hybrids and fewer diseased fish, and had a slightly increased fish density suggesting less
stressful conditions for fish since 1992. Minor problems, however, continued to be seen in species
composition and trophic structure. A contributing factor of stress on fish at this station is naturally-
occurring low flow (usually less than 50 cfs) during mid to late summer. Low flow reduces fish habitat,
reduces the river's ability to assimilate pollutants, and generally makes the aquatic fauna more vulnerable to
environmental degradation.
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97 



Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-There were no bacteriological studies conducted on the Emory River in
1993.

Fish Tissue-A five fish composite each of carp, channel catfish, and largemouth were collected
during summer 1992 and analyzed for selected metals, pesticides, and PCBs. Mercury was detected in all
three samples but at concentrations which would not be considered elevated. Chlordane was detected at low
concentrations in two samples, and PCBs were found in all samples (carp 0.4 pg/g; channel catfish
1.2 pgg/g; and largemouth bass 0.6 gig/g). Additional catfish and largemouth bass were collected in summer
1993, but results were not available at the time this report was prepared.
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Norris Reservoir

Summary of 1993 Conditions - Ecological Health

Water-Surface water temperature ranged, for the months it was measured (April-October), from
12.6 0C in April to 29.8°C in July in the forebay, from 14.9°C to 30.0°C for the same months at the Clinch
mid-reservoir sampling location, and from 14.6°C to 30. PIC for the same months at the Powell mid-
reservoir sampling location. Thermal stratification was evident in Norris Reservoir in 1993. While this
stratification was evident in April, when the first measurements for the year were made, it became much
stronger beginning in May, due to drastically decreased streamflow combined with solar heating. Maximum
surface to bottom water column temperature differentials occurred in July, when the surface temperatures
were about 220C warmer than bottom temperatures in the forebay, and about 19TC at the mid-reservoir
sampling locations. The strong thermal stratification in Norris Reservoir persisted through October for the
forebay, and through September for the mid-reservoir locations.

Dissolved oxygen at the 1.5m depth ranged from 9.7 mg/l in May to 7.4 mg/1 in September at the
forebay, from 10.8 mg/l in April to 7.0 mg/l in August at the Clinch mid-reservoir sampling location, and
from 10.2 mg/I in May to 6.7 mg/l in October at the Powell mid-reservoir sampling location. During the
summer of 1993, (as in past summers) anoxic conditions developed at all three sampling locations on
Norris Reservoir. At the mid-reservoir sampling locations, dissolved oxygen concentrations near the bottom
were approximately 0 mg/l in July, August, and September. Further, in August this anoxia development
resulted in hypolimnetic dissolved oxygen concentrations being less than 1 mg/I over approximately two-
thirds of the water column depths in the mid-reservoir sampling locations. For the forebay, anoxic
conditions existed at the bottom in September and October.

DO ratings used in the overall reservoir ecological health evaluation for Norris Reservoir were
poor at the forebay and very poor at the mid-reservoir sampling locations. The forebay DO rating was poor
because approximately 10 percent of the cross-sectional area (six-month summertime average) of the
forebay had a dissolved oxygen concentration less than 2.0 mg/l; anoxic bottom conditions existed; and,
over 20% of this site's cross-sectional bottom length (six-month summertime average) had a dissolved
oxygen concentration less than 2.0 mg/l. The mid-reservoir sites both received very poor ratings for
dissolved oxygen because of even poorer DO conditions. At both sites over 20 percent of the cross-
sectional areas (six-month summertime average) had a dissolved oxygen concentration less than 2.0 mg/l;
both had anoxic bottom conditions; and both had over 50 percent of each site's cross-sectional bottom
length (six-month summertime average) with dissolved oxygen concentrations less than 2.0 mg/l.

In 1993, values of pH in Norris Reservoir ranged from 7.0 to 8.7 for the three monitoring
locations. Surface water pH values slightly exceeded 8.5 (Tennessee's maximum pH criteria for the
protection of fish and aquatic life is 8.5) at the forebay in August, at the Clinch mid-reservoir location in
June, and at the Powell mid-reservoir location in May and June. In each of these cases, dissolved oxygen
saturation concentrations were high (>100 percent), which indicates substantial photosynthetic activity.
The conductivity of the water in Norris Reservoir is among the highest of all the reservoirs in the Tennessee
River drainage. Reservoir-wide, conductivities ranged from 172 to 382 pmhos/cm. They averaged
244 prnilos/cm at the forebay, 277 pmuhos/cm at the Clinch mid-reservoir sampling location, and
295 pmhos/cm at the Powell mid-reservoir sampling location.
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Summary of 1993 Conditions - Ecological Health 
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Concentrations of nutrients were very low, which is typical for Norris Reservoir. Average total
phosphorus (TP) and dissolved ortho phosphorus (DOP) were especially low reservoir-wide. At the
forebay, both TP and DOP averaged less than 0.002 mg/I and were among the lowest average total
phosphorus concentrations measured in 1993. Further, TN/TP ratios for individual samples often exceeded
100 at all Norris sampling sites, which indicates extremely limiting phosphorus conditions on algal
productivity in the reservoir.

Concentrations of chlorophyll a averaged only 1.7 Rg/I at the forebay, 4.1 lpg/1 at the Clinch mid-
reservoir sampling location, and 3.6 pg/l at the Powell location. The chlorophyll a ratings used in the 1993
ecological health evaluation for Norris Reservoir were fair at the forebay (i.e. less than 3 Wg/1) and good
(i.e. falling in the 3 to 10 pg/I range), at both mid-reservoir locations; just above the level considered fair

(i.e. less than 3 pLg/l).
The water of Norris Reservoir, especially in the forebay area has historically been quite clear.

However, Norris Reservoir forebay in 1993 was less clear than 1992 with an average Secchi depth of 2.5
meters. The Clinch mid-reservoir Secchi depth was slightly clearer than in 1992, averaging 2.5 meters, and
the Powell was about the same, averaging 2.2 meters.

Sediment-As in 1990-92, chemical analyses of sediments in Norris Reservoir in 1993 found high
levels of lead (76 mg/kg) in the forebay, and elevated levels of un-ionized ammonia in both the Clinch
(375 pg/I) and Powell (370 pig/l) mid-reservoir regions. Toxicity tests detected no acute toxicity to the two
organisms tested. Particle size analysis showed sediments from the forebay were about 100 percent silt and
clay; from the Clinch mid-reservoir were about 95 percent silt and clay; and from the Powell mid-reservoir

were 98 percent silt and clay.
Sediment quality ratings used in the overall Norris Reservoir ecological health evaluation for 1993

were good at the forebay (presence of lead); and good at both of the mid-reservoir sites (presence of
ammonia).

Benthic Macroinvertebrates-Among the three reservoir monitoring locations on Norris
Reservoir, the Powell River mid-reservoir site had the highest number of benthic taxa (23) and greatest

* density (1,887 organisms/m2), and received the best overall benthic rating of good. The dominant taxa were
Tubificidae (39 percent), Limnodrilus sp (21 percent) and Chironomus sp (22 percent). The forebay and

Clinch River mid-reservoir site both had fair benthic communities. The forebay site had 16 taxa and 751
organisms/m2; Tubificidae, the dominant taxon, comprised 56 percent of the total, followed by Corbicula

fluminea (26 percent). The Clinch River mid-reservoir location had 1,214 organisms/m2 representing 17
taxa and was dominated by Tubificidae (52 percent) and Chironomus sp (36 percent).

The Norris forebay could have achieved a good rating had it not been for the abundance of
tubificids and the dearth of EPT taxa. These negative influences were offset by the abundance of long-lived
taxa and low numbers of chironomids. The Powell River site, which received a good rating, scored well
because of its diversity and evenness of the dominant taxa. All other metrics evaluated were fair. The
Clinch River site had an average benthic community primarily because all metrics evaluated received only a
fair score. The only metric that rated very low was the dominance metric; in this instance, Tubificidae
comprised an overwhelmingly large percentage of the total organisms collected.
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Fish Assemblage-The fish samples from the littoral (45 electrofishing transects) and profundal
areas (36 net-nights) of Norris Reservoir produced a total of 1,602 individuals representing 29 species.
Highest concentrations of fish were found in the Clinch River transition zone (43 percent of total fish
sampled) due to the abundance of walleye in the gill netting sample (10 per net night) and black basses
(smallmouth, spotted, and largemouth) in the electrofishing sample (9 per 300m transect). The forebay
electrofishing catch rate (CPUE=15 per 300m transect) was the lowest recorded among all tributary
reservoir forebays. The forebay gill netting catch rate (CPUE=7 per net night) was the second lowest
recorded (Parksville forebay was the lowest). Twenty-five species were collected at both transition zones
and 16 in the forebay.

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish community (based on results of
electrofishing samples) good in the Powell River transition (RFAI=46) zone and fair in both the Clinch
River transition (RFAI=40) and forebay (RFAI=34) zones. The higher RFAI in the Powell River transition
zone was influenced by maximum metric scores for diversity, number of piscivore, sucker, intolerant, and
lithophilic spawning species, percent tolerant species and dominance by a single species. Both the Powell
and Clinch rivers received gill netting RFAI values of 50 classifying them good. The forebay (RFAI=28)
was poor; only one metric (percent anomalies) had a maximum score in the forebay of Norris; all other
scores were either minimum or midrange. Combined electrofishing and gill netting RFAI scores for both the
Clinch (RFAI=45) and Powell (RFAI=48) river transitions were rated good, followed by a fair rating in the
forebay (RFAI=3 1).

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-Two swimming beaches, one boat ramp, and one site upstream and
another downstream of the Jacksboro sewage treatment plant were tested for fecal coliform bacteria twelve
times each in 1993. Two samples at each site were collected within 48-hours of rainfall of at least one-half
inch. Bacteria concentrations at all five sites were very low (geometric mean <20/100 ml).

Fish Tissue-Fish tissue samples for screening studies were collected on Norris Reservoir in
autumn 1992. All analytes were low except for PCBs, which were highest at the forebay where the
concentration was 0.9 pg/g. Concentrations at the other two locations were low. Screening samples were
collected again in autumn 1993 to further evaluate PCB concentrations but results were not available at the
time this report was prepared.

103

Fish Assemblage-The fish samples from the littoral (45 electrofishing transects) and profundal 
areas (36 net-nights) of Norris Reservoir produced a total of 1,602 individuals representing 29 species. 
Highest concentrations offish were fourid in the Clinch River transition zone (43 percent of total fish 
sampled) due to the abundance of walleye in the gill netting sample (10 per net night) and black basses 
(smallrnouth, spotted, and largemouth) in the electrofishing sample (9 per 300m transect). The forebay 
electrofishing catch rate (CPUE=15 per 300m transect) was the lowest recorded among all tributary 
reservoir forebays. The forebay gill netting catch rate (CPUE=7 per net night) was the second lowest 
recorded (Parksville forebay was the lowest). Twenty-five species were collected at both transition zones 
and 16 in the forebay. 

The Reservoir Fish Assemblage Index (RF AI) rated the littoral fish community (based on results of 
electrofishing samples) good in the Powell River transition (RF AI==46) zone and fair in both the Clinch 
River transition (RF AI==40) and forebay (RF AI=34) zones. The higher RF AI in the Powell River transition 
zone was influenced by rnaxirnum rnetric scores for diversity, number ofpiscivore, sucker, intolerant, and 
JithopbiJic spawning species, percent tolerant species and dominance by a single species. Both the Powe)) 
and Clinch rivers received gill netting RF AI values of 50 classifying them good. The forebay (RF AI=28) 
was poor; only one rnetric (percent anornalies) had a maximum score in the forebay of Norris; all other 
scores were either minimum or midrange. Combined electrofisbing and gill netting RF AI scores for both the 
Clinch (RF AI==45) and Powell (RF AI=48) river transitions were rated good, followed by a fair rating in the 
forebay (RFAI=31). 

Summary of 1993 Conditions - Use Suitability 

Fecal Coliform Bacteria-Two swimming beaches, one boat ramp, and one site upstream and 
another downstream of the Jacksboro sewage treatment plant were tested for fecal coliform bacteria twelve 
times each in 1993. Two samples at each site were collected within 48-hours of rainfall of at least one-half 
inch. Bacteria concentrations at all five sites were very low (geometric rnean <20/100 rnI). 

Fish Tissue-Fish tissue samples for screening studies were collected on Norris Reservoir in 
autumn 1992. All analytes were low except for PCBs, which were highest at the forebay where the 
concentration was 0.9 Ilg!g. Concentrations at the other two locations were low. Screening samples were 
collected again in autumn 1993 to further evaluate PCB concentrations but results were not available at the 
time this report was prepared. 

103 



104104 



Clinch River Stream Monitoring Site

Summary of 1993 Conditions - Ecological Health

Water-The water of the Clinch River is moderately hard (average hardness of 147 mg/i) and
alkaline (average total alkalinity of 120 mg/I). The median pH for the stream monitoring site was 8.0. The
river was well oxygenated with dissolved oxygen levels ranging from 81 to 106 percent of saturation.

Of the 12 streams monitored across the Tennessee Valley, the Clinch River ranked among the
lowest in average concentrations of ammonia nitrogen (0.015 mg/i) and dissolved orthophosphate
(0.003 mg/l). It ranked just below the median in average concentrations of organic nitrogen (0.198 mg/1),
nitrate+nitrite-nitrogen (0.30 mg/l), and total phosphorus (0.020 mg/1). The low concentrations of total
phosphorus and nitrate+nitrite-nitrogen yielded a good nutrients rating for the station.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and
total copper and zinc) were performed bi-monthly. Dissolved cadmium was detected in 4 of 6 samples, but
did not exceed the EPA guidelines for the protection of aquatic life and human health.

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals,
PCBs, or pesticides exceeding the EPA guidelines. This is an improvement over 1992 when sediment
quality rated fair.

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrate results rated good with a
Modified Benthic Index of Biotic Integrity (MBIBI) score of 53, with 83 taxa and 2,726 orianisms/m2.
Conditions in 1992 also rated good (MBIBI score 50) with 85 taxa and 3,326 organisms/m . The Clinch
River is rated the best among the 12 stream monitoring sites. The benthic fauna in 1993 was composed
mostly of river snails (33 percent), nutrient tolerant oligochaeta worms (16 percent), and mayflies
(14 percent). Mayflies were the dominant organism in 1992 (46 percent), followed by river snails
(13 percent) and coleopteran riffle beetles (9 percent). Overall, conditions remain unchanged between
sampling years.

Fish Community Assessment-The fish community rated good with an Index of Biotic Integrity
(IBI) of 50 in 1993, showing no change since 1992. Minor problems were seen in species composition,
trophic structure, and fish condition. The fish assemblage was basically intact with a good number of
native species and a healthy compliment of darter, sucker, and intolerant species. Trophic structure was
good at the lower levels, as most fish found were specialized insectivores. Fish density was also at a normal
level. Detrimental conditions observed at this station included occasional bank erosion and siltation.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-The weir downstream of Norris Dam and the canoe launch site
downstream of the weir were tested for fecal coliform bacteria twelve times each in 1993. Two samples
were collected within 48 hours of rainfall of at least one-half inch. The geometric mean of fecal coliform
bacteria concentrations were very low (<20/100 ml)at both sites.
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Clinch River Stream Monitoring Site 

Summary of 1993 Conditions - Ecological Health 
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Fish Tissue-A five fish composite each of carp, channel catfish, and largemouth bass were
collected during summer 1992 and analyzed for selected metals, pesticides, and PCBs. All analytes were
not detected or found in low concentrations.
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Powell River Stream Monitoring Site

Summary of 1993 Conditions - Ecological Health

Water-The water of the Powell River is moderately hard to hard (average hardness of 150 mg/I)
and alkaline (average total alkalinity of 125 mg/l). The median pH for the stream monitoring site was 8.0.
The river was well oxygenated with dissolved oxygen levels ranging from 88 to 105 percent of saturation.

Of the 12 streams monitored across the Tennessee Valley, the Powell River ranked in the lower
half in concentrations of nutrients. The average ammonia nitrogen concentration (0.013 mg/I) was the
lowest for the network. The good average total phosphorus (0.035 mg/I) and nitrate+nitrite-nitrogen
(0.47 mg/1), in particular, yielded a good rating for nutrients at the site.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and
total copper and zinc) were performed bi-monthly. Dissolved cadmium (5 of 6 samples) and dissolved
nickel (1 of 6 samples) were detected. Neither metal exceeded the EPA guidelines for the protection of
aquatic life or human health. Additional metals analyses included total and dissolved forms of iron and
manganese. Total iron exceeded the EPA guideline for combined consumption of fish and water in one
sample. Total manganese was detected in 4 of 6 samples, but none exceeded EPA guidelines.

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals,
PCBs, or pesticides exceeding the EPA guidelines. This is a significant improvement over 1992 when

sediment quality rated poor.

Benthic Macroinvertebrates-In 1993, the benthic macroinvertebrate community rated good with
2a Modified Benthic Index of Biotic Integrity (MBIBI) score of 47, with 94 taxa and 2,586 organisms/mi

Conditions in 1992 rated fair (MBIBI score 42) with 66 taxa and 2,167 organisms/m2. Dominant
organisms in 1993 were dipteran midge larvae (27 percent), river snails (24 percent), and coleopteran riffle
beetles (16 percent). River snails were the most dominant group in 1992 (43 percent), followed by dipteran
nidge larvae (24 percent) and the Asian clam Corbicula (10 percent). Overall, conditions improved from
fair to good over the previous year.

Fish Community Assessment-Meaningful improvement was seen in the fish community in 1993.
Ratings of good were found for both 1993 and 1992, however the Index of Biotic Integrity (IBI), on which
the ratings are based, increased from 48 in 1992 to 56 in 1993 and was approaching an excellent rating.
Improvement was seen in species richness and composition, trophic structure, and fish density. Only slight
deficiencies in number of darter species and proportion of piscivorous fish prevented a higher rating.
Accumulations of sand, coal, and gravel were observed in some pool areas, but apparently were not a
major problem for the fish community.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-No fecal coliform bacteria samples were collected and analyzed above
the stream monitoring site.
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Summary of 1993 Conditions - Ecological Health 

Water-The water of the Powell River is moderately hard to hard (average hardness of 150 mg/l) 

and alkaline (average total alkalinity of 125 mgll). The median pH for the stream monitoring site was 8.0. 

The river was well oxygenated with dissolved oxygen levels ranging from 88 to 105 percent of saturation. 

Of the 12 streams monitored across the Tennessee Valley, the Powell River ranked in the lower 

halfin concentrations of nutrients. The average ammonia nitrogen concentration (0.013 mg/l) was the 

lowest for the network. The good average total phosphorus (0.035 mg/l) and nitrate+nitrite-nitrogen 

(0.47 mgll), in particular, yielded a good rating for nutrients at the site. 

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and 

total copper and zinc) were performed bi-monthly. Dissolved cadmium (5 of 6 samples) and dissolved 

nickel (1 of 6 samples) were detected. Neither metal exceeded the EPA guidelines for the protection of 

aquatic life or human health. Additional metals analyses included total and dissolved forms of iron and 

manganese. Total iron exceeded the EPA guideline for combined consumption of fish and water in one 

sample. Total manganese was detected in 4 of 6 samples, but none exceeded EPA guidelines. 

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals, 

PCBs, or pesticides exceeding the EPA guidelines. This is a significant improvement over 1992 when 

sediment quality rated poor. 

Benthic Macroinvertebrates-In 1993, the benthic macroinvertebrate community rated good with 

a Modified Benthic Index of Biotic Integrity (MBIBI) score of 47, with 94 taxa and 2,586 organisms/m2. 

Conditions in 1992 rated fair (MBIBI score 42) with 66 taxa and 2,167 organisms/m2. Dominant 

organisms in 1993 were dipteran midge larvae (27 percent), river snails (24 percent), and coleopteran riffle 

beetles (16 percent). River snails were the most dominant group in 1992 (43 percent), followed by dipteran 

midge larvae (24 percent) and the Asian clam Corbicula (10 percent). Overall, conditions improved from 

fair to good over the previous year. 

Fish Community Assessment-Meaningful improvement was seen in the fish community in 1993. 

Ratings of good were found for both 1993 and 1992, however the Index of Biotic Integrity (lBI), on which 

the ratings are based, increased from 48 in 1992 to 56 in 1993 and was approaching an excellent rating. 

Improvement was seen in species richness and composition, trophic structure, and fish density. Only slight 

deficiencies in number of darter species and proportion of piscivorous fish prevented a higher rating. 

Accumulations of sand, coal, and gravel were observed in some pool areas, but apparently were not a 

major problem for the fish community. 

Summary of 1993 Conditions - Use Suitability 

Fecal Coliform Bacteria-No fecal coliform bacteria samples were collected and analyzed above 

the stream monitoring site. 
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Fish Tissue-A five fish composite each of freshwater drum, channel catfish, and largemouth bass
were collected during summer 1992 and analyzed for selected metals, pesticides, and PCBs. All analytes
were not detected or found in low concentrations.
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Tellico Reservoir

Summary of 1993 Conditions - Ecological Health

Water-Fairly strong thermal stratification persisted from April through September 1993 at both
the forebay and transition zone. From June through August, temperature differentials between the water
surface and bottom equaled or exceeded 11C at the forebay and 1 0°C at the transition zone. These
differentials were due to a combination of atmospheric warming of surface water-intensified by the low
streamflows in April and May and the intrusion of surface waters from Fort Loudoun forebay-contrasted
with the inflow of cool bottom water from the releases of Chilhowee Dam upstream. Surface water
temperatures ranged from lows in April to highs in July (i.e. from 16. 1C to 28.0°C at the forebay and
from 16.3 0C to 29.50C at the transition zone). Water in Tellico Reservoir was relatively cool, particularly
at the transition zone which was influenced by the releases from Chilhowee Dam. Summer temperatures
averaged 16.5°C and 17.5°C at the forebay and transition zone, respectively, among the lowest
temperatures for run-of-the-river Vital Signs sampling sites in 1993.

DO at the 1.5m depth ranged from a high of 11.4 mg/I in April to a low of 6.8 mg/1 in September
at the forebay; and from 10.6 mg/I to 8.1 mg/1 (for the same months) at the transition zone. From June
through September a persistent oxycline was present in the forebay. Differences between surface and
bottom DO concentrations were 5 to 9 mg/l, and near bottom concentrations were less than 1 mg/ in
August and September. This near bottom, cool, low DO water was very low in conductivity
(<50 pimhos/cm). This suggests that cool water, which is fairly high in DO when it is released from
Chilhowee Dam, becomes trapped in the hypolimnion of Tellico Reservoir and is slowly depleted of oxygen
content during the summer. The minimum DO was 4.1 mg/I in July, on the bottom at the transition zone.
DO ratings used in the overall reservoir ecological health evaluation for Tellico Reservoir were fair at the
forebay (due to the hypolimnetic anoxia in August and September) and excellent at the transition zone.

The Little Tennessee River drains through the Blue Ridge physiographic province-a
mountainous, largely forested region underlain, for the most part, by crystalline rocks. The upper slopes of
the watershed have generally thin soils and weathered rock. In addition, the underlying rocks, broadly
speaking are siliceous and not easily dissolved. Surface drainage is rapid, and consequently, the water of
the Little Tennessee River (and Tellico Reservoir) are quite soft, low in pH and conductivity, and low in
nutrients.

In 1993, Tellico Reservoir pH values ranged from 6.0 to 8.9. Near surface pH's exceeded 8.5 at
the forebay in June and July and at the transition zone in July, coincident with DO. super-saturation values
indicative of photosynthetic activity. Values of pH in Tellico Reservoir were the lowest of any of the run-
of-the-river Vital Signs reservoirs, averaging 7.0 at both the forebay and transition zone. Values of pH
below the Tennessee minimum criterion of 6.5 for fish and aquatic life were observed in the hypolimnion of
Tellico Reservoir at both the forebay and transition zone in 1993.

The conductivity of water in Tellico Reservoir was also quite low, averaging about 35 pmhos/cm
at the transition zone and 65 pmnhos/cm at the forebay. Mixing of forebay surface waters between Fort
Loudoun and Tellico reservoirs via the inter-reservoir canal influences water quality and causes the higher
measured conductivity at Tellico forebay compared with Tellico transition zone.
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Total nitrogen concentrations were low and averaged only 0.33 mg/i at the forebay and 0.22 mg/I
at the transition zone. Dissolved ortho phosphorus concentrations (the only form of phosphorus assimilated
by algal cells) were also quite low, averaging only 0.003 mg/i at the forebay and transition zone. Together,
these nutrient concentrations were among the lowest measured concentrations at Vital Signs Monitoring
locations in 1993; and consequently, primary productivity could be expected to be limited much of the time.

Average summer chlorophyll a concentrations were 7 ptg/1 at the forebay and 3 ZAg/1 at the
transition zone. The highest single sample chlorophyll a concentrations measured in 1993 were 9 Wg/1 at the
forebay and only 6 pg/i at the transition zone. The chlorophyll a ratings used in the 1993 ecological health
evaluation for Tellico Reservoir were good (i.e. falling in the 3 to 10 ptg/l range), at both locations; just
above the level considered fair (i.e. less than 3 Jtg/l).

Water clarity data (as measured by Secchi depth, suspended solids, color, etc.) was comparatively
high with little relative variation throughout the year. This is because inflows to Tellico Reservoir are
primarily a result of Chilhowee Dam discharges which are of high clarity and low color, rather than rainfall
runoff events.

Sediment-Samples for toxicity testing and chemical analyses were collected at three sites in
Tellico Reservoir in 1993: the forebay (LTRM 1.0); and two transition zone locations (LTRM 15.0,
downstream of the confluence of the Tellico River, and LTRM 21.0, upstream of the confluence of the
Tellico River). Chemical analyses of sediments in Tellico Reservoir in 1993 indicated the presence of
chlordane in the forebay (21 pg/kg) and in one of two transition zone (LTRM 15.0) samples (16 pg/kg).
Toxicity tests detected acute toxicity to daphnids (0 percent survival) at all sampling sites tested; however,
for the first time since 1990, toxicity to rotifers was not detected. Particle size analysis showed sediments
from the forebay were about 97 percent silt and clay; from LTRM 15.0 transition zone were 91 percent silt
and clay; and from LTRM 21.0 transition zone were about 66 percent silt and clay, 34 percent sand.

Sediment quality ratings used in the overall Tellico Reservoir ecological health evaluation for 1993
were poor at the forebay (acute toxicity to test animals and presence of chlordane); poor at the transition
zone site-LTRM 15.0 (acute toxicity to test animals and presence of chlordane). Information from the
transition zone site at LTRM 21:0 was not included in the overall ecological health rating.

Benthic Macroinvertebrates-The benthic community in Tellico Reservoir in 1993 rated poor at
both the forebay and transition zone. The forebay zone had 17 taxa and 433 organisms/m2 dominated by
Tubificidae (65 percent of the total), which is very similar to the benthic community observed the previous
year. The transition zone had 13 taxa and 320 organisms/m2 . As in 1992, Tubificidae was the dominant
taxon (28 percent) and the chironomid Zalutschia zalutschicoia was the second most abundant (18 percent).

Reduced diversity, few EPT taxa, and an abundance of tubificids resulted in the forebay and
transition zone communities receiving poor ratings were .The transition zone was further impacted because
relatively few long-lived taxa were present.

Aquatic Macrophytes-The 246 acres of aquatic macrophytes on Tellico Reservoir were most
abundant in the Tellico River portion (between miles 1 and 13) of the reservoir and along the Little
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Tennessee River portion from LTRM 9 to 15. Eurasian watermilfoil was the dominant submersed
macrophyte on Tellico Reservoir.

Fish Assemblage-Electrofishing (30 transects) and gill netting samples (24 net-nights) in the
transition zone and forebay produced 1,498 individuals of 36 species. More fish (66 percent) as well as
more species (31 compared to 29) were found in the forebay than in the transition zone. Gizzard shad
comprised 37 percent of the total sample, followed by spotfin shiners, bluegill, and the black basses
(smallmouth, spotted, and largemouth) all at 9 percent. Electrofishing and gill netting results indicated most
species were present in higher numbers in the forebay than the transition zone. Walleye and sauger were
more numerous in 1993 than in previous years, which may be of interest to sport anglers in the future.

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish community (based on
electrofishing results) fair in both the forebay (RFAI=34) and transition (RFAI=38) zones. All metric
scores for both zones were identical with the exception of percent tolerant and omnivorous species which
received higher scores in the transition. Gill netting RFAI's rated the forebay (RFAI=34) fair and the
transition (RFAI=22) poor, due primarily to lower scores for the number of species, number of sucker,
intolerant, lithophilic spawning species, and percent anomalies and dominance by a single species. Gill
netting RFAI values were not calculated for inflow zones of run-of-the-river reservoirs due to low numbers

of replicate samples.
Combined electrofishing and gill netting REMA scores rated the forebay (RFAI=34) fair and the

transition (RFAI=30) zone poor. The RFAI rating of poor in the transition resulted from a low gill netting
RFAI (22) which was the lowest score observed for run-of-the-river reservoirs in 1993. (Note: Results
from biomonitoring on Tellico Reservoir were compared to results from mainstream reservoirs because of
the lack of a deep drawdown as occurs in storage impoundments and the presence of a navigation lock
allowing recruitment of fish species.)

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-No bacteriological studies were conducted at recreation sites in 1993.
Fecal coliform bacteria concentrations were very low (geometric mean <20/100 ml) at the Vital Signs
stations. The highest individual concentrations were April samples, 114 and 54/100 ml, at the forebay and
transition zone, respectively.

Fish Tissue-An advisory not to eat catfish from Tellico Reservoir has been in effect for several

years. Documentation of the PCB problem in what was thought to be a background study in 1985 came as
a surprise because there was basically no industrial development in the watershed. Subsequently, more
intensive studies supported the initial results and showed very little change in concentrations during the late
1980s. Several attempts at locating potential sources were fruitless and the source remains unknown. A less
intensive sampling effort was begun in autumn 1990. Since then one composite of five channel catfish has
been collected annually from the forebay and one from an area about 10 miles upstream (several miles
downstream of the transition zone) to continue examination of the temporal trend in PCB concentrations.

Channel catfish samples collected in autumn 1992 had relatively high PCB concentrations -
2.7 j.g/g at the forebay and 1.9 Rg/g at the mid-reservoir location. Chlordane concentrations were also
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Summary of 1993 Conditions - Use Suitability 

Fecal Coliform Bacteria-No bacteriological studies were conducted at recreation sites in 1993. 
Fecal coliform bacteria concentrations were very low (geometric mean <20/100 mI) at the Vital Signs 
stations. The highest individual concentrations were April samples, 114 and 541100 mI, at the forebay and 
transition zone, respectively. 

Fish Tissue-An advisory not to eat catfish from Tellico Reservoir has been in effect for several 
years. Documentation of the PCB problem in what was thought to be a background study in 1985 came as 
a surprise because there was basically no industrial development in the watershed. Subsequently, more 
intensive studies supported the initial results and showed very little change in concentrations during the late 
1980s. Several attempts at locating potential sources were fruitless and the source remains unknown. A less 
intensive sampling effort was begun in autumn 1990. Since then one composite offive channel catfish has 
been collected annually from the forebay and one from an area about 10 miles upstream (several miles 
downstream of the transition zone) to continue examination of the temporal trend in PCB concentrations. 

Channel catfish samples collected in autumn 1992 had relatively high PCB concentrations -
2.7 I!g/g at the forebay and 1.9 J.1g/g at the mid-reservoir location. Chlordane concentrations were also 
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relatively high - 0.22 and 0.20 gAg/g, respectively. Other organics were either not detected or found in very
low concentrations. Arsenic, cadmium, lead, and selenium were not detected in either sample. Mercury
concentrations were relatively high - 0.65 and 0.36 ýLg/g at the forebay and mid-reservoir locations. Due to
these high concentrations of mercury, largemouth bass were collected along with channel catfish in autumn
1993; results were not available at the time this report was prepared.
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Fontana Reservoir

Summary of Conditions in 1993 - Ecological Health

Water-Average flow through Fontana Reservoir in 1993 was about 107 percent of normal, with
an average residence time of 174 days. Fontana Reservoir was strongly stratified, with a maximum
temperature difference in the water column at the forebay of 21.8'C in July, and remaining 14.3°C in
October. Due to the fall drawdown, the two mid-reservoir sampling locations were weakly stratified in
September and mixed in October. Maximum surface temperatures were 27.81C at the forebay, 29.81C at
the Little Tennessee River mid-reservoir station, and 29.00 C at the Tuckasegee River mid-reservoir station.
The maximum temperatures were in July. North Carolina's standard for maximum temperature of Class°C
waters is 29°C. Depleted DO (<2.0 mg/1) only developed at the forebay at depths of over 100 meters in
September and October. Depleted DO conditions also occurred at the Tuckasegee River mid-reservoir
station in August and September, but not in the Little Tennessee River mid-reservoir station. The DO
rating in the reservoir ecological health index was good for the forebay and Little Tennessee River mid-
reservoir sites and poor for the Tuckasegee site.

Conductivities were generally in the 20 to 30 pmhos/cm range, the second lowest of the tributary
reservoirs, with little stratification except for late summer when a maximum conductivity of 39 junhos/cm
occurred. The minimum pH was 6.0 at all three sites, the maximum was 8.8 in June at the Little Tennessee
River mid-reservoir station.

Total nitrogen concentrations at the three stations were the third, fourth, and fifth lowest
concentrations of the 33 tributary reservoir stations. Total nitrogen concentrations at the three sites
averaged 0.21 mg/i in April, mostly as nitrates, and 0.07 mg/i in August, mostly as organic nitrogen. Total
phosphorus concentrations were 0.01 mg/i at both mid-reservoir locations and 0.003 mg/i at the forebay in
April, and dropped to an average of 0.003 mg/l at the three locations in August. Total phosphorus
concentrations at the forebay were the lowest concentrations of the tributary reservoir stations. Total
organic carbon concentrations averaged 0.8 mg/i in April and 1.4 mg/i in August, with little variation
between locations. Chlorophyll a concentrations averaged 1.4 jig/i at the forebay, and 2.7 and 2.4 pg/ at
the Little Tennessee and Tuckasegee River mid-reservoir locations, respectively. These were the fourth,
fifth, and sixth lowest concentrations of the tributary reservoir stations, and were within the range
considered fair. Secehi depths at the mid-reservoir stations varied from 2.1 meters in April to 4.9 meters in
June, both in the Tuckasegee River. The water at the forebay was the clearest of all tributary reservoir
stations, ranging from 5.1 meters in September to 8.1 meters in June.

Sediment-Chemical analyses and toxicity testing of sediments were conducted on sediment

samples collected at three locations in Fontana Reservoir in 1993: a forebay site (LTRM 62.0); a mid-
reservoir site on the Tuckasegee River (TkRM 3.0) arm; and, a mid-reservoir site on the Little Tennessee
River (LTRM 81.5) arm. The presence of chlordane was detected in the forebay (12 jtg/kg) and in the
Tuckasegee River mid-reservoir region (14 jig/kg). Toxicity tests detected acute toxicity to daphnids
(60 percent survival) and rotifers (55 percent survival) in the forebay. Particle size analysis showed
sediments in the forebay were 75 percent silt and clay, 25 percent sand; in the Little Tennessee River mid-
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Fontana Reservoir 

Summary of Conditions in 1993 - Ecological Health 
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an average residence time of 174 days. Fontana Reservoir was strongly stratified, with a maximum 
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reservoir were 94 percent silt and clay; and in the Tuckasegee River mid-reservoir were 76 percent silt and
clay, 24 percent sand.

Sediment quality ratings used in the overall Fontana Reservoir ecological health evaluation for
1993 were poor at the forebay (presence of chlordane and toxicity to test animals); good at the Tuckasegee
mid-reservoir site (presence of chlordane); and excellent at the Little Tennessee mid-reservoir site.

Benthic Macroinvertebrates-The first year that the benthic macroinvertebrate community was
evaluated on Fontana Reservoir was 1993. The benthic community at the forebay site rated very poor, the
Tuckasegee River mid-reservoir site rated poor, and the Little Tennessee River mid-reservoir site rated fair.
The forebay had 1,040 organisms/m2 representing 4 taxa. The Tuckasegee site had 15 taxa and by far the
greatest density of all three sites sampled (6,328 organisms/m2). The Little Tennessee mid-reservoir site
had the greatest diversity of the three sites, with 23 taxa and 3,753 organisms/m 2 . The dominant taxon at
all three sites was Tubificidae, accounting for 90 percent of the total at the forebay and Tuskasegee inflow,
and 77 percent of the total at the Little Tennessee River inflow.

The three sites sampled on Fontana Reservoir had several common problems: an absence of long-
lived taxa, an absence of EPT taxa, and an abundance of tubificids. It is also worthy to note that a common
observation at all three locations on Fontana was low numbers of chironomids. In addition to the above
elements, the forebay benthic community was further impacted by very low diversity. The Little Tennessee
mid-reservoir site had greater diversity and fewer tubificids than the other two sites which allowed it to
receive the best overall benthic rating.

Fish Assemblage-Shoreline electrofishing (45 transects) and offshore experimental gill netting
(36 net-nights) yielded 1782 individuals with 22 species represented. Green sunfish and smallmouth bass
were the most abundant species collected, comprising 39 and 16 percent of the total sample, respectively.
Bluegill (7 percent) and white bass (7 percent) were also frequently encountered. Catch rates for both gill
netting and electrofishing were approximately the same for all three sample areas (forebay, Little Tennessee
River transition, and the Tuckasegee River transition).

The Reservoir Fish Assemblage Index (RFAI) rated the littoral fish community (based on
electrofishing results) poor in all three sample areas (forebay RFAI=28, Little Tennessee River transition
RFAI=28, and Tuckasegee River transition RFAI=22) of Fontana Reservoir. All electrofishing metrics
received low to moderate scores except for percent omnivores and insectivores. Gill netting RFAI results
rated the forebay zone (RFAI=36) fair, and both the Little Tennessee River transition (RFAI=42) and the
Tuckasegee River transition (RFAI=48) zones good. Combined electrofishing and gill netting RFAI scores
rated all three zones of Fontana Reservoir fair.

Summary of Conditions in 1993 - Use Suitability

Fecal Coliform Bacteria-There were no bacteriological studies conducted on Fontana Reservoir
in 1993.

Fish Tissue-Five channel catfish were collected in autumn 1992 from both the forebay and mid-
reservoir site on the Little Tennessee River. Fillets were composited by area and analyzed for selected
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Sediment quality ratings used in the overall Fontana Reservoir ecological health evaluation for 
1993 were poor at the forebay (presence of chlordane and toxicity to test animals); good at the Tuckasegee 
mid-reservoir site (presence of chlordane); and excellent at the Little Tennessee mid-reservoir site. 

Benthic Macroinvertebrates-The first year that the benthic macroinvertebrate community was 
evaluated on Fontana Reservoir was 1993. The benthic community at the forebay site rated very poor, the 
Tuckasegee River mid-reservoir site rated poor, and the Little Tennessee River mid-reservoir site rated fair. 
The forebay had 1,040 organisms/m2 representing 4 taxa. The Tuckasegee site had 15 taxa and by far the 
greatest density of all three sites sampled (6,328 organisms/m2). The Little Tennessee mid-reservoir site 
had the greatest diversity of the three sites, with 23 taxa and 3,753 organisms/m2. The dominant taxon at 
all three sites was Tubificidae, accounting for 90 percent of the total at the forebay and Tuskasegee inflow, 
and 77 percent of the total at the Little Tennessee River inflow. 

The three sites sampled on Fontana Reservoir had several common problems: an absence oflong
lived taxa, an absence ofEPT taxa, and an abundance oftubificids. It is also worthy to note that a common 
observation at all three locations on Fontana was low numbers of chironomids. In addition to the above 
elements, the forebay benthic community was further impacted by very low diversity. The Little Tennessee 
mid-reservoir site had greater diversity and fewer tubificids than the other two sites which allowed it to 
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Fish Assemblage-Shoreline electrofishing (45 transects) and offshore experimental gill netting 
(36 net-nights) yielded 1782 individuals with 22 species represented. Green sunfish and smallmouth bass 
were the most abundant species collected, comprising 39 and 16 percent of the total sample, respectively. 
Bluegill (7 percent) and white bass (7 percent) were also frequently encountered. Catch rates for both gill 
netting and electrofishing were approximately the same for all three sample areas (forebay, Little Tennessee 
River transition, and the Tuckasegee River transition). 

The Reservoir Fish Assemblage Index (RF AI) rated the littoral fish community (based on 
electrofishing results) poor in all three sample areas (forebay RFAI=28, Little Tennessee River transition 
RF AI=28, and Tuckasegee River transition RF AI=22) of Fontana Reservoir. All electrofishing metrics 
received low to moderate scores except for percent omnivores and insectivores. Gil1 netting RF AI results 
rated the forebay zone (RF AI=36) fair, and both the Little Tennessee River transition (RF AI=42) and the 
Tuckasegee River transition (RF AI=48) zones good. Combined electrofishing and gill netting RF AI scores 
rated all three zones of Fontana Reservoir fair. 

Summary of Conditions in 1993 - Use Suitability 

Fecal Coliform Bacteria-There were no bacteriological studies conducted on FontaIia Reservoir 
in 1993. 

Fish Tissue-Five channel catfish were collected in autumn 1992 from both the forebay and mid
reservoir site on the Little Tennessee River. Fillets were composited by area and analyzed for selected 
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metals, pesticides, and PCBs on EPA's priority pollutant list. Most analytes were not detected or had low
concentrations. Exceptions to this were mercury at both locations (0.40 p.g/g at the forebay and 0.53 ýtg/g
at the mid-reservoir site), and PCBs at the forebay (1.1 •g/g). PCBs were not detected in the sample from
the mid-reservoir site. Channel catfish were collected again in 1993 from both locations and analyzed for
the same analytes with close attention for PCBs at the forebay. Largemouth bass were also collected in
autumn 1993 from both locations to further examine mercury concentrations. Results were not available at
the time this report was prepared.
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Little Tennessee River Stream Monitoring Site

Summary of 1993 Conditions - Ecological Health

Water-The water of the Little Tennessee River is soft (average hardness of 7 mg/I) and slightly
alkaline (average total alkalinity of 10 mg/I). The median pH for the stream monitoring site was 7.5. The
river was well oxygenated with dissolved oxygen levels ranging from 95 to 110 percent of saturation.

Of the 12 streams monitored across the Tennessee Valley, the Little Tennessee River ranked among
the lowest in average concentrations of organic nitrogen (0.188 mg/l), nitrate+nitrite-nitrogen (0.14 mg/I),
total phosphorus (0.030 mg/I), and dissolved orthophosphate (0.006 mg/I). The highest average
concentration of ammonia nitrogen (0.138 mg/I) was found at this site. The good total phosphorus and
nitrate+nitrite-nitrogen concentrations yielded a good rating for nutrients at the site.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and
total and dissolved copper and zinc) were performed bi-monthly. Dissolved cadmium was detected in 4 of 6
samples. Three of the samples exceeded the EPA guidelines for both chronic and acute toxicity to aquatic
life. Another sample exceeded the guideline for chronic toxicity. Dissolved lead exceeded the guideline for
chronic toxicity. (Chronic toxicity bioassays are not routinely performed at stream monitoring sites. As
seen below, there was no acute toxicity testing apparent in these samples.)

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals,
PCBs, or pesticides exceeding the EPA guidelines.

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrate results were rated good with a
Modified Benthic Index of Biotic Integrity (MBIBI) of score 44, with 92 taxa and 11,086 organisms/m2.
Conditions in 1992 also rated good (MBIBI score 46) with 84 taxa and 9,079 organisms/m 2 .Dominant
organisms in 1993 were dipteran midge larvae (54 percent), nutrient tolerant oligochaete worms
(15 percent), and caddisflies (9 percent). Mayflies were the most dominant group in 1992 (27 percent),
followed by dipteran midge larvae (23 percent) and caddisflies (19 percent). Conditions have essentially
remained unchanged between sampling years; however, an increase was noted in the numbers of silt and
nutrient tolerant organisms.

Fish Community Assessment-The fish community rated excellent with an Index of Biotic Integrity
(IBI) of 58 and showed little change since rating borderline good (IBI = 56) in 1992. With the exception of low
fish density (catch rate), measures of the fish community indicated nearly optimum conditions. Siltation, however,
was conspicuous and is suspected of effecting low fish density at this station.

Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-No studies conducted in 1993.
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Little Tennessee River Stream Monitoring Site 

Summary of 1993 Conditions - Ecological Health 

Water-The water of the Little Tennessee River is soft (average hardness of 7 mg/l) and slightly 
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Fish Community Assessment-The fish community rated excellent with an Index of Biotic Integrity 
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fish density (catch rate), measures of the fish community indicated nearly optimum conditions. Siltation, however, 
was conspicuous and is suspected of effecting low fish density at this station. 

Summary of 1993 Conditions - Use Suitability 

Fecal Coliform Bacteria-No studies conducted in 1993. 
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Fish Tissue-A five fish composite each of river redhorse, channel catfish, and largemouth bass
were collected during summer 1992 and analyzed for selected metals, pesticides, and PCBs. All analytes
were either not detected or found in low concentrations.
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Douglas Reservoir

Summary of 1993 Conditions - Ecological Health

Water-During the summer of 1993, surface water temperatures ranged from 13.4°C in April to
28.5TC in July at the forebay, and from 15.4 0C to 30.2°C (for the same months) at the mid-reservoir
sampling location. Some thermal stratification was observed beginning in May at both the forebay and mid-
reservoir locations, and was strongest in July when the temperature differentials between the bottom and the
surface were 15. 1°C at the forebay, and 12. 1°C at the mid-reservoir location. This stratification existed
through August at the mid-reservoir location, and through September at the forebay.

Dissolved oxygen at the 1.5m depth ranged from 12.5 mg/l in May to 4.6 mg/i in October at the
forebay, and from 11.8 mg/i in May to 5.5 mg/l in September at the mid-reservoir location. (The State of
Tennessee's minimum dissolved oxygen criteria for the protection of fish and aquatic life is 5 mg/I, at the
1.5m depth.) Anoxic conditions near the bottom existed from June through September at the forebay, and
from June through August at mid-reservoir. This hypolimnetic anoxia peaked at the forebay in August and
at the mid-reservoir in July. In each case, about two-thirds of the water column had dissolved oxygen
concentrations of less than 1 mg/l. The forebay and mid-reservoir sampling sites had, respectively, about
30% and 20% of their cross-sectional areas (six-month summertime average) with dissolved oxygen
concentration less than 2.0 mg/i; and, over 60% of each site's cross-sectional bottom length (six-month
summertime average) had a dissolved oxygen concentration less than 2.0 mg/i. Because of the conditions
described above (and the low surface concentration in October at the forebay, 4.6 mg/1), DO ratings used in
the overall reservoir ecological health evaluation for Douglas Reservoir were very poor at both the forebay
and at the mid-reservoir sampling locations.

Values of pH ranged from 6.6 to 9.4 for both locations in Douglas Reservoir in 1993. In April
through August at the forebay, and May through August at the mid-reservoir location, near surface pH's
equal to or exceeding 8.5 were observed. In almost all of these cases, when the pH was above 8.5, surface
dissolved oxygen saturation values exceeded 100 percent, indicating high levels of photosynthesis.

In 1993, the average concentrations of total phosphorus (average 0.035 mg/I at the forebay and
0.040 mg/I at the mid-reservoir) were higher in Douglas Reservoir than any of the other tributary Vital
Signs reservoirs; and, at the mid-reservoir sampling location the dissolved ortho phosphorus (average
0.013 mg/I) was also higher than any of the other tributary reservoirs. The Douglas mid-reservoir sampling
site historically has had the lowest average TN/TP ratios of all the tributary reservoirs.

In 1993, concentrations of chlorophyll a averaged 6.6 ýtg/l at the forebay and 10.3 ptg/l at the mid-
reservoir site. These concentrations are somewhat lower than those measured in 1992, when they were
among the highest of the Vital Signs reservoirs. The chlorophyll a ratings used in the 1993 ecological
health evaluation for Douglas Reservoir were good at the forebay (i.e. falling in the 3 to 10 ýtg/l range); and
fair at the mid-reservoir location (i.e. falling in the 10 to 15 tg/I range).

The water of Douglas Reservoir, especially in the mid-reservoir area has historically had low water
clarity. In 1993, the Secchi depth averaged only 1.2 m, the lowest of all the tributary reservoir sampling
locations.
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Summary of 1993 Conditions - Ecological Health 
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through August at the forebay, and May through August at the mid-reservoir location, near surface pH's 
equal to or exceeding 8.5 were observed. In almost all of these cases, when the pH was above 8.5, surface 
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clarity. In 1993, the Secchi depth averaged only 1.2 m, the lowest of all the tributary reservoir sampling 
locations. 
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Sediment-Chemical analyses of sediments in Douglas Reservoir in 1993 indicated the presence of
chlordane (18 pg/kg) at the mid-reservoir site. Toxicity tests detected acute toxicity to rotifers (55 percent
survival) in the mid-reservoir. Particle size analysis showed sediments from the forebay were about
100 percent silt and clay and from the mid-reservoir were 83 percent silt and clay, 17 percent sand.

Sediment quality ratings used in the overall Douglas Reservoir ecological health evaluation for
1993 were excellent at the forebay; and poor at the mid-reservoir site (presence of chlordane and toxicity to
rotifers).

Benthic Macroinvertebrates-The forebay on Douglas Reservoir did not change significantly from
the previous year. Only 265 organisms/m 2 representing 6 taxa were found, similar to the number of taxa
(7) and density (282 organisms/m 2) found in 1992. The dominant taxa were Chironomus (50 percent) and
Tubificidae (31 percent). The benthic macroinvertebrate community at this site was poor primarily because
of the absence of long-lived and EPT taxa, and because of the abundance of chironomids. The benthic
community structure observed at the forebay is indicative of low near-bottom dissolved oxygen
concentrations.

The inflow site on Douglas Reservoir was not evaluated in 1993 because it was determined that
90 percent of the samples taken at that site were above the average winter pool level.

Fish Assemblage-Shoreline electrofishing (30 transects) and offshore/deep netting (24 net-nights)
samples collected 2,679 fish of 29 species. The most abundant species were gizzard shad (29 percent),
followed by white bass (20 percent), and largemouth bass (13 percent). The crappie species (black and
white) represented 10 percent of the total sample. Electrofishing results indicated fish abundance in the
transition (1,075) was twice that of the forebay (533) due mainly to much higher numbers of white bass,
largemouth bass, and white crappie. Gill netting efforts showed a similar pattern, with the transition catch
(884) considerably higher than the forebay (187). The only species that were more abundant in the forebay
samples were smallmouth buffalo and black crappie.

The Reservoir Fish Assemblage Index (RFAI) analysis of shoreline electrofishing data showed the
forebay (RFAI=42) zone to be good and the transition (RFAI=36) fair. Maximum metric scores were
recorded at both sample areas for species diversity, number of sucker species, and dominance by a single
species, and minimum scores for percent insectivores. The gill netting RFAI rated the transition zone
(RFAI=50) good and the forebay (RFAI=30) poor. Transition zone scores were midrange or maximum (3's

or 5's) for all metrics except for number of intolerant species. Combined electrofishing and gill netting
RFAI scores indicated good fish community conditions in the transition (RFAI=43) zone and fair in the
forebay (RFAI=36).

Summary of Conditions in 1993 - Use Suitability

Fecal Coliform Bacteria-One swimming beach and two boat ramps were tested for fecal
coliform bacteria twelve times in 1993. Two samples were collected within 48-hours of a rainfall of at least
one-half inch. Fecal coliform bacteria concentrations were very low (geometric mean <20/100 ml) at every
site.
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the previous year. Only 265 organisrns/m2 representing 6 taxa were found, similar to the number of taxa 
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of the absence oflong-lived and EPT taxa, and because of the abundance of chironomids. The benthic 
community structure observed at the forebay is indicative of low near-bottom dissolved oxygen 
concentrations . 

The inflow site on Douglas Reservoir was not evaluated in 1993 because it was determined that 
90 percent of the samples taken at that site were above the average winter pool level. 

Fish Assemblage-Shoreline electrofishing (30 transects) and offshore/deep netting (24 net-nights) 
samples collected 2,679 fish of 29 species. The most abundant species were gizzard shad (29 percent), 
followed by white bass (20 percent), and largemouth bass (13 percent). The crappie species (black and 
white) represented 10 percent of the total sample. Electrofishing results indicated fish abundance in the 
transition (1,075) was twice that of the forebay (533) due mainly to much higher numbers of white bass, 
largemouth bass, and white crappie. Gill netting efforts showed a similar pattern, with the transition catch 
(884) considerably higher than the forebay (187). The only species that were more abundant in the forebay 
samples were srnallmouth buffalo and black crappie. 

The Reservoir Fish Assemblage Index (RF AI) analysis of shoreline electrofishing data showed the 
forebay (RF AI=42) zone to be good and the transition (RF AI=36) fair. Maximum metric scores were 
recorded at both sample areas for species diversity, number of sucker species, and dominance by a single 
species, and minimum scores for percent insectivores. The gill netting RF AI rated the transition zone 
(RF AI=50) good and the forebay (RF AI=30) poor. Transition zone scores were midrange or maximum (3's 
or 5's) for all metrics except for number of intolerant spccies. Combined electro fishing and gill netting 
RFAI scores indicated good fish community conditions in the transition (RFAI=43) zone and fair in the 
forebay (RF AI=36). 

Summary of Conditions in 1993 - Use Suitability 

Fecal Coliform Bacteria-One swimming beach and two boat ramps were tested for fecal 
coliform bacteria twelve times in 1993. Two samples were collected within 48-hours of a rainfall of at least 
one-half inch. Fecal coliform bacteria concentrations were very low (geometric mean <20/100 ml) at every 
site. 
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Fish Tissue-TVA worked with the Tennessee Department of Environment and Conservation in
1992 to conduct fish tissue studies on Douglas Reservoir. TVA collected the fish samples and provided
fillets to TDEC for analysis. Results were not available at the time this report was prepared.
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French Broad River Stream Monitoring Site

Summary of 1993 Conditions - Ecological Health

Water-The water of the French Broad River is soft (average hardness of 18 mg/l) and only
slightly alkaline (average total alkalinity of 20 mg/I), reflecting the underlying geology of the area. The
median pH for the stream monitoring site was 7.4. The river was well oxygenated with dissolved oxygen
levels ranging from 87 to 99 percent of saturation.

Of the 12 streams monitored across the Tennessee Valley, the French Broad River station ranked
among the highest in mean concentrations of total phosphorus (0.122 mg/l), dissolved orthophosphate
(0.087 mg/I), and nitrate+nitrite-nitrogen (0.56 mg/1). Average concentrations of 0.220 mg/1 and 0.030 mg/1
for organic nitrogen and ammonia nitrogen placed the site near median for these variables. The high
average total phosphorus concentration yielded a poor rating for nutrients at the site.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and
total copper and zinc) were performed bi-monthly. Dissolved cadmium was detected in 5 of 6 samples.
Three of those exceeded the EPA criterion for chronic toxicity to freshwater aquatic life. (Chronic toxicity
bioassays are not routinely performed at stream monitoring sites. However, the acute toxicity test data is
consistent with the water chemistry. See "Sediment" for additional information on toxicity testing results.)

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals,
PCBs, or pesticides exceeding the EPA guidelines. This is an improvement over 1992 when sediment
quality rated fair.

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrates rated fair with a Modified
Benthic Index of Biotic Integrity (MBIBI) score of 36, with 77 taxa and 12,121 organisms/m2. Conditions
in 1992 also rated fair (MBIBI score 35) with 81 taxa and 10,961 organisms/m2. Benthic organisms have
essentially remained unchanged between sampling years. Dominant organisms-in 1993 were dipteran midge
larvae (67 percent), caddisflies (15 percent), and dipteran black-fly larvae (6 percent). Dipteran black-fly
larvae was the most dominant organism in 1992 (49 percent), followed by dipteran midge larvae (36
percent) and caddisflies (5 percent). The French Broad River consistently ranks the poorest of the 12
stream monitoring sites. Siltation from agricultural land usage along the river severely affects benthic
communities at this site.

Fish Community Assessment-The fish community continued to be depressed rating borderline
poor with an Index of Biotic Integrity (IBI) score of 38 in 1993 and borderline poor (IBI = 36) in 1992.
Serious problems were found in species richness and composition, and in fish density, indicating poor
conditions. Forty to 60 native species were expected to occur at this station, but only 30 were found.
Diversity was low among darters, sunfish, suckers, and intolerant species. The proportion of tolerant fish
was excessive representing approximately 41 percent of the fish found, and fish density was among the
lowest found at the 11 stations sampled in 1993. Turbidity, siltation, and nutrient enrichment were evident
and probably played some part in the disorder exhibited by the fish community.
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French Broad River Stream Monitoring Site 

Summary of 1993 Conditions - Ecological Health 

Water-The water of the French Broad River is soft (average hardness of 18 mg/l) and only 
slightly alkaline (average total alkalinity of20 mg/l), reflecting the underlying geology of the area. The 
median pH for the stream monitoring site was 7.4. The river was well oxygenated with dissolved oxygen 
levels ranging from 87 to 99 percent of saturation. 

Of the 12 streams monitored across the Tennessee Valley, the French Broad River station ranked 
among the highest in mean concentrations of total phosphorus (0.122 mg/l), dissolved orthophosphate 
(0.087 mg/l), and nitrate+nitrite-nitrogen (0.56 mg/l). Average concentrations of 0.220 mg/l and 0.030 mg/l 
for organic nitrogen and ammonia nitrogen placed the site near median for these variables. The high 
average total phosphorus concentration yielded a poor rating for nutrients at the site. 

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and 
total copper and zinc) were performed bi-monthly. Dissolved cadmium was detected in 5 of 6 samples. 
Three of those exceeded the EPA criterion for chronic toxicity to freshwater aquatic life. (Chronic toxicity 
bioassays are not routinely performed at stream monitoring sites. However, the acute toxicity test data is 
consistent with the water chemistry. See "Sediment" for additional information on toxicity testing results.) 

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals, 
PCBs, or pesticides exceeding the EPA guidelines. This is an improvement over 1992 when sediment 
quality rated fair. 

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrates rated fair with a Modified 
Benthic Index of Biotic Integrity (MBIBI) score of36, with 77 taxa and 12,121 organisms/m2. Conditions 
in 1.992 also rated fair (MBIBI score 35) with 81 taxa and 10,961 organisms/m2. Benthic organisms have 
essentially remained unchanged between sampling years. Dominant organisms in 1993 were dipteran midge 
larvae (67 percent), caddisflies (15 percent), and dipteran black~fly larvae (6 percent). Dipteran black-fly 
larvae was the most dominant organism in 1992 (49 percent), followed by dipteran midge larvae (36 
percent) and caddisflies (5 percent). The French Broad River consistently ranks the poorest of the 12 
stream monitoring sites. Siltation from agricultural land usage along the river severely affects benthic 
communities at this site. 

Fish Community Assessment-The fish community continued to be depressed rating borderline 
poor with an Index of Biotic Integrity (IBI) score of 38 in 1993 and borderline poor (IBI = 36) in 1992. 
Serious problems were found in species richness and' composition, and in fish density, indicating poor 
conditions. Forty to 60 native species were expected to occur at this station, but only 30 were found. 
Diversity was low among darters, sunfish, suckers, and intolerant species. The proportion of tolerant fish 
was excessive representing approximately 41 percent of the fish found, and fish density was among the 
lowest found at the 11 stations sampled in 1993. Turbidity, siltation, and nutrient enrichment were evident 
and probably played some part in the disorder exhibited by the fish community. 
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Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-No bacteriological studies were conducted in this watershed by TVA in
1993.

Fish Tissue-A five fish composite each of carp, channel catfish, and largemouth bass were

collected during summer 1992 and analyzed for selected metals, pesticides, and PCBs. All analytes were
not detected or found in low concentrations.
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Nolichucky River Stream Monitoring Site

Summary of 1993 Conditions - Ecological Health

Water-The water of the Nolichucky River is moderately hard (average hardness of 79 mg/I) and
moderately alkaline (average total alkalinity of 67 mg/l). The median pH for the stream monitoring site was
7.8. The river was well oxygenated with dissolved oxygen levels ranging from 87 to 100 percent of
saturation.

Of the 12 streams monitored across the Tennessee Valley, the Nolichucky River station ranked just
above the median concentrations for average organic nitrogen (0.223 mg/l), nitrate+nitrite-nitrogen
(0.56 mg/l), total phosphorus (0.075 mg/l), and dissolved orthophosphate (0.024 mg/I). An average
concentration of ammonia nitrogen of 0.022 mg/l placed the site among the best for the variable. The
moderately high average total phosphorus concentration yielded a fair rating for nutrients at the site.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and
total copper and zinc) were performed bi-monthly. Dissolved cadmium was detected in 5 of 6 samples.
Dissolved lead was detected in 2 of 6 samples. Neither metal exceeded the EPA criteria for protection of
aquatic life or human health. Additional metals analyses included both total and dissolved forms of
manganese and iron. Total iron exceeded the chronic toxicity criterion for freshwater aquatic life in one
sample and the criterion for combined consumption of fish and water in 4 samples. Total manganese was
detected in 5 of 6 samples, although only one sample exceeded an EPA criterion value (for combined
consumption of fish and water).

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals,
PCBs, or pesticides exceeding the EPA guidelines. This is a significant improvement over 1992 when
sediment quality rated poor.

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrates rated fair with a Modified
Benthic Index of Biotic Integrity (MBIBI) of score 39, with 81 taxa and 5,543 organisms/m 2 . Conditions

2in 1992 were also rated fair (MBIBI score 39) with 91 taxa and 6,195 organisms/mi . Dominant organisms
in 1993 were dipteran midge larvae (32 percent), caddisflies (24 percent), and mayflies (19 percent).
Dipteran midge larvae were also the most dominant group in 1992 (46 percent), followed by dipteran
black-fly larvae (18 percent) and caddisflies (14 percent). Conditions have essentially remained unchanged
between sampling years. Siltation from agricultural land usage along the river and mica and mica and
feldspar mining in the watershed adversely affect benthic communities at this site.

Fish Community Assessment-The fish community rated good with an Index of Biotic Integrity
(IBI) score of 48, improving considerably from the borderline fair (IBI = 38) rated in 1992. Improvement
included a lower proportion of tolerant fish, a higher proportion of piscivorous fish, increased fish density,
and absence of hybrids. Deficiencies in number of native species and in numbers of darter, sunfish, and
intolerant species continued to indicate poor conditions. Excessive turbidity and heavy siltation have been
observed at this station during all sampling trips, 1990-93.
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Nolichucky River Stream Monitoring Site 

Summary of 1993 Conditions - Ecological Health 

Water-The water of the Nolichucky River is moderately hard (average hardness of79 mg/1) and 
moderately alkaline (average total alkalinity of 67 mg/1). The median pH for the stream monitoring site was 
7.8. The river was well oxygenated with dissolved oxygen levels ranging from 87 to 100 percent of 
saturation. 

Of the 12 streams monitored across the Tennessee Valley, the Nolichucky River station ranked just 
above the median concentrations for average organic nitrogen (0.223 mgll), nitrate+nitrite-nitrogen 
(0.56 mgll), total phosphorus (0.075 mg/1), and dissolved orthophosphate (0.024 mg/1). An average 
concentration of ammonia nitrogen of 0.022 mgll placed the site among the best for the variable. The 
moderately high average total phosphorus concentration yielded a fair rating for nutrients at the site. 

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and 
total copper and zinc) were performed bi-monthly. Dissolved cadmium was detected in 5 of 6 samples. 
Dissolved lead was detected in 2 of 6 samples. Neither metal exceeded the EPA criteria for protection of 
aquatic life or human health. Additional metals analyses included both total and dissolved forms of 
manganese and iron. Total iron exceeded the chronic toxicity criterion for freshwater aquatic life in one 
sample and the criterion for combined consumption of fish and water in 4 samples. Total manganese was 
detected in 5 of 6 samples, although only one sample exceeded an EPA criterion value (for combined 
consumption offish and water). 

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed and no metals, 
PCBs, or pesticides exceeding the EPA guidelines. This is a significant improvement over 1992 when 
sediment quality rated poor. 

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrates rated fair with a Modified 
Benthic Index of Biotic Integrity (MBIBI) of score 39, with 81 taxa and 5,543 organisms/m2. Conditions 
in 1992 were also rated fair (MBIBI score 39) with 91 taxa and 6,195 organisms/m2. Dominant organisms 
in 1993 were dipteran midge larvae (32 percent), caddisflies (24 percent), and mayflies (19 percent). 
Dipteran midge larvae were also the most dominant group in 1992 (46 percent), followed by dipteran 
black-fly larvae (18 percent) and caddisflies (14 percent). Conditions have essentially remained unchanged 
between sampling years. Siltation from agricultural land usage along the river and mica and mica and 
feldspar mining in the watershed adversely affect benthic communities at this site. 

Fish Community Assessment-The fish community rated good with an Index of Biotic Integrity 
(IEI) score of 48, improving considerably from the borderline fair (IEI = 38) rated in 1992. Improvement 
included a lower proportion of tolerant fish, a higher proportion ofpiscivorous fish, increased fish density, 
and absence of hybrids. Deficiencies in number of native species and in numbers of darter, sunfish, and 
intolerant species continued to indicate poor conditions. Excessive turbidity and heavy siltation have been 
observed at this station during all sampling trips, 1990-93. 

129 



Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-Bacteriological studies were not conducted in this watershed by TVA in
1993.

Fish Tissue-A five fish composite each of carp, channel catfish, and largemouth bass were
collected during summer 1992 and analyzed for selected metals, pesticides, and PCBs. All analytes were
not detected or found in low concentrations.
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Summary of 1993 Conditions - Use Suitability 
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HOLSTON RIVER WATERSHED
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Cherokee Reservoir

Summary of 1993 Conditions - Ecological Health

Water-Summer surface water temperatures ranged from 12.2°C in April to 29.8°C in July at the
forebay, and from 14.40C to 30.9°C for the same months at the mid-reservoir sampling location
(Tennessee's maximum temperature criterion for the protection of fish and aquatic life is 30.5 C). Thermal
stratification was evident in Cherokee Reservoir in 1993. Stratification was strongest in June, when the
temperature difference between the surface and the bottom of the reservoir was about 20'C at the forebay
and about 181C at the mid-reservoir location. Thermal stratification persisted through September at the
forebay and through August at the mid-reservoir site.

Dissolved oxygen at the 1.5m depth ranged from 15.2 mg/l (algal bloom) in April to 5.2 mg/i in
September at the forebay, and from 14.2 mg/l (algal bloom) in April to 5.6 mg/i in July at the mid-reservoir
sampling location. Anoxic conditions in the hypolimnion developed in the forebay in July and existed
through October. In July and August, dissolved oxygen concentrations were less than 1 mg/i for about
three-fourths of the water column. Dissolved oxygen gradients (DO's) were high in the forebay (about
7 mg/1) in June, July, and August. The gradients were not as high in September and October because of the
low surface dissolved oxygen. Similar conditions existed at the mid-reservoir sampling location where
hypolimnetic anoxia existed near the bottom in July and August. In July in the mid-reservoir location,
three-fourths of the water column contained less than I mg/l dissolved oxygen. Dissolved oxygen gradients
of 9.4 mg/l and 7.6 mg/i were observed in June and August, respectively. Such a high gradient did not exist
in July because of the low surface dissolved oxygen for that month. The forebay and mid-reservoir
sampling sites both had over 20% of their cross-sectional areas (six-month summertime average) with
dissolved oxygen concentration less than 2.0 mg/i; and, over 40 percent of each site's cross-sectional
bottom length (six-month summertime average) had a dissolved oxygen concentration less than 2.0 mg/l.
Because of the conditions described above, DO ratings used in the overall reservoir ecological health
evaluation for Cherokee Reservoir were very poor at both the forebay and at the mid-reservoir sampling
locations.

In 1993, values of pH in Cherokee Reservoir ranged from 6.9 to 8.8 for both monitoring locations.
Surface water pH values slightly exceeded 8.5 (Tennessee's maximum pH criterion for the protection of
fish and aquatic life is 8.5) at the forebay in April through August, and at the mid-reservoir location in May
through August. In each of these cases, with the exception of July at the mid-reservoir section, high
dissolved oxygen saturation values coincided with the high pH's, sometimes up to 140 percent, indicating
substantial photosynthetic activity.

Historically, the mid-reservoir sampling site has had the highest nutrient concentrations among all
reservoir Vital Signs sampling locations. Average nutrient concentrations at the mid-reservoir location in
1993 were observed to be only about half of 1992 concentrations. In 1993, the average total nitrogen
concentration was 0.45 mg/I and the average total phosphorus concentration was 0.030 mg/l. Lower
nutrient concentrations at the forebay as well as higher TN/TP ratios indicate a higher productivity
potential at the mid-reservoir sampling site than at the forebay sampling site.

Concentrations of chlorophyll a support this hypothesis where chlorophyll a averaged 7.6 pg/l at
the forebay and 9.4 pug/l at the mid-reservoir site. The chlorophyll a ratings used in the 1993 ecological
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Cherokee Reservoir 

Summary of 1993 Conditions - Ecological Health 

Water-Summer surface water temperatures ranged from 12.2°C in April to 29.8°C in July at the 
forebay, and from 14.4°C to 30.9°C for the same months at the mid-reservoir sampling location 
(Tennessee's maximum temperature criterion for the protection offish and aquatic life is 30.5C). Thermal 
stratification was evident in Cherokee Reservoir in 1993. Stratification was strongest in June, when the 
temperature difference between the surface and the bottom of the reservoir was about 20°C at the forebay 
and about 18°C at the mid-reservoir location. Thermal stratification persisted through September at the 
forebay and through August at the mid-reservoir site. 

Dissolved oxygen at the 1.5m depth ranged from 15.2 mgll (algal bloom) in April to 5.2 mgll in 
September at the forebay, and from 14.2 mg/l (algal bloom) in April to 5.6 mgll in July at the mid-reservoir 
sampling location. Anoxic conditions in the hypolimnion developed in the forebay in July and existed 
through October. In July and August, dissolved oxygen concentrations were less than I mgll for about 
three-fourths of the water column. Dissolved oxygen gradients (DO's) were high in the forebay (about 
7 mgll) in June, July, and August. The gradients were not as high in September and October because of the 
low surface dissolved oxygen. Similar conditions existed at the mid-reservoir sampling location where 
hypolimnetic anoxia existed near the bottom in July and August. In July in the mid-reservoir location, 
three-fourths of the water column contained less than I mg/l dissolved oxygen. Dissolved oxygen gradients 
of 9.4 mgll and 7.6 mgll were observed in June and August, respectively. Such a high gradient did not exist 
in July because of the low surface dissolved oxygen for that month. The forebay and mid-reservoir 
sampling sites both had over 20% of their cross-sectional areas (six-month summertime average) with 
dissolved oxygen concentration less than 2.0 mg/l; and, over 40 percent of each site's cross-sectional 
bottom length (six-month summertime average) had a dissolved oxygen concentration less than 2.0 mg/l. 
Because of the conditions described above, DO ratings used in the overall reservoir ecological health 
evaluation for Cherokee Reservoir were very poor at both the forebay and at the mid-reservoir sampling 
locations. 

In 1993, values of pH in Cherokee Reservoir ranged from 6.9 to 8.8 for both monitoring locations. 
Surface water pH values slightly exceeded 8.5 (Tennessee's maximum pH criterion for the protection of 
fish and aquatic life is 8.5) at the forebay in April through August, and at the mid-reservoir location in May 
through August. In each of these cases, with the exception of July at the mid-reservoir section, high 
dissolved oxygen saturation values coincided with the high pH's, sometimes up to 140 percent, indicating 

substantial photosynthetic activity. 
Historically, the mid-reservoir sampling site has had the highest nutrient concentrations among all 

reservoir Vital Signs sampling locations. Average nutrient concentrations at the mid-reservoir location in 
1993 were observed to be only about half of 1992 concentrations. In 1993, the average total nitrogen 
concentration was 0.45 mgll and the average total phosphorus concentration was 0.030 mgll. Lower 
nutrient concentrations at the forebay as well as higher TNffP ratios indicate a higher productivity 
potential at the mid-reservoir sampling site than at the forebay sampling site. 

Concentrations of chlorophyll a support this hypothesis where chlorophyll a averaged 7.6 ~ at 
the forebay and 9.4 ~gIl at the mid-reservoir site. The chlorophyll a ratings used in the 1993 ecological 
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health evaluation for Cherokee Reservoir were good (i.e. falling in the 3 to 10 gtg/l range), at both the
forebay and the mid-reservoir locations.

Sediment-Chemical analyses of sediments in Cherokee Reservoir in 1993 indicated high levels of
copper (57 mg/kg) from the mid-reservoir and elevated levels of un-ionized ammonia from both the forebay
(390 ýtg/l) and mid-reservoir (290 ng/l). Toxicity tests detected acute toxicity to rotifers (75 percent
survival) in the mid-reservoir. Particle size analysis showed sediments from the forebay were about
100 percent silt and clay and from the mid-reservoir were 99 percent silt and clay.

Sediment quality ratings used in the overall Cherokee Reservoir ecological health evaluation for
1993 were good at the forebay (presence of ammonia); and poor at the mid-reservoir site (presence of
copper and ammonia and toxicity to rotifers).

Benthic Macroinvertebrates-In 1993, the overall condition of the benthic macroinvertebrate
community in the forebay of Cherokee Reservoir remained approximately the same as in 1992. However,
there was a slight increase in taxa (14) and decrease in density (510 organisms/m2). As in 1992,
Tubificidae (45 percent) and Chironomus sp (26 percent) were the dominant taxa.

The forebay had a fair macroinvertebrate benthic community; problem characteristics were
numbers of long-lived species and the abundance of chironomids. On a more positive note, this site
exhibited excellent species diversity. The Cherokee inflow benthic macroinvertebrate community improved
substantially since last year, resulting in an excellent rating. The only factor that kept this site from
receiving a perfect score for the benthic component was a slightly elevated number of chironomids in the
sample. The abundance of mayfly Hexagenia limbata, considered to be an intolerant, long-lived species,
greatly improved the benthic community rating at the inflow.

Fish Assemblage-Fish sampling in shoreline (45 electrofishing transects) and offshore/deep areas
(34 net-nights) of Cherokee Reservoir produced a total of 4,086 individuals including 33 species. The most
numerous species was gizzard shad (35 percent), followed by bluegill (20 percent), and largemouth bass
(14 percent). Species richness ranged from 24 in the transition, 25 in the forebay, to 27 in the inflow.
Electrofishing results indicated higher abundance in the inflow (1,458), where gizzard shad and largemouth
bass were most numerous, and in the forebay (1,104) where bluegill numbers were very high. Gill netting
catch rates were progressively higher from inflow to forebay areas due largely to abundance of gizzard
shad, quillback carpsuckers, and striped bass.

The Reservoir Fish Assemblage Index (RFAI) analysis of shoreline electrofishing data determined
the quality of the littoral fish communities of the forebay (RFAI=32) and inflow (RFAI=34) zones to be
fair and the transition (RFAI=30) to be poor. All three reservoir sample areas were rated fair based on gill
netting RFAI's. Combined electrofishing and gill netting RFAI scores for the forebay (RFAI=36), transition
(RFAI=34), and inflow (RFAI=35) zones of Cherokee Reservoir were all rated fair.

Summary of Conditions in 1993 - Use Suitability

Fecal Coliform Bacteria-One swimming beach, seven boat ramps, and the head of one small
embayment were tested for fecal coliform bacteria twelve times in 1993. Two samples were collected
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health evaluation for Cherokee Reservoir were good (i.e. falling in the 3 to lO J.lg/l range), at both the 
forebay and the mid-reservoir locations. 

Sediment-Chemical analyses of sediments in Cherokee Reservoir in 1993 indicated high levels of 
copper (57 mglkg) from the mid-reservoir and elevated levels of un-ionized ammonia from both the forebay 
(390 ~g/l) and mid-reservoir (290 f.1g/l). Toxicity tests detected acute toxicity to rotifers (75 percent 
survival) in the mid-reservoir. Particle size analysis showed sediments from the forebay were about 
100 percent silt and clay and from the mid-reservoir were 99 percent silt and clay. 

Sediment quality ratings used in the overall Cherokee Reservoir ecological health evaluation for 
1993 were good at the forebay (presence of ammonia); and poor at the mid-reservoir site (presence of 
copper and ammonia and toxicity to rotifers). 

Benthic Macroinvertebrates-In 1993, the overall condition of the benthic macroinvertebrate 
community in the forebay of Cherokee Reservoir remained approximately the same as in 1992. However, 
there was a slight increase in taxa (14) and decrease in density (510 organisms/m2). As in 1992, 
Tubificidae (45 percent) and Chironomus sp (26 percent) were the dominant taxa. 

The forebay had a fair macroinvertebrate benthic community; problem characteristics were 
numbers of long-lived species and the abundance of chironomids. On a more positive note, this site 
exhibited excellent species diversity. The Cherokee inflow benthic macroinvertebrate community improved 
substantially since last year, resulting in an excellent rating. The only factor that kept this site from 
receiving a perfect score for the benthic component was a slightly elevated number of chironomids in the 
sample. The abundance of mayfly Hexagenia Iimbata, considered to be an intolerant, long-lived species, 
greatly improved the benthic community rating at the inflow. 

Fish Assemblage-Fish sampling in shoreline (45 electrofishing transects) and offshore/deep areas 
(34 net-nights) of Cherokee Reservoir produced a total of 4,086 individuals including 33 species. The most 
numerous species was gizzard shad (35 percent), followed by bluegill (20 percent), and largemouth bass 
(14 percent). Species richness ranged from 24 in the transition, 25 in the forebay, to 27 in the inflow. 
Electrofishing results indicated higher abundance in the inflow (1,458), where gizzard shad and largemouth 
bass were most numerous, and in the forebay (1,104) where bluegill numbers were very high. Gill netting 
catch rates were progressively higher from inflow to forebay areas due largely to abundance of gizzard 
shad, quilIback carpsuckers, and striped bass. 

The Reservoir Fish Assemblage Index (RF AI) analysis of shoreline electrofishing data determined 
the quality of the littoral fish communities of the forebay (RFAI=32) and inflow (RFAI=34) zones to be 
fair and the transition (RFAI=30) to be poor. All three reservoir sample areas were rated fair based on gill 
netting RF AI's. Combined electrofishing and gill netting RF AI scores for the forebay (RF AI=36), transition 
(RFAI=34), and inflow (RFAI=35) zones of Cherokee Reservoir were all rated fair. 

Summary of Conditions in 1993 - Use Suitability 

Fecal Coliform Bacteria-One swimming beach, seven boat ramps, and the head of one small 
embayment were tested for fecal coliform bacteria twelve times in 1993. Two samples were collected 
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within 48-hours of a rainfall of at least one-half inch. Fecal coliform bacteria concentrations were very low
(geometric mean <20/100 ml) at the swimming beach and at six of the boat ramps. At the Malinda Bridge
boat ramp and at the head of Spring Creek Embayment, the geometric mean fecal coliform concentrations
were between 20 and 50/100 ml, well below the Tennessee criterion for recreation.

Fish Tissue-Channel catfish were collected from Cherokee Reservoir as part of screening studies
in autumn 1992. Results indicated low or nondetectable concentrations of metals. Mercury, known to be a
problem in the North Fork Holston River, was 0.29 ýtg/g at the forebay with lower concentrations at the

other two locations. The only organics found were PCBs and chlordane. Chlordane concentrations were
low (maximum 0.07 tg/g) and PCB concentrations were generally similar to those in past years - 0.8, 0.5,
and 0.5 ýtg/g at the forebay, transition zone, and inflow, respectively.
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Fort Patrick Henry Reservoir

Summary of Conditions in 1993 - Ecological Health

Water-Average flow through Fort Patrick Henry Reservoir in 1993 was about 91 percent of
normal. It is only stratified due to the continual release of cold water from the three upstream dams. The
maximum temperature difference in the water column was 12.5°C in July. The maximum surface
temperature was 27.8°C in July, well below Tennessee's maximum temperature criterion for aquatic life of
30.5'C. Low DO (<5.0 mg/I) conditions developed in July, August, and October, but DO never dropped
below 2.2 mg/l. Absence of DO <2.0 mg/i gave Fort Patrick Henry Reservoir a good rating for DO in the
reservoir ecological health index.

Conductivities varied widely from month to month and in the water column, but averaged the
fourth highest of the 19 tributary reservoirs. The minimum was 150 mnihos/cm at the bottom of the water
column in May, and the maximum was 216 pnmhos/cm in September, also at the bottom of the water
column. Surface pH reached or exceeded 9.0 in July, August, and September, while bottom pH never fell
below 7.1.

Relatively high nutrient concentrations were found: the total nitrogen concentration in April was
1.08 mg/l, 72 percent as nitrates, and 0.63 mg/I in August, 62 percent as organic nitrogen, Total
phosphorus concentrations were 0.02 mg/I in both surveys. Total organic concentrations were 2.0 mg/I in
April and 2.8 mg/I in August. Chlorophyll a concentrations tied for the fourth highest of the 33 tributary
reservoir stations, averaging 10.3 gig/l. This chlorophyll concentration was considered fair in the reservoir
ecological health index. Water clarity was low. Secchi depths ranged from 1.3 meters in September to
1.7 meters in July and August.

Sediment-Chemical analyses of sediments from the forebay of Fort Patrick Henry Reservoir in
1993 indicated slightly elevated levels of un-ionized ammonia (210 ptg/l). Toxicity tests detected no toxicity
to the two organisms tested. Particle size analysis showed sediments from the forebay were 99 percent silt
and clay.

The sediment quality rating used in the overall Fort Patrick Henry Reservoir ecological health
evaluation for 1993 was good at the forebay (presence of ammonia).

Benthic Macroinvertebrates-The first year that the benthic community in this tributary reservoir
was evaluated was 1993. The forebay, the only sample location, had a fair benthic macroinvertebrate

2community with 11 taxa, 438 organisms/m , and Tubificidae as the dominant taxa (63 percent). The
absence of EPT taxa and the abundance of tubificids negatively impacted the benthic community. An
average representation of the long-lived species Corbicula fluminea, average taxa richness, and low
numbers of chironomids were all positive attributes of the benthic community.

Fish Assemblage-Only the forebay zone was sampled on Fort Patrick Henry Reservoir in fall
1993. Shoreline electrofishing (15 transects) and offshore experimental gill netting (12 net-nights) yielded
1,251 individuals represented by 22 species. Fifty-one percent of the total catch consisted of spotfin
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Fort Patrick Henry Reservoir 

Summary of Conditions in 1993 - Ecological Health 

Water-Average flow through Fort Patrick Henry Reservoir in 1993 was about 91 percent of 
normal. It is only stratified due to the continual release of cold water from the three upstream dams. The 
maximum temperature difference in the water column was 12.5°C in July. The maximum surface 
temperature was 27.SoC in July, well below Tennessee's maximum temperature criterion for aquatic life of 
30.5°C. Low DO «5.0 mgIJ) conditions developed in 1uly, August, and October, but DO never dropped 
below 2.2 mgIJ. Absence of DO <2.0 mgll gave Fort Patrick Henry Reservoir a good rating for DO in the 
reservoir ecological health index. 

Conductivities varied widely from month to month and in the water column, but averaged the 
fourth highest of the 19 tributary reservoirs. The minimum was 150 ~os/cm at the bottom of the water 
column in May, and the maximum was 216 JJ.I11hos/cm in September, also at the bottom of the water 
column. Surface pH reached or exceeded 9.0 in July, August, and September, while bottom pH never fell 
below 7.1. 

Relatively high nutrient concentrations were found: the total nitrogen concentration in April was 
1.08 mgll, 72 percent as nitrates, and 0.63 mgll in August, 62 percent as organic nitrogen. Total 
phosphorus concentrations were 0.02 mgll in both surveys. Total organic concentrations were 2.0 mgll in 
April and 2.8 mglJin August. Chlorophyll a concentrations tied for the fourth highest of the 33 tributary 
reservoir stations, averaging 10.3 ~gI1. This chlorophyll concentration was considered fair in the reservoir 
ecological health index. Water clarity was low. Secchi depths ranged from 1.3 meters in September to 
1.7 meters in 1uly and August. 

Sediment-Chemical analyses of sediments from the forebay of Fort Patrick Henry Reservoir in 
1993 indicated slightly elevated levels of un-ionized ammonia (210 Jlgll). Toxicity tests detected no toxicity 
to the two organisms tested. Particle size analysis showed sediments from the forebay were 99 percent silt 
and clay. 

The sediment quality rating used in the overall Fort Patrick Henry Reservoir ecological health 
evaluation for 1993 was good at the forebay (presence of ammonia). 

BenthiC Macroinvertebrates-The first year that the benthic community in this tributary reservoir 
was evaluated was 1993. The forebay, the only sample location, had a fair benthic macroinvertebrate 
community with 11 taxa, 438 organisms/m2, and Tubificidae as the dominant taxa (63 percent). The 
absence ofEPT taxa and the abundance oftubificids negatively impacted the benthic community. An 
average representation of the long-lived species Corbicula fluminea, average taxa richness, and low 
numbers of chironomids were all positive attributes of the benthic community. 

Fish Assemblage-Only the forebay zone was sampled on Fort Patrick Henry Reservoir in fall 
1993. Shoreline electrofishing (15 transects) and offshore experimental gill netting (12 net-nights) yielded 
1,251 individuals represented by 22 species. Fifty-one percent of the total catch consisted of spot fin 
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shiners, followed by gizzard shad (23 percent), bluegill (7 percent), carp (6 percent), and largemouth bass
(5 percent).

. Fish community conditions were rated fair for both electrofishing (RFAI=38) and gill netting
(RFAI=34) in the forebay zone of Fort Patrick Henry Reservoir. The overall RFAI of 36 also rated the
reservoir forebay as fair.

Summary of Conditions in 1993 - Use Suitability

Fecal Coliform Bacteria-The boat ramp at Warriors Path State Park was tested for fecal
coliform bacteria in 1993. The geometric mean concentration was 94/100 ml, well within Tennessee's
Criterion for water contact recreation.

Fish Tissue-Autumn 1993 was the first time TVA had conducted fish tissue samples from Fort

Patrick Henry Reservoir. Results were not available at the time this report was prepared.
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Boone Reservoir

Summary of Conditions in 1993 - Ecological Health

Water-The average flow through Boone Reservoir in 1993 was about 97 percent of normal, with
an average residence time of 38.5 days. Boone Reservoir has two large arms, the South Fork Holston River
and Watauga River, their confluence is slightly more than one mile upstream of Boone Dam. Both arms
receive cold water releases from the deep impoundments upstream. Consequently, Boone Reservoir remains
stratified throughout the sampling period, with a maximum temperature difference in the water column at
the forebay of 16.3YC in July. The maximum surface temperature was 28.9°C at the forebay in July, well
below Tennessee's maximum temperature criterion for aquatic life of 30.5°C. DO depletion (DO <2.0 mg/1)
at the forebay and in the South Fork Holston River arm was limited to the metalimnion from July through
October. In the Watauga arm, DO depletion occurred at the bottom in September. The limited amount of
DO depletion gave the forebay a good rating and both mid-reservoir stations fair ratings for DO in the
reservoir ecological health index.

Conductivities varied widely by month and depth. In the Watauga arm, conductivities ranged from
74 ýLmhos/cm at the bottom in May to 236 plmhos/cm in the metalimnion in September. In the South Fork
Holston River arm, conductivities varied from 177 ptmhos/cm at the surface to 264 pmhos/cm in the
metalimnion in July. Conductivities in the forebay reflected the mixing of these two rivers. The minimum
pH was 6.7 in the Watauga arm in September, while pH reached 9.1 in both the forebay and Watauga arm
in the summer.

Total nitrogen concentrations on South Fork Holston River were the third highest of the 33
tributary reservoir stations. Total nitrogen concentrations in April ranged from 0.76 mg/I on the Watauga
River to 1.07 mg/I on South Fork Holston River. About 60 percent of the total nitrogen was nitrates at each
site. Nitrate concentrations had dropped by August to 0.03 mg/l or less at each station, bringing the
average total nitrogen concentration to 0.41 mg/l, slightly higher at the mid-reservoir stations than at the
forebay. Total phosphorus concentrations were 0.01 mg/l on the Watauga River and 0.02 mg/I at the other
two sites in April. Total phosphorus concentrations dropped at the forebay from April to August to
0.008 mg/I, remained constant in the South Fork Holston River, and increased in the Watauga River to
0.03 mg/l. Dissolved ortho phosphorus concentrations were 0.003 mg/l in the Watauga River both months
and at the forebay in April, and <0.002 for the other three samples. The TN/TP ratios were high, 50:1 at
the forebay and higher at the other two stations. Total organic carbon concentrations were high, ranging
from 1.8 mg/1 in the Watauga River to 2.7 mg/I in the forebay in April, and 3.8 mg/l at both mid-reservoir
stations to 4.5 mg/I at the forebay in August. The forebay concentrations of total organic carbon were the
fourth highest of the tributary reservoir locations.

The two mid-reservoir stations had the second and third highest chlorophyll concentrations of the
tributary reservoir stations. Average chlorophyll a concentrations were 8.7 RAg/l at the forebay, 11.9 pLg/l in
the South Fork Holston River, and 10.4 ptg/l in the Watauga River. These concentrations are in the ranges
considered good for the forebay and fair for the two mid-reservoir locations in the reservoir ecological
health index. Water clarity was low at the mid-reservoir stations, Secchi depths varied from 1.0 meter in
the South Fork Holston River in June to 1.5 meters at both stations in October. The South Fork Holston
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Boone Reservoir 

Summary of Conditions in 1993 - Ecological Health 

Water-The average flow through Boone Reservoir in 1993 was about 97 percent of normal, with 
an average residence time of 38.5 days. Boone Reservoir has two large arms, the South Fork Holston River 
and Watauga River, their confluence is slightly more than one mile upstream of Boone Dam. Both arms 
receive cold water releases from the deep impoundments upstream. Consequently, Boone Reservoir remains 
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the forebay of 16.3°C in July. The maximum surface temperature was 28.9°C at the forebay in July, well 
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Total nitrogen concentrations on South Fork Holston River were the third highest of the 33 
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site. Nitrate concentrations had dropped by August to 0.03 mg/l or less at each station, bringing the 
average total nitrogen concentration to 0.41 mg/l, slightly higher at the mid-reservoir stations than at the 
forebay. Total phosphorus concentrations were 0.01 mgll on the Watauga River 'and 0.02 mgll at the other 
two sites in April. Total phosphorus concentrations dropped at the forebay from April to August to 
0.008 mg/l, remained constant in the South Fork Holston River, and increased in the Watauga River to 
0.03 mg/l. Dissolved ortho phosphorus concentrations were 0.003 mg/l in the Watauga River both months 
and at the forebay in April, and <0.002 for the other three samples. The TNrrP ratios were high, 50:1 at 
the forebay and higher at the other two stations. Total organic carbon concentrations were high, ranging 
from 1.8 mg/l in the Watauga River to 2.7 mg/l in the forebay in April, and 3.8 mg/l at both mid-reservoir 
stations to 4.5 mgll at the forebay in August. The forebay concentrations of total organic carbon were the 
fourth highest of the tributary reservoir locations. 

The two mid-reservoir stations had the second and third highest chlorophyll concentrations of the 
tributary reservoir stations. Average chlorophyll a concentrations were 8.7 ~ at the forebay, 11.9 ~g/l in 
the South Fork Holston River, and 10.4 Ilg/l in the Watauga River. These concentrations are in the ranges 
considered good for the forebay and fair for the two mid-reservoir locations in the reservoir ecological 
health index. Water clarity was low at the mid-reservoir stations, Secchi depths varied from 1.0 meter in 
the South Fork Holston River in June to 1.5 meters at both stations in October. The South Fork Holston 
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River mid-reservoir station had the second lowest water clarity of the tributary reservoir stations. At the
forebay, Secchi depths varied from 1.3 meters in May to 2.2 meters in October.

Sediment-Chemical analyses of sediments collected from three locations in Boone Reservoir in
1993 indicated very high levels of un-ionized ammonia at all three sites: 790 pAg/l at the forebay sampling
site; 660 Rtg/l at the South Fork Holston River (SFHR) mid-reservoir sampling site; and, 990 Wag/ at the
Watauga River (WR) mid-reservoir sampling site. Chlordane was also detected in sediment at all three
sampling sites: 22 txg/kg at the forebay site; 35 i±g/kg at the SFHR- mid-reservoir site; and, 35 !tg/kg at the
WR mid-reservoir site. In addition, high levels of copper (58 mg/kg) and zinc (370 mg/kg) were found at
the Watauga River mid-reservoir sampling site. However, no acute toxicity to daphnids nor rotifers was
found at any of the three sampling sites. Particle size analysis showed sediments in the forebay were about
100 percent silt and clay; in the S. F. Holston River mid-reservoir were 99 percent silt and clay; and in the
Watauga River mid-reservoir were 86 percent silt and clay, 14 percent sand.

Sediment quality ratings used in the overall Boone Reservoir ecological health evaluation for 1993
were good at the forebay as opposed to excellent because ammonia was elevated; good at the SFHR mid-
reservoir site (presence of ammonia); and fair at the WR mid-reservoir site (presence of copper, zinc, and
ammonia).

Benthic Macroinvertebrates-The first year that the benthic macroinvertebrate community was

evaluated on Boone Reservoir was 1993. The forebay site had a poor benthic community, with 1,107
organisms representing a mere 10 taxa; Tubificidae (58 percent) and the tubificid Limnodrilus hoffmeisteri
(38 percent) were the dominant taxa. The South Fork Holston River and the Watauga River mid-reservoir
sites both had poor benthic communities. Both had only 11 taxa, but the South Fork Holston inflow had a
lower density (615 organisms/m2) than the Watauga inflow (267). The tubificids Limnodrilus sp and
Tubificidae were the dominant taxa at both mid-reservoir sites comprising 91 percent of the total at the
South Fork Holston site and 96 percent of the total at the Watauga site.

The forebay and both inflows were negatively impacted by the absence of long-lived and EPT taxa,
and the abundance of tubificids. If not for the relatively low proportion of chironomids, all sites would have
received a "very poor" benthic rating.

Fish Assemblage-Electrofishing (45 transects) and gill netting (34 net-nights) results from Boone

Reservoir yielded 2,439 individuals of 23 species. Bluegill were the most abundant species, comprising
29 percent of the total number of fish sampled. Other species making up a significant portion of the
reservoir sample included gizzardshad (21 percent), spotfin shiners (21 percent), and carp (9 percent). Fish
abundance was greater in the Watauga River transition zone (1,414), followed by the South Fork Holston
River transition (632) and the forebay (393). Both electrofishing and gill netting total catch rates followed
the same pattern as abundance.

The Reservoir Fish Assemblage Index (RFAI) rated the quality of the littoral community (as

determined by electrofishing samples) fair in the Holston River transition (RFAI=32) and poor in both the
Watauga River transition (RFAI=28) and forebay zones (RFAI=26). Minimum metric scores for diversity,
and number of intolerant and lithophilic spawning species were recorded for all stations. The gill netting
RFAI followed the same pattern as electrofishing, rating the Holston River transition (RFAI=36) fair, and
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River mid-reservoir station had the second lowest water clarity of the tributary reservoir stations. At the 
forebay, Secchi depths varied from 1.3 meters in May to 2.2 meters in October. 

Sediment-Chemical analyses of sediments collected from three locations in Boone Reservoir in 
1993 indicated very high levels of un-ionized ammonia at all three sites: 790 ~ at the forebay sampling 
site; 660 1lg/1 at the South Fork Holston River (SFHR) mid-reservoir sampling site; and, 990 Jlg/l. at the 
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reservoir site (presence of ammonia); and fair at the WR mid-reservoir site (presence of copper, zinc, and 
ammonia). 
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South Fork Holston site and 96 percent of the total at the Watauga site. 

The forebay and both inflows were negatively impacted by the absence of long-lived and EPT taxa, 

and the abundance oftubificids. Ifnot for the relatively low proportion of chironomids, all sites would have 
received a "very poor" benthic rating. 

Fish Assemblage-Electrofishing (45 transects) and gill netting (34 net-nights) results from Boone 
Reservoir yielded 2,439 individuals of23 species. Bluegill were the most abundant species, comprising 
29 percent of the total number offish sampled. Other species making up a significant portion of the 
reservoir sample included gizzard\shad (21 percent), spotfin shiners (21 percent), and carp (9 percent). Fish 
abundance was greater in the Watauga River transition zone (1,414), followed by the South Fork Holston 
River transition (632) and the forebay (393). Both electrofishing and gill netting total catch rates followed 
the same pattern as abundance. 

The Reservoir Fish Assemblage Index (RFAI) rated the quality of the littoral community (as 
determined by electrofishing samples)fair in the Holston River transition (RFAI=32) and poor in both the 
Watauga River transition (RFAI=28) and forebay zones (RFAI=26). Minimum metric scores for diversity, 
and number of intolerant and lithophilic spawning species were recorded for all stations. The gill netting 
RFAI followed the same pattern as electrofishing, rating the Holston River transition (RFAI=36) fair, and 
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both the Watauga River transition (RFAI=28) and forebay (RFAI=26) zones poor. Scoring at all zones
revealed scattered values for most metrics with the exception of maximum scores (5) for percent anomalies,
and minimum scores (1) for percent tolerant and omnivorous species.

Combined electrofishing and gill netting RFAI scores for both the forebay (RFAI=26) and
Watauga River transition (RFAI=28, which was the lowest tributary transition RFAI recorded in 1993)
rated poor and the Holston River transition zone (RFAI=34) rated fair.

Summary of Conditions in 1993 - Use Suitability

Fecal Coliform Bacteria-Two swimming areas and four boat ramps were each tested for fecal
coliform bacteria twelve times in 1993. No samples were collected within 48-hours of a rainfall of at least
one-half inch. Bacteria concentrations were very low (geometric mean <20/100 ml) at the four boat ramps.
The geometric mean fecal coliform concentration at the swimming beaches were 106 and 51/100 ml, well
within Tennessee's criterion of 200/100 ml for water contact recreation. One sample at the Boone Dam
recreation area exceeded Tennessee's maximum concentration criterion for one sample of 1000/100 ml.

Fish Tissue-Past studies conducted by the state of Tennessee found PCBs and chlordane in fish
tissue, resulting in a state issued advisory that catfish and carp should not be eaten by children, pregnant
women, and nursing mothers. Further, all other people should limit their consumption of these particular
fish. Fish samples were collected by TVA in autumn 1993, but results were not available at the time this
report was prepared.
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both the Watauga River transition (RFAI=28) and forebay (RFAI=26) zones poor. Scoring at all zones 
revealed scattered values for most metrics with the exception of maximum scores (5) for percent anomalies, 
and minimum scores (1) for percent tolerant and omnivorous species. 

Combined electrofishing and gill netting RF AI scores for both the forebay (RF AI=26) and 
Watauga River transition (RFAI=28, which was the lowest tributary transition RFAI recorded in 1993) 
rated poor and the Holston River transition zone (RFAI=34) rated fair. 

Summary of Conditions in 1993 - Use Suitability 

Fecal Coliform Bacteria-Two swimming areas and four boat ramps were each tested for fecal 
coliform bacteria twelve times in 1993. No samples were collected within 48-hours ofa rainfall of at least 
one-half inch. Bacteria concentrations were very low (geometric mean <20/100 mIl at the four boat ramps. 
The geometric mean fecal coliform concentration at the swimming beaches were 106 and 51/100 mI, well 
within Tennessee's criterion of 200/100 mI for water contact recreation. One sample at the Boone Dam 
recreation area exceeded Tennessee's maximum concentration criterion for one sample of 1000/100 mI. 

Fish Tissue-Past studies conducted by the state of Tennessee found PCBs and chlordane in fish 
tissue, resulting in a state issued advisory that catfish and carp should not be eaten by children, pregnant 
women, and nursing mothers. Further, all other people should limit their consumption of these particular 
fish. Fish samples were colleCted by TVA in auturrui 1993, but results were not available at the time this 
report was prepared. 
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South Holston Reservoir

Summary of Conditions in 1993 - Ecological Health

Water-The average flow through South Holston Reservoir in 1993 was near normal with an
average residence time of about 341 days. The reservoir was strongly stratified, with a maximum
temperature difference in the forebay water column of 21.9 0C in July. The maximum surface temperature
was 28.3°C at the forebay in July, well below Tennessee's maximum temperature criterion for aquatic life
of 30.5 0C. DO depletion (DO <2.0 mg/l) occurred in both the metalimnion and at the bottom of the water
column. Areas of DO depletion began in July at mid-reservoir and August at mid-reservoir. Because the
water was clearer at the forebay than at mid-reservoir and the photic zone was deeper, metalimnetic DO
depletion occurred at deeper depths in the forebay than at mid-reservoir and the area of low DO was not
mixed as the surface cooled in October as was the case at mid-reservoir. For the reservoir ecological health
index, DO was considered fair at the forebay and poor at mid-reservoir.

Conductivities varied widely by month and depth, from a minimum of 72 pmhos/cm in May near
the bottom at the forebay to 270 pJmhos/cm at the mid-reservoir bottom in September. Surface pH was
between 8.5 and 9.0 at both stations each month except for April at the forebay. The minimum pH was 7.1
at mid-reservoir in September.

Total nitrogen concentrations were 0.75 and 1.08 mg/I in April at the forebay and mid-reservoir,
respectively, about three-fourths as nitrates. In August, the total nitrogen concentration had dropped to
0.36 mg/I at both stations, primarily due to a decline in nitrates. The mid-reservoir total nitrogen
concentrations were the fourth highest of the 33 tributary reservoir stations. In April, total and dissolved
ortho phosphorus concentrations were 0.01 and 0.003 mg/I at the forebay and 0.02 and 0.003 mg/i at mid-
reservoir. In August, total phosphorus was <0.002 mg/I at the forebay and 0.003 at mid-reservoir. TN/TP
ratios were very high, over 50 in April and over 100 in August. Total organic carbon concentrations varied
only from 1.7 mg/I in April to 2.7 mg/I in August, both concentrations at mid-reservoir.

Average chlorophyll a concentrations were 3.4 pgg/1 at the forebay and 7.0 JLg/l at mid-reservoir.

These concentrations are in the range considered good in the reservoir ecological health index. Secchi
depths varied from 1.6 m in April to 2.3 m in September and October at mid-reservoir and from 2.0 m in
May to 5.75 m in June at the forebay. The forebay had the fourth clearest water of the 19 tributary
reservoir forebays.

Sediment-Chemical analyses of sediments in South Holston Reservoir in 1993 indicated the
presence of chlordane (12 ptg/kg) and un-ionized ammonia (310 4.g/l) in the mid-reservoir. Toxicity tests
detected no acute toxicity to daphnids or rotifers, however survival of daphnids (75 percent survival) was
reduced in the forebay. Particle size analysis showed sediment in the forebay were 99 percent silt and clay,
and in the mid-reservoir were 98 percent silt and clay.

Sediment quality ratings used in the overall South Holston Reservoir ecological health evaluation
for 1993 were good at the forebay as opposed to excellent due to reduced survival of daphnids) and good at
the mid-reservoir site (presence of ammonia and chlordane).
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Summary of Conditions in 1993 - Ecological Health 

Water-The average flow through South Holston Reservoir in 1993 was near normal with an 
average residence time of about 341 days. The reservoir was strongly stratified, with a maximum 
temperature difference in the forebay water column of 21. 9°C in July. fhe maximum surface temperature 
was 28.3°C at the forebay in July, well below Tennessee's maximum temperature criterion for aquatic life 
of 30.5°C. DO depletion (DO <2.0 mg/l) occurred in both the metalimnion and at the bottom of the water 
column. Areas of DO depletion began in July at mid-reservoir and August at mid-reservoir. Because the 
water was clearer at the forebay than at mid-reservoir and the photic zone was deeper, metalimnetic DO 
depletion occurred at deeper depths in the forebay than at mid-reservoir and the area of low DO was not 
mixed as the surface cooled in October as was the case at mid-reservoir. For the reservoir ecological health 
index, DO was considered fair at the forebay and poor at mid.;.reservoir. 

Conductivities varied widely by month and depth, from a minimum of 72 J.U11hos/cm in May near 
the bottom at the forebay to 270 J.U11hos/cm at the mid-reservoir bottom in September. Surface pH was 
between 8.5 and 9.0 at both statioris each month except for April at the forebay. The minimum pH was 7.1 
at mid-reservoir in September. 

Total nitrogen concentrations were 0.75 and 1.08 mg/l in April at the forebay and mid-reservoir, 
respectively, about three-fourths as nitrates. In August, the total nitrogen concentration had dropped to 
0.36 mg/l at both stations, primarily due to a decline in nitrates. The mid-reservoir total nitrogen 
concentrations were the fourth highest of the 33 tributary reservoir stations. In April, total and dissolved 
ortho phosphorus concentrations were 0.01 and 0.003 mg/l at the forebay and 0.02 and 0.003 mg/l at mid
reservoir. In August, total phosphorus was <0.002 mg/l at the forebay and 0.003 at mid-reservoir. lNlTP 
ratios were very high, over 50 in April and over 100 in August. Total organic carbon concentrations varied 
only from 1.7 mg/l in April to 2.7 mgll in August, both concentrations at mid-reservoir. 

Average chlorophyll a concentrations were 3.4 Ilg/l at the forebay and 7.0 Ilg/l at mid-reservoir. 
These concentrations are in the range considered good in the reservoir ecological health index. Secchi 
depths varied from 1.6 m in April to 2.3 m in September and October at mid-reservoir and from 2.0 m in 
May to 5.75 m in June at the forebay. The forebay had the fourth clearest water of the 19 tributary 
reservoir forebays. 

Sediment-Chemical analyses of sediments in South Holston Reservoir in 1993 indicated the 
presence of chlordane (12 Ilg/kg) and un-ionized ammonia (310 Ilg/l) in the mid-reservoir. Toxicity tests 
detected no acute toxicity to dapbnids or rotifers, however survival of daphnids (75 percent survival) was 
reduced in the forebay. Particle size analysis showed sediment in the forebay were 99 percent silt and clay, 
and in the mid-reservoir were 98 percent silt and clay. 

Sediment quality ratings used in the overall South Holston Reservoir ecological health evaluation 
for 1993 were good at the forebay as opposed to excellent due to reduced survival of daphnids) and good at 
the mid-reservoir site (presence of ammonia and chlordane). 
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Benthic Macroinvertebrates-The first year that the benthic macroinvertebrate community was
evaluated on the South Holston Reservoir was 1993. The forebay site had a very poor community, with
only 3 taxa, 98 organisms/m 2, and the tolerant Tubificidae comprising 97 percent of the total. The inflow

2site rated somewhat better with 13 taxa and 354 organisms/m , dominated by Tubificidae (69 percent).
The forebay site had very poor benthic community structure as indicated by low diversity, the

absence of EPT and long-lived taxa, and the preponderance of tubificids; a low number of chironomids was
the only metric that kept this site from receiving the lowest possible score. The inflow site had a fair
benthic representation, but an absence of EPT taxa and an abundance of tubificids were negative attributes
of the community. As was the case at the forebay, a low number of chironomids found at the site was a
considered a positive indicator. Diversity and the presence of long-lived species allowed the inflow site to
receive a better rating than the forebay site.

Fish Assemblage-Fish samples taken in the shoreline areas (30 electrofishing transects) and
offshore/deep areas (24 net-nights) of South Holston Reservoir produced a total of 2,160 individuals
represented by 27 species. Fish density and diversity was similar between the forebay (1,246 individuals of
20 taxa) and transition zone (914 individuals of 23 taxa). No inflow zone sample was collected from South
Holston Reservoir. The three most abundant species were spotfin shiner (46 percent), gizzard shad
(10 percent), and bluegill (8 percent). Other abundant species included black crappie and walleye at six
percent, and white bass at five percent of the total catch. Gill netting results indicated an increase from
1992 estimates in black crappie numbers in both forebay and transition zones.

RFAI analysis of electrofishing data determined the quality of the littoral fish community in the
transition zone (RFAI=40) and forebay (RFAI=38) to be fair. Gill netting RFAI rated the transition
(RFAI=32) fair and forebay (RFAI=50) good. Forebay scores for all metrics were maximum except for
number of sunfish and sucker species, and percent insectivores. The forebay score of 50 represented a
substantial improvement from the previous sample season (1992 RFAI=28). Combined electrofishing and
gill netting RFAI scores rated the forebay (RFAI=44) zone good and the transition (RFAI=36) fair.

Summary of Conditions in 1993 - Use Suitability

Fecal Coliform Bacteria-One informal swimming area and three boat ramps were each tested
for fecal coliform bacteria twelve times in 1993. No samples were collected within 48-hours of a rainfall of
at least one-half inch. Fecal coliform bacteria concentrations were very low (geometric mean concentration
<20/100 ml) at all four sites.

Fish Tissue-There are no fish consumption advisories on South Holston Reservoir. The most
recent TVA data for fish tissue samples are for fish collected in autumn 1991. The single composite of
channel catfish from the forebay had low or nondetectable concentrations of all pesticides, PCBs, and
metals (except mercury). The mercury concentration was 0.42 Rag/g, just high enough to be of interest.
Additional fish tissue samples were collected from the forebay in autumn 1993, but results were not
available at the time this report was prepared.
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Benthic Macroinvertebrates-The first year that the benthic macroinvertebrate community was 
evaluated on the South Holston Reservoir was 1993. The forebay site had a very poor community, with 
only 3 taxa, 98 organisms/m2, and the tolerant Tubificidae comprising 97 percent of the total. The inflow 
site rated somewhat better with 13 taxa and 354 organisms/m2, dominated by Tubificidae (69 percent). 

The forebay site had very poor benthic community structure as indicated by low diversity, the 
absence ofEPT and long-lived taxa, and the pre~onderance oftubificids; a low number of chironomids was 
the only metric that kept this site from receiving the lowest possible score. The inflow site had a fair 
benthic representation, but an absence ofEPT taxa and an abundance oftubificids were negative attributes 
of the community. As was the case at the forebay, a low number of chironomids found at the site was a 
considered a positive indicator. Diversity and the presence of long-lived species allowed the inflow site to 
receive a better rating than the forebay site. 

Fish Assemblage-Fish samples taken in the shoreline areas (30 electrofishing transects) and 
offshore/deep areas (24 net-nights) of South Holston Reservoir produced a total of2,160 individuals ' 
represented by 27 species. Fish density and diversity was similar between the forebay (1,246 individuals of 
20 taxa) and transition zone (914 individuals of23 taxa). No inflow zone sample was collected from South 
Holston Reservoir. The three most abundant species were spotfin shiner (46 percent), gizzard shad 
(10 percent), and bluegill (8 percent). Other abundant species included black crappie and walleye at six 
percent, and white bass at five percent of the total catch. Gill netting results indicated an increase from 
1992 estimates in black crappie numbers in both forebay and transition zones. 

RF AI analysis of electrofishing data determined the quality of the littoral fish community in the 
transition zone (RFAI=40) and forebay (RFAI=38) to be fair. Gill netting RFAI rated the transition 
(RF AI=32) fair and forebay (RF AI=50) good. Forebay scores for all metrics were maximum except for 
number of sunfish and sucker species, and percent insectivores. The forebay score of 50 represented a 
substantial improvement from the previous sample season (1992 RFAI=28). Combined electrofishing and 
gill netting RF AI scores rated the forebay (RF AI=44) zone good and the transition (RF AI=36) fair. 

Summary of Conditions in 1993 - Use Suitability 

Fecal Coliform Bacteria-One informal swimming area and three boat ramps were each tested 
for fecal coliform bacteria twelve times in 1993. No samples were collected within 48-hours of a rainfall of 
at least one-half inch. Fecal coliform bacteria concentrations were very low (geometric mean concentration 
<2011 00 ml) at all four sites. 

Fish Tissue-There are no fish consumption advisories on South Holston Reservoir. The most 
recent TVA data for fish tissue samples are for fish collected in autumn 1991. The single composite of 
channel catfish from the forebay had low or nondetectable concentrations of all pesticides, PCBs, and 
metals (except mercury). The mercury concentration was 0.42 ",gig, just high enough to be of interest. 
Additional fish tissue samples were collected from the forebay in autumn 1993, but results were not 
available at the time this report was prepared. 
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Watauga Reservoir

Summary of Conditions in 1993 - Ecological Health

Water-The average flow through Watauga Reservoir in 1993 was near normal with an average
residence time of about 404 days. Watauga Reservoir was strongly stratified with a maximum temperature
difference in the forebay water column of 21.3°C in July. The maximum surface temperature was 28.8°C
at mid-reservoir in July, less than Tennessee's maximum temperature criterion for aquatic life of 30.5°C. At
the forebay, the area of DO depletion (DO < 2.0 mg/l) was limited to the bottom of the water column in
October. At mid-reservoir, areas of DO depletion developed in both the metalimnion and at the bottom of
the reservoir in September and October. The limited amount of DO depletion gave the forebay a rating of
good and mid-reservoir a rating of fair for DO in the reservoir ecological health index.

The maximum conductivity was 101 jimhos/cm at the forebay and 96 Wlhos/cm at mid-reservoir,
both at the bottom of the water column in September. At both stations pH reached 9.0 near the surface, the
minimum pH was 6.5 in the mid-reservoir metalimnion in September.

Total nitrogen concentrations in April were 0.80 mg/I at mid-reservoir and 0.61 mg/I at the

forebay, about three-fourths of the total at each site as nitrates. The total nitrogen concentration in August
was about half the April total with the reduction due to a decline in nitrate concentrations as organic
nitrogen concentrations rose slightly. Total phosphorus concentrations in April were 0.02 mg/l at mid-
reservoir and 0.01 mg/l at the forebay. August concentrations were about half of the April total. TN/TP
ratios were 40 or higher for each sample. Dissolved ortho phosphorus concentrations were at or below the
detection limit of 0.002 mg/I for all four samples. Total organic carbon concentrations at mid-reservoir
were 1.8 and 3.2 mg/l in April and August, respectively, and 2.1 mg/l at the forebay in August.

The average chlorophyll a concentration was 4.1 wig/I at the forebay and 5.9 jtg/l at mid-reservoir.
These concentrations are in the good range for the reservoir ecological health index. Secchi depths varied at
the forebay from 1.3 m in April to 3.9 m in May, and at mid-reservoir from 1.7 m in April to 4.2 m in
September.

Sediment-Chemical analyses of sediments in Watauga Reservoir in 1993 indicated the presence
of chlordane in both forebay (22 pjg/kg) and in the mid-reservoir (36 jig/kg). Elevated levels of un-ionized
ammonia (260 jig/1) were found in the forebay. Toxicity tests detected acute toxicity to daphnids (0 percent
survival) and rotifers (5 percent survival) in the forebay. Particle size analysis showed sediments in the
forebay were about 100 percent silt and clay, and in the mid-reservoir were 99 percent silt and clay.

Sediment quality ratings used in the overall Watauga Reservoir ecological health evaluation for
1993 were poor at the forebay (acute toxicity to daphnids and rotifers and presence of chlordane and
ammonia); and good at the mid-reservoir site (presence of chlordane).

Benthic Macroinvertebrates-The first year that the benthic macroinvertebrate community was
evaluated on Watauga Reservoir was 1993. The forebay and mid-reservoir sites both had very poor benthic
commnunities with only 7 and 9 taxa, respectively, and 158 and 60 organisms/m2, respectively. The forebay
was dominated by Tubificidae (79 percent of the total) and the inflow was dominated by the chironomid
Einfeldia sp (53 percent).

145

Watauga Reservoir 

Summary of Conditions in 1993 - Ecological Health 

Water-The average flow through Watauga Reservoir in 1993 was near normal with an average 
residence time of about 404 days. Watauga Reservoir was strongly stratified with a maximum temperature 
difference in the forebay water column of 21.3°C in July. The maximum surface temperature was 28.8°C 
at mid-reservoir in July, less than Tennessee's maximum temperature criterion for aquatic life of30.5°C. At 
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October. At mid-reservoir, areas of DO depletion developed in both the metalimnion and at the bottom of 
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good and mid-reservoir a.rating of fair for DO in the reservoir ecological health index. 
The maximum conductivity was 101 J.1Illhos/cm at the forebay and 96 J.1Illhos/cm at mid-reservoir, 

both at the bottom of the water column in September. At both stations pH reached 9.0 near the surface, the 
minimum pH was 6.5 in the mid-reservoir metalirnnion in September. 

Total nitrogen concentrations in April were 0.80 mgll at mid-reservoir and 0.61 mgll at the 
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was about half the April total with the reduction due to a decline in nitrate concentrations as organic 
nitrogen concentrations rose slightly. Total phosphorus concentrations in April were 0.02 mgll at mid
reservoir and 0.01 mg/l at the forebay. August concentrations were about half of the April total. TNITP 
ratios were 40 or higher for each sample. Dissolved orthophosphorus concentrations were at or below the 
detection limit of 0.002 mgll for all four samples. Total organic carbon concentrations at mid-reservoir 
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The average chlorophyll a concentration was 4.1 ~ at the forebay and 5.9 ~gIl at mid-reservoir. 
These concentrations are in the good range for the reservoir ecological health index. Secchi depths varied at 
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the forebay from 1.3 m in April to 3.9 m in May, and at mid-reservoir from 1.7 m in April to 4.2 m in 
September. 

Sediment-Chemical. analyses of sediments in Watauga Reservoir in 1993 indicated the presence 
of chlordane in both forebay (22 ~g/kg) and in the mid-reservoir (36 ~g/kg). Elevated levels of un-ionized 
ammonia (260 ~gIl) were found in the forebay. Toxicity tests detected acute toxicity to dapbnids (0 percent 
survival) and rotifers (5 percent survival) in theforebay. Particle size analysis showed sediments in the 
forebay were about 100 percent silt and clay, and in the mid-reservoir were 99 percent silt and clay. 

Sediment quality ratings used in the overall Watauga Reservoir ecological health evaluation for 
1993 were poor at the forebay (acute toxicity to dapbnids and rotifers and presence of chlordane arid 
ammonia); and good at the mid-reservoir site (presence of chlordane). 

Benthic Macroinvertebrates-The first year that the benthic macroinvertebrate community was 
evaluated on Watauga Reservoir was 1993. The forebay and mid-reservoir sites both had very poor benthic 
communities with o;.uy 7 and 9 taxa, respectively, and 158 and 60 organisms/m2, respectively. The forebay 
was dominated by Tubificidae (79 percent of the total) and the inflow was dominated by the chironomid 
Einfeldia sp (53 percent). 

145 



Scores at both sites were negatively influenced by three common factors: low diversity, the
absence of EPT taxa, and the absence of long-lived taxa. An interesting difference was observed between
the forebay and inflow sites on Watauga: the forebay site was overwhelmingly dominated by the tubificids
which negatively impacted the community rating, but very few chironomids were found, whereas the inflow
site was overwhelmingly dominated by chironomids which negatively impacted the rating at that site, but
very few tubificids were found.

Fish Assemblage-Combined fish samples in shoreline electrofishing (30 transects) and offshore
gill netting (24 net-nights) produced a total of 1,102 individuals including 20 species in the transition and
forebay zones of Watauga Reservoir. No sampling was conducted in the inflow zone. Fish were more
abundant in the transition zone (63 percent of total) but diversity was similar in both sample areas (14 taxa
in the forebay and 17 in the transition). The three dominant species by number were bluegill (23 percent),
gizzard shad (20 percent), and walleye (16 percent). Other common species were spotfin shiners
(11 percent), and rockbass (9 percent).

Analysis of shoreline electrofishing data identified a very poor littoral fish community in the
forebay zone (RFAI=20) of Watauga Reservoir. In fact, the forebay score of 20 was the lowest observed
(in both 1992 and 1993) in comparable areas of other tributary reservoirs that were sampled. The low
forebay RFAI resulted from minimum scores in eight of the twelve metrics used for evaluation. Although
the transition zone (RFAI=40) fish community rated only fair, it did receive maximum scores in five of the
twelve metrics. Gill netting RFAI evaluations rated the transition zone (RFAI=34) fair and forebay
(RFAI=30) poor. The slightly lower forebay rating resulted from minimum scores for six of the twelve
metrics.

Combined electrofishing and gill netting RFAI score of 25 indicated a poor rating for the forebay
(only Parksville Reservoir had a lower forebay score). The transition zone (RFAI=37) rated fair.

Summary of Conditions in 1993 - Use Suitability

Fecal Coliform Bacteria-The swimming beach at Shook Branch Recreation Area and an
informal swimming area at Watauga Point and three boat ramps were tested for fecal coliform bacteria
twelve times each in 1993. No sample was collected within 48-hours of a rainfall of one-half inch or
greater. Fecal coliform bacteria concentrations were very low (geometric mean concentration <20/100 ml)
at all five sites.

Fish Tissue-There are no fish consumption advisories on Watauga Reservoir. The most recent
fish tissue collections by TVA were made in autumn 1991. All pesticides, PCBs, and metals (except
mercury) were low or not detected in the single channel catfish composite from the forebay. The mercury
concentration was 0.53 g±g/g. Additional fish tissue screening samples were collected in autumn 1993, but
results were not available at the time this report was prepared.
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Scores at both sites were negatively influenced by three common factors: low diversity, the 
absence of EPT taxa, and the absence of long-lived taxa. An interesting difference was observed between 
the forebay and inflow sites on Watauga: the forebay site was overwhelmingly dominated by the tubificids 
which negatively impacted the community rating, but very few chironomids were found, whereas the inflow 
site was overwhelmingly dominated by chironomids which negatively impacted the rating at that site, but 
very few tubificids were found. 

Fish Assemblage-Combined fish samples in shoreline electrofishing (30 transects) and offshore 
gill netting (24 net-nights) produced a total of 1,102 individuals including 20 species in the transition and 
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gizzard shad (20 percent), and walleye (16 percent). Other common species were spotfin shiners 
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Analysis of shoreline electrofishing data identified a very poor littoral fish community in the 
forebay zone (RFAI=20) of Watauga Reservoir. In fact, the forebay score of20 was the lowest observed 
(in both 1992 and 1993) in comparable areas of other tributary reservoirs that were sampled. The low 
forebay RF AI resulted from minimum scores in eight of the twelve metrics used for evaluation. Although 
the transition zone (RFAI=40) fish community rated only fair, it did receive maximum scores in five of the 
twelve metrics. Gill netting RFAI evaluations rated the transition zone (RFAI=34) fair and forebay 
(RFAI=30) poor. The slightly lower forebay rating resulted from minimum scores for six of the twelve 
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Combined electrofishing and gill netting RF AI score of 25 indicated a poor rating for the forebay 
(only Parksville Reservoir had a lower forebay score). The transition zone (RFAI=37) rated fair. 

Summary of Conditions in 1993 - Use Suitability 

Fecal Coliform Bacteria-The swimming beach at Shook Branch Recreation Area and an 
informal swimming area at Watauga Point and three boat ramps were tested for fecal coliform bacteria 
twelve times each in 1993. No sample was collected within 48-hours ofa rainfall of one-half inch or 
greater. Fecal coliform bacteria concentrations were very low (geometric mean concentration <20/100 ml) 

at all five sites. 

Fish Tissue-There are no fish consumption advisories on Watauga Reservoir. The most recent 
fish tissue collections by TVA were made in autumn 1991. All pesticides, PCBs, and metals (except 
mercury) were low or not detected in the single channel catfish composite from the forebay. The mercury 
concentration was 0.53 f.lg/g. Additional fish tissue screening samples were collected in autumn 1993, but 
results were not available at the time this report was prepared. 
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Holston River Stream Monitoring Site

Summary of 1993 Conditions - Ecological Health

Water-The water of the Holston River is moderately hard (average hardness of 113 mg/I) and
moderately alkaline (average total alkalinity of 94 mg/l). The median pH for the stream monitoring site was
8.0. The river was well oxygenated with dissolved oxygen levels ranging from 88 to 106 percent of
saturation.

Of the 12 streams monitored across the Tennessee Valley, the Holston River station ranked among
the highest in average nitrate+nitrite-nitrogen (0.67 mg/I) and just above the median for average total
phosphorus (0.112 mg/1), dissolved orthophosphate (0.057 mg/I), and ammonia nitrogen (0.038 mg/I). The
average concentration of organic nitrogen (0.185 mg/I) was among the lowest recorded. The high average
total phosphorus and average nitrate+nitrite-nitrogen concentrations yielded a poor rating for nutrients at
the site.

Seven analyses for priority pollutant metals (dissolved cadmium, lead, nickel, silver, and zinc and
total copper and zinc) were performed bi-monthly. Dissolved cadmium was detected in 4 of 6 samples.
Dissolved nickel was detected in 1 of 6 samples. Neither metal exceeded EPA criteria for protection of
aquatic life or human health.

Sediment-Sediment quality rated good in 1993 with no acute toxicity observed. No PCBs or
pesticides exceeding the EPA guidelines. However, copper was detected at a level slightly above the EPA
guideline for copper in sediment. This was an improvement over 1992 when sediment quality rated fair.

Benthic Macroinvertebrates-In 1993, benthic macroinvertebrates rated fair with a Modified
Benthic Index of Biotic Integrity (MBIBI) score of 36, with 59 taxa and 4,673 organisms/m2. Conditions
in 1992 also rated fair (MBIBI score 41) with 50 taxa and 3,311 organisms/m 2 . Dominant organisms in
1993 were dipteran midge larvae (30 percent), dipteran black-fly larvae (25 percent), and river snails
(10 percent). River snails were the most dominant group in 1992 (43 percent), followed by coleopteran
riffle beetles (10 percent) and caddisflies (7 percent). Siltation from agricultural land usage along the river
and pollution from industries located upstream have a major impact on benthic organisms at this site.

Fish Community Assessment-The fish community rated good with an Index of Biotic Integrity
(IBI) score of 48, improving from a rating of fair (IBI = 44) in 1992. Improvement was seen mainly in
decreased proportions of both tolerant fish and omnivorous fish suggesting some relief from chronic
nutrient enrichment of the river. Other problems for the fish community continued to be reflected by low
numbers of darter, sunfish, sucker, and other native species, and low proportions of piscivorous fish.
Adverse conditions observed were nutrient enrichment (evident in the abundance of aquatic vegetation), and
alteration of flow by releases from Fort Patrick Henry Dam.
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riffle beetles (10 percent) and caddis flies (7 percent). Siltation from agricultural land usage along the river 
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Summary of 1993 Conditions - Use Suitability

Fecal Coliform Bacteria-Seven sites on South Fork Holston River were tested twelve times each
for fecal coliform bacteria in 1993. No samples were collected within 48-hours of a rainfall of at least one-
half inch. Six sites were located between South Holston Dam and Boone Reservoir. Thomas and Beidleman
Creeks were sampled near their confluence with South Fork Holston River. The geometric mean
concentration of fecal coliforms on both streams were about 250/100 ml, a little higher than Tennessee's
water quality criterion for recreation of 200/100 ml. The other sites were on South Fork Holston River. The
two sites between the South Holston Weir and the confluence with Thomas Creek and the site downstream
of Thomas Creek but upstream of Beidleman Creek all had very low fecal coliform bacteria concentrations
(geometric mean <20/100 ml). The site downstream of Beidleman Creek had a geometric mean
concentration of 31/100 ml, and the site downstream of Boone Dam at Fordtown Bridge had a geometric
mean concentration of 52/100 ml. Three sites on South Fork Holston River are boat launching sites.
Samples at the other sites were taken from the middle of the stream off a bridge, including a footbridge at
the most upstream site.

Fish Tissue-A five fish composite each of carp, channel catfish, and largemouth bass were
collected during summer 1992 and analyzed for selected metals, pesticides, and PCBs. All analytes were
not detected or found in low concentrations'except slightly elevated levels of mercury in largemouth
(0.57 gg/g), PCBs in carp (0.6 ýtg/g), and chlordane in channel catfish (0.08 pelg).

148

Summary of 1993 Conditions - Use Suitability 

Fecal Coliform Bacteria-Seven sites on South Fork Holston River were tested twelve times each 
for fecal coliform bacteria in 1993. No samples were collected within 48-hours of a rainfall of at least one
half inch. Six sites were located between South Holston Dam and Boone Reservoir. Thomas and Beidleman 
Creeks were sampled near their confluence with South Fork Holston River. The geometric mean 
concentration of fecal coliforms on both streams were about 250/100 mI, a little higher than Tennessee's 
water quality criterion for recreation of 200/1 00 ml. The other sites were on South Fork Holston River. The 
two sites between the South Holston Weir and the confluence with Thomas Creek and the site downstream 
of Thomas Creek but upstream of Beidleman Creek all had very low fecal coliform bacteria concentrations 
(geometric mean <20/100 ml). The site downstream of Beidleman Creek had a geometric mean 
concentration of 311100 ml, and the site downstream of Boone Dam at Fordtown Bridge had a geometric 
mean concentration of 521100 ml. Three sites on South Fork Holston River are boat launching sites. 
Samples at the other sites were taken from the middle of the stream off a bridge, including a footbridge at 
the most upstream site. 

Fish Tissue-A five fish composite each of carp, channel catfish, and largemouth bass were 
collected during summer 1992 and analyzed for selected metals, pesticides, and PCBs. All analytes were 
not detected or found in low concentrations'except slightly elevated levels of mercury in largemouth 
(0.57 ~g1g), PCBs in carp (0.6 ~g1g), and chlordane in channel catfish (0.08 ~g1g). 

148 



CONTENTS - VOLUME I

TABLES . ........................................................ vi
FIGURES ......................................................... vi
EXECUTIVE SUMMARY ............................................. viii

1.0 INTRODUCTION .................................................. 1
1.1 Background . ................................................. 1
1.2 Objectives .. .................................................. 1
1.3 Summary Report Description ...................................... 2

2.0 DATA COLLECTION METHODS ...................................... 5
2.1 Vital Signs M onitoring .......................................... 5

2.1.1 Introduction . .............................................. 5
2.1.2 Reservoir Vital Signs Monitoring ................................. 7

Physical/Chemical Characteristics of Water .......................... 7
Acute Toxicity and Physical/Chemical Characteristics of Sediment ............ 8
Benthic Macroinvertebrate Community Sampling ....................... 9
Fish Assemblage Sampling . ................................... 10
Aquatic Macrophytes . ....................................... 11

2.1.3 Stream Vital Signs Monitoring . ................................. 11
Physical/Chemical Characteristics of Water ......................... 12
Acute Toxicity and Physical/Chemical Characteristics of Sediment ........... 13
Benthic Macroinvertebrate Community Sampling ....................... 13
Fish Community Sampling ..................................... 14

2.2 Use Suitability Monitoring . ....................................... 14
2.2.1 Bacteriological Sampling . ..................................... 15
2.2.2 Fish Tissue Sampling . ....................................... 15

3.0 ECOLOGICAL HEALTH AND USE SUITABILITY DETERMINATION
3.1 Vital Signs Monitoring .............................

3.1.1 Introduction ..................
3.1.2 Reservoir Ecological Health ........

Dissolved Oxygen (DO) Rating Scheme
Chlorophyll Rating Scheme ........
Sediment Quality Rating Scheme .....
Benthic Community Rating Scheme ...
Fish Assemblage Rating Scheme .....
Overall Reservoir Health Determination

3.1.3 Stream Ecological Health ..........
Nutrient Concentration Rating Scheme
Sediment Quality Rating Scheme .....
Benthic Community Rating Scheme ...
Fish Community ...............

3.2 Use Suitability ...................
3.2.1 Bacteriological Quality Evaluation ....
3.2.2 Fish Tissue Consumption Advisories . .

METHODS ....
.... *.......

..... o......

o...........

....... ,.,...

............

.. o........,..

......... ,..

. ., . . . . . . . . . ,

. .... ,.......

. . . . . . . . . . °.

............

29
29
29
29
30
32
33
34
36
38
40
41
41
42
43
44
44
45

149

CONTENTS - VOLUME I 

TABLES ........................................................ vi 
FIGURES ........................................................ vi 
EXECUTIVE SUMMARY ........................................... viii 

1.0 INTRODUC110N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 
1. 1 Background ................................................. 1 
1.2 Objectives .................................................. 1 
1.3 Summary Report Description ...................................... 2 

, 
2.0 DATA COLLECTION METHODS ..................................... 5 

2.1 Vital Signs Monitoring .......................................... 5 
2.1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 
2.1.2 Reservoir Vital Signs Monitoring. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 

Physical/Chemical Characteristics of Water .......................... 7 
Acute Toxicity and Physical/Chemical Characteristics of Sediment .......... " 8 
Benthic Macroinvertebrate Community Sampling . . . . . . . . . . . . . . . . . . . . . .. 9 
Fish Assemblage Sampling ................................... 10 
Aquatic Macrophytes ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 

2.1.3 Stream Vital Signs Monitoring ................................. 11 
Physical/Chemical Characteristics of Water ......................... 12 
Acute Toxicity and Physical/Chemical Characteristics of Sediment . . . . . . . . . .. 13 
Benthic Macroinvertebrate Community Sampling . . . . . . . . . . . . . . . . . . . . .. 13 
Fish Community Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 

2.2 Use Suitability Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 
2.2.1 Bacteriological Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 
2.2.2 Fish Tissue Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 

3.0 ECOLOGICAL HEALTH AND USE SUITABILITY DETERMINATION METHODS .... 29 
3.1 Vital Signs Monitoring ......................................... 29 

3.1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 29 
3.1.2 Reservoir Ecological Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 29 

Dissolved Oxygen (DO) Rating Scheme ........................... 30 
Chlorophyll Rating Scheme ................................... 32 
Sediment Quality Rating Scheme. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 
Benthic Community Rating Scheme .............................. 34 
Fish Assemblage Rating Scheme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 
Overall Reservoir Health Determination ........................... 38 

3.1.3 Stream Eco)ogica1Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 
Nutrient Concentration Rating Scheme ............................ 41 
Sediment Quality Rating Scheme. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 41 
Benthic Community Rating Scheme .............................. 42 
Fish Community . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 43 

3.2 Use Suitability .............................................. 44 
3.2.1 Bacteriological Quality Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 44 
3.2.2 Fish Tissue Consumption Advisories ............................. 45 

149 



4.0 HYDROLOGIC OVERVIEW OF 1993 .....
4.1 Atmospheric Temperature ..........
4.2 Rainfall ......................
4.3 Streamflow ...................

5.0 DISCUSSION .....................
5.1 Vital Signs Monitoring ............

5.1.1 Reservoirs .................
Run-Of-The-River Reservoirs .....
Tributary Reservoirs ..........

5.1.2 Streams ..................
5.2 Use Suitability Monitoring ..........

5.2.1 Bacteriological Studies .........
5.2.2 Fish Tissue Studies ...........

Screening Studies ............
Intensive Studies .............

WATERSHED-BY-WATERSHED SUMMARY

6.0 KENTUCKY RESERVOIR WATERSHED
6.1 Kentucky Reservoir ..............
6.2 Beech Reservoir ................

7.0 DUCK RIVER WATERSHED ..........
7.1 Normandy Reservoir ..............
7.2 Duck River Stream Monitoring Site ....

59
61
62
63

67
69
69
69
71
74
75
75
76
76
77

. . . . . . . . . .
. . . . . . . . . .
. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

81
83
85

87
89
91

8.0 PICKWICK RESERVOIR - WILSON RESERVOIR
8.1 Pickwick Reservoir .................
8.2 W ilson Reservoir ...................
8.3 Bear Creek Reservoir ................
8.4 Little Bear Creek Reservoir ............
8.5 Cedar Creek Reservoir ...............
8.6 Bear Creek Stream Monitoring Site .......

WATERSHED

. . . . . . . .

. .. ° . . . . .

9.0 WHEELER RESERVOIR - ELK RIVER WATERSHED .......................
9.1 W heeler Reservoir ............................................
9.2 Tims Ford Reservoir ..........................................
9.3 Elk River Stream Monitoring Site ..................................

10.0 GUNTERSVILLE RESERVOIR - SEQUATCHIE RIVER WATERSHED ...........
10.1 Guntersville Reservoir .........................................
10.2 Sequatchie River Stream Monitoring Site ..............................

11.0 NICKAJACK RESERVOIR - CHICKAMAUGA RESERVOIR WATERSHED ........
11.1 Nickajack Reservoir ...........................................
11.2 Chickamauga Reservoir ........................................

93
95
97
99

101
103
105

107
109
111
113

115
117
119

121
123
125

150

4.0 HYDROLOGIC OVERVIEW OF 1993 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 59 
4.1 Atmospheric Temperature ....................................... 61 
4.2 Rainfall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 62 
4.3 Streamflow ................................................ 63 

5.0 DISCUSSION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 67 
5.1 Vital Signs Monitoring ......................................... 69 

5.1.1 Reservoirs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 69 
Run-Of-The-River Reservoirs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 69 
Tributary Reservoirs ....................................... 71 

5.1.2 StreaJ1lS ............................................... 74 
5.2 Use Suitability Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 75 

5.2.1 Bacteriological Studies ...................................... 75 
5.2.2 Fish Tissue Studies ........................................ 76 

Screening Studies ......................................... 76 
Intensive Studies . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. 77 

WATERSHED-BY-WATERSHED SUMMARY 

6.0 KENTUCKY RESERVOIR WATERSHED ............................... 81 
6.1 Kentucky Reservoir ........................................... 83 
6.2 Beech Reservoir ............................................. 85 

7.0 DUCK RIVER WATERSHED ....................................... 87 
7.1 Normandy Reservoir. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 89 
7.2 Duck River Stream Monitoring Site ................................. 91 

8.0 PICKWICK RESERVOIR - WILSON RESERVOIR WATERSHED ................ 93 
8.1 Pickwick Reservoir ........................................... 95 
8.2 Wilson Reservoir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 97 
8.3 Bear Creek Reservoir .................... . . . . . . . . . . . . . . . . . . . . .. 99 
8.4 Little Bear Creek Reservoir ...................................... 101 
8.5 Cedar Creek Reservoir ......................................... 103 
8.6 Bear Creek Stream Monitoring Site ................................. 105 

9.0 WHEELER RESERVOIR - ELK RIVER WATERSHED ....................... 107 
9.1 Wheeler Reservoir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 109 
9.2 Tims Ford Reservoir .......................................... 111 
9.3 Elk River Stream Monitoring Site .................................. 113 

10.0 GUNTERSVILLE RESERVOIR - SEQUATCHIE RIVER WATERSHED ........... 115 
10.1 Guntersville Reservoir ......................................... 117 
10.2 Sequatchie River Stream Monitoring Site. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 119 

11.0 NICKAJACK RESERVOIR - CHICKAMAUGA RESERVOIR WATERSHED ........ 121 
11.1 Nickajack Reservoir. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 123 
11.2 Chickamauga Reservoir ........................................ 125 

150 



12.0 HIWASSEE RIVER WATERSHED .................................... 127
12.1 Hiwassee Reservoir ............................................ 129
12.2 Chatuge Reservoir ............................................. 131
12.3 Nottely Reservoir . ............................................ 133
12.4 Blue Ridge Reservoir ........................................... 135
12.5 Ocoee Reservoir No. 1 (Parksville Reservoir) ........................... 137
12.6 Hiwassee River Stream Monitoring Site ............................... 139

13.0 WATTS BAR RESERVOIR, FORT LOUDOUN RESERVOIR,
AND MELTON HILL RESERVOIR WATERSHED ......................... 141
13.1 W atts Bar Reservoir ............................................ 143
13.2 Fort Loudoun Reservoir . ........................................ 145
13.3 Melton Hill Reservoir ........................................... 149
13.4 Emory River Stream Monitoring Site ................................. 151

14.0 CLINCH RIVER AND POWELL RIVER WATERSHED ..................... 153
14.1 Norris Reservoir .............................................. 155
14.2 Clinch River Stream Monitoring Site ................................ 157
14.3 Powell River Stream Monitoring Site ................................. 159

15.0 LrITLE TENNESSEE RIVER WATERSHED ............................ 161
15.1 Tellico Reservoir .............................................. 163
15.2 Fontana Reservoir ............................................. 165
15.3 Little Tennessee River Stream Monitoring Site .......................... 167

16.0 FRENCH BROAD RIVER WATERSHED ................................ 169
16.1 Douglas Reservoir ......... . ..................... ....... ....... 171
16.2 French Broad River Stream Monitoring Site ............................ 173
16.3 Nolichucky River Stream Monitoring Site .............................. 175

17.0 HOLSTON RIVER WATERSHED ..................................... 177
17.1 Cherokee Reservoir ........................................... . 179
17.2 Fort Patrick Henry Reservoir ...................................... 181
17.3 Boone Reservoir .............................................. 183
17.4 South Holston Reservoir ......................................... 185
17.5 W atauga Reservoir . ........................................... 187
17.6 Holston River Stream Monitoring Site ................................ 189

REFERENCES . ................................................... 191

CONTENTS FOR VOLUME II........................................... 197

151

12.0 HIWASSEE RIVER WATERSHED ................................... 127 
12.1 Hiwassee Reservoir ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 129 
12.2 Chatuge Reservoir. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 131 
12.3 Nottely Reservoir ............................................ 133 
12.4 Blue Ridge Reservoir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 135 
12.5 Ocoee Reservoir No.1 (parksville Reservoir) . . . . . . . . . . . . . . . . . . . . . . . . . .. 137 
12.6 Hiwassee River Stream Monitoring Site .............................. , 139 

13.0 WATTS BAR RESERVOIR, FORT LOUDOUN RESERVOIR, 
AND MELTON HILL RESERVOIR WATERSHED ......................... 141 
13.1 Watts Bar Reservoir .......................................... , 143 
13.2 Fort Loudoun Reservoir ............ ,........................... 145 
13.3 Melton Hill Reservoir ......................................... , 149 
13.4 Emory River Stream Monitoring Site ................................ 151 

14.0 CLINCH RIVER AND POWELL RIVER WATERSHED ..................... 153 
14.1 Norris Reservoir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 155 
14.2 Clinch River Stream Monitoring Site ................................ 157 
14.3 Powell River Stream Monitoring Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 159 

15.0 LITTLE TENNESSEE RIVER WATERSHED ............................ 161 
15.1 Tellico Reservoir. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 163 
15.2 Fontana Reservoir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 165 
15.3 Little Tennessee River Stream Monitoring Site .......................... 167 

16.0 FRENCH BROAD RIVER WATERSHED .............................. , 169 
16.1 Douglas Reservoir ........................................... , 171 
16.2 French Broad River Stream Monitoring Site ........................... , 173 
16.3 Nolichucky River Stream Monitoring Site ............................. 175 

17.0 HOLSTON RIVER WATERSHED ................................... , 177 
17.1 Cherokee Reservoir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 179 
17.2 Fort Patrick Henry Reservoir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 181 
17.3 Boone Reservoir ............................................ , 183 
17.4 South Holston Reservoir ........................................ 185 
17.5 Watauga Reservoir ........................................... 187 
17.6 Holston River Stream Monitoring Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 189 

REFERENCES ................................................... 191 

CONTENTS FOR VOLUME II ........................................ , 197 

151 



KEY CONTACTS FOR MONITORING FUNCTIONS

Monitoring Program Design

Water Quality Monitoring
Physical/Chemical

Reservoirs
Streams

Bacteriological

Sediment Quality
Physical/Chemical
Toxicity

Biological Monitoring
Fish

Ecology
Reservoirs
Streams

Consumption

Benthic Macroinvertebrates
Reservoirs
Streams

Ecological Health

Neil Carriker
Don Dycus

Dennis Meinert
Jan Strunk
Joe Fehring

Dennis Meinert
Damien Simbeck

(615) 751-7330
(615) 751-7322

(615) 751-8962
(615) 751-8637
(615) 751-7308

(615) 751-8962
(205) 729-4549

Gary.Hickman
Charlie Saylor
Don Dycus

Amy Wales
Steve Ahlstedt

Don Dycus
Dennis Meinert

(615) 632-1791
(615) 632-1779
(615) 751-7322

(615) 751-7831
(615) 632-1781

(615) 751-7322
(615) 751-8962

152

KEY CONTACTS FOR MONITORING FUNCTIONS 

Monitoring Program Design Neil Carriker (615) 751-7330 
Don Dycus (615) 751-7322 

Water QUDlily Monitoring 
P~sicaf/~~icaf 

Reservoirs Dennis Meinert (615) 751-8962 
Streams Jan Strunk (615) 751-8637 

Bacteriological Joe Fehring (615) 751-7308 

SedimenJQUDlily 
PhysicaJ/Che~ical Dennis Meinert (615) 751-8962 
Toxicity Damien Simbeck (205) 729-4549 

Biological Monitoring 
Fish 

Ecology 
Reservoirs Gary. Hickman (615) 632-1791 
Streams Charlie Saylor (615) 632-1779 

Consumption Don Dycus (615) 751-7322 

Benthic Macroinvertebrates 
Reservoirs Amy Wales (615) 751-7831 
Streams Steve Ahlstedt (615) 632-1781 

EcologiCDl Health Don Dycus (615) 751-7322 
Dennis Meinert (615) 751-8962 

152 



TENNESSEE VALLEY AUTHORITY
RESOURCE GROUP, ENGINEERING SERVICES

HYDRAULIC ENGINEERING

DISCHARGE TEMPERATURE LIMIT EVALUATION FOR

WAITS BAR NUCLEAR PLANT

Report No. WR28-1-85-137

Prepared by
Meihuei Lee, Walter Harper,
Pete Ostrowski, Ming Shiao,

and Neil Sutherland

Engineering Laboratory
Norris, Tennessee

December 1993

TENNESSEE VALLEY AUTHORITY 
RESOURCE GROUP, ENGINEERING SERVICES 

HYDRAULIC ENGINEERING 

DISCHARGE TEMPERATURE LIMIT EVALUATION FOR 

WATTS BAR NUCLEAR PLANT 

Report No. WR28-1-85-137 

Prepared by 
Meihuei Lee, Walter Harper, 
Pete Ostrowski, Ming Shiao, 

and Neil Sutherland 

Engineering Laboratory 
Norris, Tennessee 

December 1993 



TABLE OF CONTENTS

Page

EXECUTIVESUMMARY ....................................... v

I. INTRODUCTION ......................................... 1

II. PLANT OPERATING CHARACTERISTICS ........................... 2

A. W atts Bar Hydro Plant .................................... 2

B. Watts Bar Fossil Plant • 2

C. Watts Bar Nuclear Plant .........................

1. Plant D esign ..............................
2. Intake and Discharge Design ......................
3. Blowdown Discharge Rates .......................
4. Operating Characteristics of the Diffuser Legs ..........

III. HYDROTHERMAL ANALYSES ......................

A. Watts Bar Fossil Plant Thermal Discharge ..............

1. Future Watts Bar Fossil Plant Operation .............
2. Watts Bar Fossil Plant 316a Variance ...............
3. Effects of Watts Bar Fossil Plant on Water Temperatures ...
4. River Temperature Analysis .....................
5. Summary of Effects for Combined Evaluation ..........

. . . . . . . . . . 5

,.......... 5

•.. .. . . . . . . .6

. . . . . . . . . .i7

. . . . . . . . . . 9

. . . . . . . . . . 9

. . . . . . . . i..9

. . . .. . . . . 10

B. Watts Bar Nuclear Plant Thermal Discharge ...................... 11

1. Near-Field Effects of Diffuser Discharge on River Temperature ........ 11
2. Computer Model Inputs ................................ 11

a. M eteorological Data ................................. 11
b. Watts Bar and Chickamauga Hydro Releases and Chickamauga

Headwater Elevation ................................ 11
c. Reservoir Elevations at WBN Site ........................ 11
d. River Temperatures Upstream of the Nuclear Plant Site .......... 12
e. WBN Blowdown Flow and Temperature .................... 12

3. M odel Results ...................................... 13
a. Scenario 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
b. Scenario 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

I

TABLE OF CONTENTS 

Page 

EXECUTIVE SUMMARY ....................................... v 

I. INTRODUCTION..............................··········· 1 

II. PLANT OPERATING CHARACTERISTICS· ................ ; ....... 2 

A. Watts Bar Hydro Plant ····································2 

B. Watts Bar Fossil Plant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

C. Watts Bar Nuclear Plant ................................... 5 

1. Plant Design ........................................ 5 
2. Intake and Discharge Design .............................. 6 
3. Blowdown Discharge Rates ............................... 7 
4. Operating Characteristics of the Diffuser Legs . . . . . . . . . . . . . . . . . . . . 7 

III. HYDROTHERMAL ANALYSES ................................ 9 

A. Watts Bar Fossil Plant Thermal Discharge ........................ 9 

1. Future Watts Bar Fossil Plant Operation ....................... 9 
2. Watts Bar Fossil Plant 316a Variance ......................... 9 
3. Effects of Watts Bar Fossil Plant on Water Temperatures ............. 9 
4. River Temperature Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
5. Summary of Effects for Combined Evaluation ................... 10 

B. Watts Bar Nuclear Plant Thermal Discharge ...................... 11 

1. Near-Field Effects of Diffuser Discharge on River Temperature . . . . . . .. 11 
2. Computer Model Inputs ................................ 11 

a. Meteorological Data ................................ 11 
b. Watts Bar and Chickamauga Hydro Releases and Chickamauga 

Headwater Elevation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
c. Reservoir Elevations at WBN Site . . . . . . . . . . . . . . . . . . . . . . . . 11 
d. River Temperatures Upstream of the Nuclear Plant Site .......... 12 
e. WBN Blowdown Flow and Temperature .................... 12 

3. Model Results ...................................... 13 
a. Scenario 1 ...................................... 13 
b. Scenario 2 ...................................... 13 



TABLE OF CONTENTS

(continued)

Page

4. Worst Case Combination of Ambient River and Air Temperatures
and WBN Diffuser Operation ............................. 15

5. Daily Average Discharge Temperature Limit .................... 18
6. Yard Holding Pond Temperature - Maximum Temperature Limit ....... 18
7. Thermal Impact of Yard Holding Pond Overflow on River Temperature ... 18
8. Nuclear Plant Mixing Zones and Zone of Passage ................. 20
9. Summary of Watts Bar Nuclear Thermal Effects .................. 20

TV. THE COMBINED EFFECT OF WATTS BAR NUCLEAR AND FOSSIL PLANT
DISCHARGES ON SEQUOYAH NUCLEAR PLANT ................... 22

V. PROPOSED THERMAL LIMITS FOR WATTS BAR NUCLEAR PLANT ..... 24

A. Proposed Diffuser Discharge and Overflow Pond Temperature Limits ....... 24

B. M onitoring and Reporting ................................. 24

C. Staged Field Verifications ................................. 24

VI. REFERENCES .......................................... 26

VII. APPENDIX ............................................ 28

LIST OF FIGURES

A. 1 Tennessee River Near Watts Bar Hydro Plant (Ungate and Howerton. 1977) .... 29
A.2 WBF Condenser Water Discharge Area (Ungate and Howerton. 1977) ....... 30
A.3 WBN Cooling Tower Blowdown System .......................... 31
A.4 Description of WBN Multiport Diffuser System (Ungate and Howerton, 1977) . 32
A.5 Location of WBN Multiport Diffuser System. Tennessee River (Ungate and

H ow erton. 1977) ........................................ 33
A.6 Longitudinal Excess Temperature Distribution Below WBH, After Periods

of WBF Discharge and Zero River Flow (Ungate and Howerton. 1977) ....... 34
A.7 Velocity and Temperature at TRM 527.8, October 30. 1977. After

12 Hours of Zero Flow from WBH (Ungate and Howerton, 1977) ........... 35
A.8 Measured and Computed River Elevations in the Vicinity of WBN, and

WBH Discharges During August 1993 ............................ 36

ii

TABLE OF CONTENTS 

(continued) 

Page 

4. Worst Case Combination of Ambient River and Air Temperatures 
and WBN Diffuser Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

5. Daily Average Discharge Temperature Limit ................... 18 
6. Yard Holding Pond Temperature _ Maximum Temperature Limit ....... 18 
7. Thermal Impact of Yard Holding Pond Overflow on River Temperature ... 18 
8. Nuclear Plant Mixing Zones and Zone of Passage ................ 20 
9. Summary of Warts Bar Nuclear Thermal Effects ................. 20 

IV. THE COMBINED EFFECT OF WAITS BAR NUCLEAR AND FOSSIL PLANT 
DISCHARGES ON SEQUOY AH NUCLEAR PLANT .................. 22 

V. PROPOSED THERMAL LIMITS FOR WAITS BAR NUCLEAR PLANT ..... 24 

A. Proposed Diffuser Discharge and Overflow Pond Temperature Limits ...... , 24 

B. Monitoring and Reporting ................................. 24 

C. Staged Field Verifications ................................. 24 

VI. REFERENCES ...................................... .... 26 

VII. APPENDIX ............................................ 28 

LIST OF FIGURES 

A.I Tennessee River Near Watts Bar Hydro Plant (Ungate and Howerton. 1977) .... 29 
A.2 WBF Condenser Water Discharge Area (Ungate and Howerton. 1977) ....... 30 
A.3 WBN Cooling Tower Blowdown System .......................... 31 
A.4 Description of WBN Multiport Diffuser System (Ungate and Howerton, 1977) .. 32 
A.5 Location of WBN Multiport Diffuser System. Tennessee River (Ungate and 

Howerton. 1977) ........................................ 33 
A.6 Longitudinal Excess Temperature Distribution Below WBH, After Periods 

of WBF Discharge and Zero River Flow (Ungate and Howerton. 1977) . . . . . .. 34 
A.7 Velocity and TemperatureatTRM 527.8, October 30. 1977. After 

12 Hours of Zero Flow from WBH (Ungate and Howerton, 1977) .......... 35 
A.S Measured and Computed River Elevations in the Vicinity of WBN, and 

WBH Discharges During August 1993 ........................... 36 

ii 
-------------------------------



TABLE OF CONTENTS

(continued)

Page

A.9 Measured and Computed WBH Tailrace Temperatures, 1975-1989
(Alavian and Potter, 1992) .................................. 37

A.10 WBN Yard Holding Pond Elevations During Month of Maximum Pond
Elevation ................. ............................ 38

A. 11 WBN Thermal Discharge Flows During Month of Maximum Total Discharge
With No WBN Discharge Permitted When WBH Release < 3500 cfs ........ 39

A. 12 WBN Temperatures During Month of Maximum Downstream Temperature
With No WBF Operation and No WBN Discharge Permitted When WBH
Release < 3500 cfs ...................................... 40

A. 13 WBN Downstream Temperature Rise During Month of Maximum
Downstream Temperature Rise With No WBF Operation and No WBN
Discharge Permitted When WBH Release < 3500 cfs ................... 41

A. 14 WBN Temperatures During Month of Maximum Discharge Temperature
With No WBF Operation and No WBN Discharge Permitted When WBH
R elease < 3500 cfs ...................................... 42

A. 15 WBN Temperatures During Month of Maximum Downstream Temperature With
Full Load WBF Operation and No WBN Discharge Permitted When WBH
R elease < 3500 cfs ...................................... 43

A. 16 WBN River Temperature Rises During Month of Maximum Temperature
Rise With Full Load WBF Operation and No WBN Discharge Permitted
When WBH Release < 3500 cfs .............................. 44

A. 17 WBN Yard Holding Pond Temperatures Using July 28, 1952 Meteorology ..... 45
A. 18 Effects of WBN & WBF Thermal Discharges on Water Temperature Below

W BH - 1986 . . .. ... . .. ... . . ... ... ... . . . .. . . .. . . .. . . . . .. 46
A. 19 Effects of WBN & WBF Thermal Discharges on Water Temperature at

SQN Intake- 1986 ....................................... 47
A.20 Effects of WBN & WBF Thermal Discharges on Water Temperature

Below the SQN Diffusers- 1986 ............................... 48
A.21 Effects of WBN & WBF Thermal Discharges on Chickamauga Release

Tem perature - 1986 ....................................... 49

iii

TABLE OF CONTENTS 

(continued) 

Page 

A.9 Measured and Computed WBH Tailrace Temperatures, 1975-1989 
(Alavi an and Potter, 1992) .................................. 37 

A.IO WBN Yard Holding Pond Elevations During Month of Maximum Pond 
Elevation ............................................. 38 

A.II WBN Thermal Discharge Flows During Month of Maximum Total Discharge 
With No WBN Discharge Permitted When WBH Release < 3500 cfs . . . . . . .. 39 

A.12 WBN Temperatures During Month of Maximum Downstream Temperature 
With No WBF Operation and No WBN Discharge Permitted When WBH 
Release < 3500 cfs ...................................... 40 

A.13 WBN Downstream Temperature Rise During Month of Maximum 
Downstream Temperature Rise With No WBF Operation and No WBN 
Discharge Permitted When WBH Release < 3500 cfs .................. 41 

A.I4 WBN Temperatures During Month of Maximum Discharge Temperature 
With No WBF Operation and No WBN Discharge Permitted When WBH 
Release < 3500 cfs ...................................... 42 

A.IS WBN Temperatures During Month of Maximum Downstream Temperature With 
Full Load WBF Operation and No WBN Discharge Permitted When WBH 
Release < 3500 cfs ...................................... 43 

A.16 WBN River Temperature Rises During Month of Maximum Temperature 
Rise With Full Load WBF Operation and No WBN Discharge Permitted 
When WBH Release < 3500 cfs .......................... 44 

A.I7 WBN Yard Holding Pond Temperatures Using July 28, 1952 Meteorology. . . . . 45 
A.18 Effects of WBN & WBF Thermal Discharges on Water Temperature Below 

WBH - 1986 ........................................... 46 
A.I9 Effects of WBN & WBF Thermal Discharges on Water Temperature at 

SQN Intake - 1986 ....................................... 47 
A.20 Effects of WBN & WBF Thermal Discharges on Water Temperature 

Below the SQN Diffusers - 1986 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
A.21 Effects of WBN & WBF Thermal Discharges on Chickamauga Release 

Temperature - 1986 ....................................... 49 

111 



TABLE OF CONTENTS

(continued)

LIST OF TABLES

1. Watts Bar Hydro Plant Releases (1976 -1993), Low River Flow
Occurrence and Duration Broken Down by Year for All Months .............. 3

2. Watts Bar Hydro Plant Releases (1976 - 1993), Low River Flow
Occurrence and Duration Broken Down by Month for All Years .............. 4

3. Approximate Stage Discharge Relationship Immediately Below Watts
Bar Dam (Ungate and Howerton, 1977) .............................. 5

4. Dimensions of Constructed WBN Multiport Diffusers (Ungate and
How erton, 1977) ............................................ 6

5. Design Characteristics of WBN Multiport Diffusers for Normal Operation ........ 8
6. Summary of Results (Scenario 1), Downstream Temperature, January 1,

1976 to October 15,1993 ..................................... 14
7. Summary of Results (Scenario 2), Downstream Temperature, January 1,

1976 to October 15,1993 ..................................... 16
8. Summary of Results (Worst Case Conditions) ......................... 17
9. Effects of WBN Operation on River Temperatures, Summary of Modeling

R esults . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

TABLE OF CONTENTS 

(continued) 

LIST OF TABLES 

1. Watts Bar Hydro Plant Releases (1976 -1993), Low River Flow 
Occurrence and Duration Broken Down by Year for All Months .............. 3 

2. Watts Bar Hydro Plant Releases (1976 - 1993), Low River Flow 
Occurrence and Duration Broken Down by Month for All Years .............. 4 

3. Approximate Stage Discharge Relationship Immediately Below Watts 
Bar Darn (Ungate and Howerton, 1977) .............................. 5 

4. Dimensions of Constructed WBN Multiport Diffusers (Ungate and 
Howerton, 1977) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

5. Design Characteristics of WBN Multiport Diffusers for Normal Operation ........ 8 
6. Summary of Results (Scenario 1), Downstream Temperature, January 1, 

1976 to October 15,1993 ..................................... 14 
7. Summary of Results (Scenario 2), Downstream Temperature, January 1, 

1976 to October 15,1993 ..................................... 16 
8. Summary of Results (Worst Case Conditions) ......................... 17 
9. Effects ofWBN Operation on River Temperatures, Summary of Modeling 

Results ................................................. 19 



DISCHARGE TEMPERATURE LIMIT EVALUATION FOR
WATTS BAR NUCLEAR PLANT

EXECUTIVE SUMMARY

The Tennessee Valley Authority (TVA) anticipates one unit at Watts Bar Nuclear Plant
to begin operation in 199411995. Watts Bar Fossil Plant is currently mothballed with no present
schedule for unit start up. Both the fossil and nuclear plants rely on the Tennessee River
downstream of Watts Bar Hydro for dispersing thermal effluent from condenser cooling. Due
to the uncertainty in Watts Bar Fossil Plant future operation, TVA has evaluated the thermal
effects of operating the hydro, fossil, and nuclear plants under various operating scenarios. The
goal is to ensure that operations do not violate the State of Tennessee instream water quality
criteria for temperature.

Watts Bar Hydro Plant is generally operated to provide peaking power. The normal
maximum duration of zero discharge is 15 hours, Historically, continuous zero releases
associated with special operations or repairs have not exceeded 20 hours in duration.

Previous field studies showed a worst case maximum fossil plant-induced instream
temperature rise of 3 F0 (1.7 C0 ). This occurred after 12 hours of zero release from the hydro
plant.

Water temperatures and flows, and meteorological records from 1976 to 1993, were
used with a computer model to simulate Watts Bar Nuclear Plant operation with and without
fossil plant operation. The results showed that under all simulated historical conditions the
maximum downstream temperature (85.6°F, 29.8°C) was below 86.9°F (30.5°C), allowed by
the State of Tennessee. The maximum nuclear plant-induced temperature rise (1.8 F0 , 1.0 C0 )
was below both the State criteria for temperature rise of 5.4 F0 (3.0 C0 ) and for rate of
temperature change of 3.6 F°/hour (2.0 C0 /hour). The combined worst-case temperature rise
from both fossil and nuclear plant operation was 4.8 F0 (2.7 C0 ). The maximum hourly nuclear
plant discharge temperature, only dependent on meteorology, was 97.3'F (36.3 0C). The worst
case conditions evaluated at steady-state showed that even with a discharge of 100.9*F (38.3 °C)
the maximum downstream temperature was 86.4 0 F (30.20C).

Based on the extensive simulations of historical conditions, the worst case steady-state
results, and a small margin of safety, TVA proposes a daily average discharge limit of 95'F
(35°C). The diffuser mixing zone remains (as previously permitted) 240 feet wide and extends
240 feet downstream. TVA also proposes a pond emergency overflow temperature limit of
104°F (40°C), which would be measured by grab sample once a day during overflow at the
overflow weir. A proposed mixing zone for the overflow weir discharge should be 1,000 feet
wide and extend 3,000 feet downstream. Due to the location and length of the diffuser (less than
1/4 of the river width) and small effect from surface overflow discharge, ample space exists for
fish to pass by the plant during all operations.
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WATTS BAR NUCLEAR PLANT 

EXECUTIVE SUMMARY 

The Tennessee Valley A~thority (TV A) anticipates one unit at Watts Bar Nuclear Plant 
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The operation of Watts Bar Fossil and Nuclear Plants are not anticipated to cause
problems with Sequoyah Nuclear Plant's ability to meet safety or environmental temperature
limits. The combined effects of Watts Bar Fossil and Nuclear Plants on Sequoyah Nuclear Plant
are expected to be small, with an average increase in bottom temperature of about 0.4 F0

(0.2 C 0) under low flow conditions.

Watts Bar Nuclear Plant has continuous discharge temperature and flowrate monitors.
TVA proposes a daily average discharge temperature limit on the flow weighted average of
hourly temperature values (based on the actual hours of discharge). TVA will calibrate the plant
temperature sensors, flowrate monitors, and transfer electronics at least annually. TVA proposes
to field survey thermal conditions in stages, as heated discharges are added at the Watts Bar site,
to verify computer modeling assumptions.
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I INTRODUCTION

The Tennessee Valley Authority is constructing a two-unit 2,540 Megawatt (MWe)
nuclear plant in Rhea County, Tennessee, on the right bank of Chickamauga Reservoir at
Tennessee River Mile (TRM) 528. One nuclear unit is anticipated to begin operation in
1994/1995. The location, shown in Figure A. 1 (all figures have been placed in the Appendix),
is adjacent to the Watts Bar Dam Reservation. Watts Bar Nuclear Plant is situated about two
miles downstream of Watts Bar Hydro Plant (TRM 529.9) and about one mile downstream of
the four-unit Watts Bar Fossil Plant, located on the right bank of Chickamauga Reservoir at
TRM 529.

The State of Tennessee instream water quality criteria for temperature are a maximum
downstream temperature of 86.9 0 F (30.5°C), a maximum temperature rise of 5.4 F° (3.0 C0 ),
and a maximum rate of temperature change of 3.6 F°/hour (2.0 C°/hour). The standards are
applicable at the edge of a mixing zone.

State-of-the-art mathematical models together with available data are used to simulate
the environmental impact of plant operations from 1976 through 1993. The primary goal of the
evaluation is to provide a maximum daily average discharge temperature for the nuclear plant
that will ensure meeting the instream State of Tennessee temperature standards, yet provide
flexibility for plant operation. Experience at other fossil and nuclear plants has shown that daily
average limits provide plant operating flexibility without adverse effects on the water body.
Combined fossil and nuclear plant operation was also evaluated.

This report provides details of the operating characteristics of each of the generating
plants (hydro, fossil, and nuclear). Thermal characteristics for the fossil plant and the nuclear
plant are presented. The hydro-thermal effects of worst case operation of the fossil plant are
identified. Computer models of nuclear plant operation are used for various operating scenarios.
A daily average discharge temperature and maximum pond overflow temperature are proposed,
based on the findings. The "mixing zone" and "zone of passage" for nuclear plant thermal
discharges are addressed. The combined effects of Watts Bar Fossil and Nuclear Plant operation
on Sequoyah Nuclear Plant are evaluated. Finally, proposed limits, monitoring, reporting, and
field verification for thermal compliance at Watts Bar Nuclear Plant are discussed.
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I1. PLANT OPERATING CHARACTERISTICS

A. Watts Bar Hydro Plant

Watts Bar Hydro Plant (WBH) has five units with a total capacity of 166.5 MWe. The
hydro plant releases about 9,000 cubic feet per second (cfs) per unit and is normally used for
peaking operations. Peaking operations entail storing water at night and releasing water during
the day when there is the greatest demand for electricity.

Hourly WBH discharge records have been archived since January 1, 1976. The average
discharge at the hydro plant has been 26,300 cubic feet per second (cfs), with about 24,200 cfs
during the summer months and about 35,100 cfs during the winter months. The normal
discharge through each of the five turbines at the hydro plant ranges from 7,500 to 10,000 cfs.
The minimum flow at which the turbines can operate is 3,500 cfs; however, for maximum
efficiency, the flow seldom falls below 8,000 cfs per unit.

WBH is operated to provide peaking power and the normal maximum duration of zero
discharge is 15 hours. When special operations are planned, the period of zero discharge
historically has not exceeded 20 hours. Tables 1 and 2 show low river flow (less than 3,500 cfs)
occurrences and durations by month and by year. The low river flow occurrences were divided
into periods of 5-hour duration. The longest period of low flow ever recorded was between 16-
20 hours and the largest number of occurrences for this duration was nine, occurring in 1988.
Within the 18 years, there were 1826 occurrences for the 6- to 10-hour duration, 1390 for the
1- to 5-hour duration, 396 for the 11- to 15-hour duration and 26 for the 16- to 20-hour
duration.

Headwater elevation at Chickamauga Dam along with the discharge from WBH
determines the water surface elevations downstream of WBH in the vicinity of the plant sites.
Chickamauga Reservoir elevations vary from a normal maximum elevation of 683.0 feet in the
summer months to a normal minimum elevation of 675.0 feet in the winter months. Table 3
shows the approximate stage-discharge relationship below WBH at minimum pool conditions in
the winter.

B. Watts Bar Fossil Plant

Watts Bar Fossil Plant (WBF) is currently mothballed with no scheduled start-up date.
When operated at full capacity, WBF generated 240 MWe, used a once-through cooling system
requiring 626 cfs of cooling water, and elevated the cooling water temperatures up to 10 F°
(5.6 C0). The fossil plant heated discharge was continuous regardless of WBH operation.

Ungate and Howerton (1977) described the plant water usage as follows. The once-
through cooling water is supplied by gravity from WBH through a conduit system approximately
3,600 feet long. The centerline of the intake opening is located at elevation 716 feet and is
contiguous with the upstream face of Watts Bar Dam at the right abutment of the dam. The
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the winter. 

B. Watts Bar Fossil Plant 
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Watts Bar Fossil Plant (WBF) is currently mothballed with no scheduled start-up date. 
When operated at full capacity, WBF generated 240 MWe, used a once-through cooling system 
requiring 626 cfs of cooling water, and elevated the cooling water temperatures up to 10 F 0 

(5.6 CO). The fossil plant heated discharge was continuous regardless of WBH operation. 

Ungate and Howerton (1977) described the plant water usage as follows. The once
through cooling water is supplied by gravity from WBH through a conduit system approximately 
3,600 feet long. The centerline of the intake opening is located at elevation 716 feet and is 
contiguous with the upstream face of Watts Bar Dam at the right abutment of the dam. The 
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TABLE I

Watts Bar Hydro Plant Releases (1976 - 1993')

Low River Flow Occurrence And Duration
Broken Down By Year For All Months

Number of times flows < 3,500 cfs persisted for indicated duration

Duration (hours)
Total hours

Year per yea•r -5 6-10 11-15 16-20 21+

1976 1422 134 .112 8 13 0

1977 1386 223 98 18 0 0

1978 1775 136 145 19 0 0

1979 448 58 29 1 0 0

1980 1548 98 145 9 0 0

1981 2520 176 238 14 0 0

1982 56 14 2 0 0 0

1983 6 3 0 0 0 0

1984 454 39 39 3 0 0

1985 1886 79 140 39 3 0

1986 2817 113 189 73 4 0

1987 2408 117 189 44 2 0

1988 2814 121 169 74 9 0

1989 540 25 50 5 0 0

1990 523 22 34 13 1 0

1991 551 24 47 9 0 0

1992 1119 53 78 20 5 0

1993 1763 55 122 47 1 0

Total Occurrences 1,390 1,826 396 26 0

Notes:
1. Does not include November 29 through December 31, 1993.
2. There are 8760 hours in a non-leap year.
3. For example, there was 1 occurrence in 1976 when the WBH release was less than 3,500 cfs

for between 16 and 20 continuous hours.
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3. For example, there was 1 occurrence in 1976 when the WBH release was less than 3,500 cfs 
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TABLE 2

Watts Bar Hydro Plant Releases (1976 - 19931)

Low River Flow Occurrence And Duration
Broken down By Month For All Years

Number of times flows < 3,500 cfs persisted for indicated duration

Duration (hours)
Total hours

Month per year 1-5 6-10 11-15 16-20 21+

Jan 870 117 66 1 12 0

Feb 800 128 53 1 0 0

Mar 1241 118 109 3 2 0

Apr 2266 147 196 16 3 0

May 3018 110 222 58 10 0

Jun 3952 68 175 106 4 0

Jul 2553 59 196 62 1 0

Aug 1947 80 148 39 2 0

Sep 2762 75 181 81 3 0

Oct 2465 143 239 17 0 0

Nov 1867 186 158 9 0 0

Dec 1195 159 83 3 0 0

Total Occurrences 1,390 1,826 396 26 0

Notes:
1. Does not include November 29 through December 3 1.
2. For example, there was 1 occurrence in all Januarys, 1976-1993, when WBH release was

less than 3,500 cfs for between 16 and 20 continuous hours.

TABLE 2 

Watts Bar Hydro Plant Releases (1976 - 19931
) 

Low River Flow Occurrence And Duration 
Broken down By Month For All Years 

Number of times flows < 3,500 cfs persisted for indicated duration 

Duration (hours) 
Total hours 

Month per year 1-5 6-10 11-15 16-20 

Jan 870 117 66 1 12 

Feb 800 128 53 1 0 

Mar 1241 118 109 3 2 

Apr 2266 147 196 16 3 

May 3018 110 222 58 10 

lUll 3952 68 175 106 4 

luI 2553 59 196 62 1 

Aug 1947 80 148 39 2 

Sep 2762 75 181 81 3 

Oct 2465 143 239 17 0 

Nov 1867 186 158 9 0 

Dec 1195 159 83 3 0 

Total Occurrences 1,390 1,826 396 26 

Notes: 
1. Does not include November 29 through December 31. 

21 + 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2. For example, there was 1 occurrence in all Januarys, 1976-1993, when WBH release was 
less than 3,500 cfs for between 16 and 20 continuous hours. 



TABLE 3

Approximate Stage Discharge Relationship
Immediately Below Watts Bar Dam

(Ungate and Howerton, 1977)

Water Surface Elevation Watts Bar Dam Discharge
(feet) (Wfs)

675 0

677 12,500

679 25,000

681 37,500

683 50,000

696 190,000

heated water from the condensers is discharged into the river through a rectangular culvert 7 feet
wide and 10 feet deep. The top elevation of the culvert outlet is 675.0 feet, which coincides
with the minimum pool level of Chickamauga Reservoir. Topography in the vicinity of the
discharge is given in Figure A.2.

C. Watts Bar Nuclear Plant

Watts Bar Nuclear Plant (WBN) operates in closed-mode using one natural draft cooling
tower per nuclear unit. The blowdown from closed-mode operation is discharged into the
Tennessee River through a multiport diffuser system. WBN is designed to route the blowdown
water either to the diffusers or to a yard holding pond. The current National Pollutant Discharge
Elimination System (NPDES) Permit for WBN stipulates that the discharge diffusers may operate
only when discharge from WBH is greater than 3,500 cfs.

1. Plant Design

WBN is a two-unit nuclear plant, with one unit nearing the end of construction. It
is located on the right bank of the Tennessee River at TRM 528. When operated
at full capacity, it will produce 2,540 MWe (1,270 MWe per unit) of electricity.
WBN utilizes a closed-cycle heat dissipation system consisting of two natural draft
cooling towers and a blowdown system. The water losses due to evaporation and
blowdown are replenished with the makeup water which is supplied via an intake
channel and pumping station at TRM 528.0. The average and maximum intake flow
rates are 133 cfs and 143 cfs, with a dilution ratio of twice that of the blowdown.
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2. Intake and Discharge Design

The cooling tower blowdown flow is directed through the blowdown diffuser system
to the Tennessee River. The blowdown system consists of two multiport diffusers
(at TRM 527.8) and the 190 acre-feet capacity yard holding pond. Presently,
whenever less than 3,500 cfs is discharged from the WBH, the two diffuser legs are
closed and blowdown flow is diverted to the holding pond for storage. An overflow
weir on the south side of the pond allows discharge to the Tennessee River
(TRM 527.2) should the pond capacity be exceeded in an emergency. The
blowdown system is depicted in Figure A.3.

The diffuser system consists of two pipes branching from a central conduit at the
right bank of Chickamauga Reservoir and extending in a direction perpendicular to
Tennessee River flow. Each pipe is controlled by a 54-inch diameter butterfly valve
located a short distance downstream of the central conduit wye. A physical
description of the diffusers is given in Table 4 and depicted in Figure A.4.

TABLE 4

Dimensions of Constructed Diffusers
Watts Bar Nuclear Plant

Upstream Downstream Total
Leg Leg

Pipe Length (ft) (unpaved
corrugated steel pipe) 80.0 160.0 240.0

Pipe Diameter (ft) 3.5 4.5

Port Diameter (in) 1.0 1.0

Number of Port

Per Corrugation 2 2

DIFFUSER Port Spacing Normal
to Corrugation (in) 3.0 3.0

Port Spacing Parallel
to Corrugation (in) 3.0 3.0

Friction Factor 0.0948 0.0841

Pipe Length (ft) (paved
corrugated steel pipe) 447.0 297.0 744.0

APPROACH
PIPE Pipe Diameter (ft) 3.5 4.5

Friction Factor 0.0191 0.0148
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The downstream leg is composed of two segments of 4.5-foot diameter pipe. The
approach pipe is made of paved corrugated steel approximately 297 feet long, while
the diffuser pipe is made of unpaved corrugated steel 160 feet long. The diffuser
pipe section is half buried in the river bottom and has two 1-inch diameter ports per
corrugation. The centerline of the ports is oriented at a 450 angle from the
horizontal in a downstream direction.

The upstream leg is composed of two segments of 3.5-foot diameter pipe. The
approach pipe is made of paved corrugated steel approximately 447 feet long, while
the diffuser pipe is made of unpaved corrugated steel 80 feet long. The upstream
diffuser pipe section is half buried in the river bottom and extends its entire length
of 80 feet beyond the dead end of the downstream diffuser pipe section. The port
diameter, spacing, and orientation of the upstream leg is the same as that of the
downstream leg.

The location of the diffuser system at TRM 527.8 is given in Figure A.5. Both the
upstream and downstream legs are located beneath the navigation channel. For a
detailed description of the diffuser design and operation see Ungate (1976). For
results of hydrothermal model tests of the diffusers see Ungate (1977).

3. Blowdown Discharge Rates

To maintain the concentration of dissolved solids in the cooling tower basins at
approximately twice that found in the Tennessee River, blowdown discharge from
the cooling tower basins is between 44.6 cfs and 85.0 cfs. During periods of zero
release from WBH, blowdown is routed into a yard holding pond of approximately
190 acre-feet capacity. When discharge from WBH is greater than 3,500 cfs,
discharge of blowdown through the diffusers into the river is resumed. The yard
holding pond discharge rate is between 60.2 and 85.0 cfs. Combined blowdown
and holding pond discharge can range between 44.6 and 170 cfs.

4. Operating Characteristics of the Diffuser Legs

Table 5 contains the operating characteristics of the diffuser legs such as maximum
and minimum flows, the average jet exit velocity, approach pipe velocity, and the
required head. It shows that the average jet exit velocity varies from 6.8 to
17.3 feet per second (fps) for all operations.
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TABLE 5

Design Characteristics of Blowdown Diffusers
for Normal Operation

OPERATING PARAMETERS Minimum Maximum

44.6 cfs 170.0 cfs
Blowdown Discharge Rate 28.8 Mgld 109.9 Mgld

Port Velocity (fps) 6.8 17.3

Appeoach Pipe Velocity (fps) 2.3 5.9

Dead End Head (ft) 1.6 10.4

Diffuser Head Required (ft) 1.7 11.1

Total Head Required from
Wye (ft) 1.8 12.1
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III. HYDROTHERMAL ANALYSES

Due to the unique configuration of having a dam, a fossil plant, and a nuclear plant
located in close proximity to each other, the effects of the individual and combined fossil and
nuclear discharges on the fiver temperature (near-field) are evaluated.

A. Watts Bar Fossil Plant Thermal Discharge

1. Future Watts Bar Fossil Plant Operation

Currently Watts Bar Fossil Plant is mothballed. There are no schedules for unit start
up. The units are being considered for a solid waste burning facility. However, the
project is only in the initial exploration stage. A waste-fired plant is not anticipated
to have a higher heat discharge than the previous coal-fired operation.

2. Watts Bar Fossil Plant 316a Variance

The Environmental Protection Agency granted TVA a 316a variance for WBF
once-through cooling operation in 1975 (Zeller, 1975). The variance was based in part
on water temperature surveys (Tennessee Valley Authority, 1974). The WBF NPDES
permit issued in 1984 (with continued 316a variance) has a daily average discharge
limit of 90'F (32.2°C).

3. Effects of Watts Bar Fossil Plant on Water Temperatures

Although WBF is not currently on-line, there is a possibility of some form of renewed
operation in the future. Because the thermal discharge characteristics of any future
fossil plant operation are unknown, predictive modeling efforts utilize the cooling water
flow and temperature rise of the past operation. Thus, the discharge analyzed
conforms to the previous full load fossil plant discharge of 626 cfs with a 10 F0

(5.6 C0 ) temperature rise, which equates to adding 1.4x109 Btu/hr heat to the river.

4. River Temperature Analysis

Ungate and Howerton (1977) provide the most complete analysis of the fossil plant
discharge together with field measurements. Using the surface jet model of Shirazi and
Davis (1974), Ungate and Howerton analyzed the initial mixing zone of the discharge.
The initial mixing zone extended between 300 and 800 ft downstream of the discharge
depending on the ambient flowrate. At the edge of the initial mixing zone, calculated
temperature rises for the plume centerline were between 1 and 5 F0 (0.6 and 2.8 C0),
and for the average of the whole plume were between 0.5 and 3 F0 (0.3 and 1.7 C0).
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At higher ambient flows and higher pool elevations, the calculated temperature rises
were smaller. Temperatures beyond the initial mixing zone were not presented.

Additionally, Ungate and Howerton (1977) described field observations of the fossil
plant discharge during and immediately following a prolonged period of zero river
flow. Periods of zero flow can extend 12 hours or longer as WBH operates for
peaking power purposes. Under zero flow conditions, the heated discharge is not
advected downstream. The river in the fossil plant vicinity is gradually heated as the
discharge re-entrains itself.

The field observations made on October 30, 1977, included studies of the river during
and after a 12-hour flow shutdown, while all four WBF units were operating. The
observed longitudinal excess water temperature is shown in Figure A.6, along with
measurements made during a 6-hour shutdown on March 16, 1974. The effect of the
extended duration is to increase the longitudinal extent, but not the maximum value,
of the excess temperature of the warm water slug. The downstream edge of the warm
water slug proceeded downstream as a stratified surface layer, causing less than a
1.0 Fo (0.6 C0 ) temperature rise in the vicinity of the nuclear plant discharge at
TRM 527.8. Upstream of the discharge, no significant difference in the excess
temperature distribution was observable for the two shutdown durations. Apparently
the excess temperature distribution upstream of the discharge attains a steady-state
condition after six hours of zero river flow.

Once flow at WBH is resumed after a shutdown, the warm water slug is advected
downstream. Figure A.7 shows field measurements and model predictions of the river
temperature presented by Ungate and Howerton (1977) for resumed flow following the
October 30, 1977, shutdown. The field survey and model predictions show that after
an extended period of no flow (12 hours), the discharge from WBF caused a
temperature rise of almost 3.0 F0 (1.7 C0) at the WBN diffuser location. During the
critical summer months the temperature rise would be less because the discharge is
submerged and, in rising to the surface, the discharge entrains a greater volume of the
ambient water.

5. Summary of Effects for Combined Evaluation

A conservative approach was taken to estimate the downstream impact of the discharge
for the combined operation of the fossil and nuclear plants. A 3.0 F0 (1.7 C")
temperature increase over the ambient was used to quantify the impact of the fossil
operation at the nuclear diffuser. The 3.0 F0 (1.7 C0 ) increase is greater than the
observed increase after a 12-hour shutdown. In mid-summer, the increase should be
less than 3.0 F0 (1.7 C0 ) due to the higher pool and the associated discharge
submergence which provides a greater available volume of water for dilution.
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B. Watts Bar Nuclear Plant Thermal Discharge

1. Near-Field Effects of Diffuser Discharge on River Temperature

The thermal effects of the WBN discharge on Chickamauga Reservoir depend on the
ambient river flow temperature and surface elevation and the discharge flow and
temperature through the WBN diffusers. A computer model was used to simulate the
thermal effects of WBN under several scenarios for WBF and WBN plant operations
for the ambient river and atmospheric conditions of the period from January 1, 1976
through October 15, 1993. River flows and elevations, WBN discharge temperatures
and flows, and the resulting downstream river temperatures were calculated for each
hour of this period.

2. Computer Model Inputs

a. Meteorological Data

Hourly wet-bulb and dry-bulb temperatures were obtained from National Weather
Service meteorological records at Chattanooga airport for January 1, 1976, through
October 15, 1993. The Chattanooga airport is the closest airport south
(conservative meteorology) of the Watts Br site. The airport at Knoxville is closer
to the Watts B site but is north of the site, and may be cooler.

b. Watts Bar and Chickamauga Hydro Releases and Chickamauga Headwater Elevation

Hourly releases from Watts Bar and Chickamauga Hydros, and the headwater
elevation at Chickamauga Hydro, were obtained from TVA records for January 1,
1976 through October 15, 1993.

c. Reservoir Elevations at WBN Site

The discharge flowrate through the WBN diffusers depends on the difference in
elevation between the river surface at WBN and the water surface in the WBN
holding pond. During periods of discharge from WBH, the river elevation at WBN
can be lower than WBH tailwater elevation (Figure A.8). Therefore, river flow and
river elevations at WBN were calculated on an hourly basis using an explicit
one-dimensional unsteady numerical flow routing model (Ferrick and Waldrop,
1977). Hourly discharges from WBH and Chickamauga Hydro and the headwater
elevation at Chickamauga Hydro were used as boundary conditions. The model was
-calibrated using field measurements of river elevation at WBN for the month of
August 1993 (Figure A. 8).
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(conservative meteorology) of the Watts 1m' site. The airport at Knoxville is closer 
to the Watts 1m' site but is north of the site, and may be cooler. 

b. Watts Bar and Chickamauga Hydro Releases and Chickamauga Headwater Elevation 

Hourly releases from Watts Bar and Chickamauga Hydros, and the headwater 
elevation at Chickamauga Hydro, were obtained from TVA records for January 1, 
1976 through October 15, 1993. 

c. Reservoir Elevations at WBN Site 

The discharge flowrate through the WBN diffusers depends on the difference in 
elevation between the river surface at WBN and the water surface in the WBN 
holding pond. During periods of discharge from WBH, the river elevation at WBN 
can be lower than WBH tailwater elevation (Figure A.8). Therefore, river flow and 
river elevations at WBN were calculated on an hourly basis using an explicit 
one-dimensional unsteady numerical flow routing model (Ferrick and Waldrop, 
1977). Hourly discharges from WBH and Chickamauga Hydro and the headwater 
elevation at Chickamauga Hydro were used as boundary conditions. The model was 
·calibrated using field measurements of river elevation at WBN for the month of 
August 1993 (Figure A. 8). 
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d. River Temperatures Upstream of the Nuclear Plant Site

WBH release temperatures were generated by TVA's System Temperature
(SYSTEMP) model (Alavian and Ostrowski, 1991) using the above meteorological
data. The SYSTEMP model has previously been used to estimate probable extreme
intake temperatures at WBN (Alavian and Potter, 1992). An example of computed
versus measured WBH release temperatures from that study is shown in Figure A.9.
The computed WBH release temperatures were used as the ambient river
temperature at WBN for the scenarios with no WBF operation. For scenarios where
WBF was assumed operational, these temperatures were incremented by the
estimated maximum river temperature rise of 3.0 F° (1.7 C0 ) due to the WBF
discharge (Section III.A.5).

e. WBN Blowdown Flow and Temperature

The diffuser discharge flow and temperature depend on the reactor power levels of
each unit; the flowrates and temperatures of the condenser cooling water (CCW),
essential raw cooling water (ERCW), and raw cooling water (RCW) systems; the
surface elevations of the yard holding pond and Chickamauga Reservoir; the
ambient wet-bulb and dry-bulb temperatures; and the intake temperature of the
ERCW and RCW systems.

Hourly values of tower blowdown flow and temperature were computed using steam
turbo-generator and cooling tower performance calculation methods (Benton, 1992).
Two-unit WBN operation at full design load was assumed. In cases where the
turbine backpressure limit of 5.5 inches of mercury would be exceeded, the unit
loads were reduced to meet the backpressure limit. Cooling tower capabilities of
89 percent were assumed for both towers. Condenser cleanliness factors of 85
percent were assumed for both units.

ERCW pump flowrates were assumed to be 21.7 cfs (9,740 gal/min) per pump.
RCW pump flowrates were assumed to be 10.3 cfs (4,610 gal/min) per pump.
These flowrates assume 10 percent degradation from design capacity as indicated
in the ERCW Design Criteria and RCW System Description (TVA Engineering
Design, 1993; TVA Engineering Design, 1988). ERCW and RCW system intake
temperatures were assumed equal to the ambient river temperature.

The diffuser discharge was computed with a pipe flow routing program which
distributes the flow between diffuser legs by balancing the head between the pond
and the river. The program simulates the operation of the yard holding pond in a
manner such that flow conservation is maintained for all discharges entering the
blowdown system from the cooling towers. It was assumed that both diffuser legs
were operated whenever diffuser discharge was permitted.

d River Temperatures Upstream of the Nuclear Plant Site 

WBH release temperatures were generated by TV A's System Temperature 
(SYSTEMP) model (AlaVian and Ostrowski, 1991) using the above meteorological 
data. The SYSTEMP model has previously been used to estimate probable extreme 
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The diffuser discharge flow and temperature depend ill the reactor power levels of 
each unit; the flowrates and temperatures of the condenser cooling water (CCW), 
essential raw cooling water (BRCW), and raw cooling water (RCW) systems; the 
surface elevations of the yard holding pond and Chickamauga Reservoir; the 
ambient wet-bulb and dry-bulb temperatures; and the intake temperature of the 
ERCW and RCW systems. 

Hourly values of tower blowdown flow and temperature were computed using steam 
turbo-generator and cooling tower performance calculation methods (Benton, 1992). 
Two-unit WBN operation at full design load was assumed. In cases where the 
turbine backpressure limit of 5.5 inches of mercury would be exceeded, the unit 
loads were reduced to meet the backpressure limit. Cooling tower capabilities of 
89 percent were assumed for both towers. Condenser cleanliness factors of 85 
percent were assumed for both units. 

ERCW pump flowrates were assumed to be 21.7 cfs (9,740 gal/min) per pump. 
RCW pump flowrates were assumed to be 10.3 cfs (4,610 gal/min) per pump. 
These flowrates assume 10 percent degradation from design capacity as indicated 
in the ERCW Design Criteria and RCW System Description (IVA Engineering 
Design, 1993; TVA Engineering Design, 1988). ERCW and RCW system intake 
temperatures were assumed equal to the ambient river temperature. 

The diffuser discharge was computed with a pipe flow routing program which 
distributes the flow between diffuser legs by balancing the head between the pond 
and the river. The program simulates the operation of the yard holding pond in a 
manner such that flow conservation is maintained for all discharges entering the 
blowdown system from the cooling towers. It was assumed that both diffuser legs 
were operated whenever diffuser discharge was permitted. 



Model Results

The heated effluent dilution caused by the interaction between WBN submerged
diffusers and the river was computed using an analytical expression (Adams, 1972)
described in Ungate and Howerton (1977). Two operational scenarios were
investigated. For both scenarios, hourly WBN discharge temperature and flow, and
downstream river temperature, temperature rise, and rate of change were calculated for
the period from January 1, 1976 through October 15, 1993. Results of simulation for
each scenario are given below:

a. Scenario 1 - Operation of WBN under the current discharge restrictions (no WBN
diffuser discharge when WBH discharge is less than 3,500 cfs) and no WBF plant
operation.

In this scenario, WBF is not operating and no discharge from the WBN diffusers
is allowed if the WBH discharge is less than 3,500 cfs (one-half unit operation).
During periods when the WBH discharge is below this level, cooling tower
blowdown flow is routed into the yard holding pond. The pond can accumulate
blowdown water for approximately 30 hours before overtopping the overflow weir.
The actual time available before overflow varies with plant pump operation, the
percentage of cooling tower flow which is lost to evaporation, river elevation, and
the initial level of water in the pond.

The maximum pond elevation which occurred under this scenario was 708.05 feet
on September 26, 1988 at 1200 hours, corresponding to an overflow weir discharge
of 60 cfs (Figure A.10). The maximum diffuser discharge of 165 cfs, a
combination of 65 cfs blowdown from the towers and 100 cfs flow from the yard
holding -pond, occurred on September 26, 1988 at 1300 hours. The maximum total
discharge from the plant occurred at the same time, with an additional 25 cfs being
discharged from the overflow weir for a total discharge rate of 190 cfs
(Figure A. 11).

The maximum upstream river temperature for this scenario was 82.5 °F (28.1 C0 )
on July 29, 1993. The maximum downstream river temperature of 82.6°F
(28.1 C0 ) occurred on the same date (Figure A. 12). The maximum downstream
river temperature rise was 1.8 F0 (1.0 C0 ) on February 3, 1986 (Figure A.13).
The maximum diffuser discharge temperature was 97.3°F (36.3 C0 ) on July 13,
1980 (Figure A.14). Minimum, average, and maximum monthly values for the
downstream temperature rise, downstream temperature, and discharge temperature
are shown in Table 6.

b. Scenario 2 - Operation of WBN under the current discharge restrictions (no WBN
diffuser discharge when WBH discharge is less than 3,500 cfs) but with WBF plant
operation.

Model Results 

The heated effluent dilution caused by the interaction between WBN submerged 
diffusers and the river was computed using an analytical expression (Adams, 1972) 
described in Ungate and Howerton (1977). Two operational scenarios were 
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percentage of cooling tower flow which is lost to evaporation, river elevation, and 
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of 60 cfs (Figure A.lO). The maximum diffuser discharge of 165 cfs, a 
combination of 65 cfs blowdown from the towers and 100 cfs flow from the yard 
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discharge from the plant occurred at the same time, with an additional 25 cfs being 
discharged from the overflow weir for a total discharge rate of 190 cfs 
(Figure All). 

The maximum upstream river temperature for this scenario was 82.5 OF (28.1 CO) 
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diffuser discharge when WBH discharge is less than 3,500 cfs) but with WBF plant 
operation. 



TABLE 6

Summary of Results (Scenario 1)
Downstream Temperature, January 1, 1976 to October 15,' 1993

Assumptions: No WBF operation, no WBN discharge when
WBH release is < 3,500 cfs

Month Temperature Rise F° River Temperature *F Discharge Temperature *F

Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average

Jan 0.0 1.6 0.2 34.9 58.4 42.0 43.0 80.6 64.3

Feb 0.0 1.8 0.3 35.1 51.3 41.9 50.8 83.5 66.6

Mar 0.0 1.7 0.3 37.7 56.7 47.7 51.3 87.0 70.8

Apr 0.0 1.4 0.3 48.7 65.6 56.7 59.1 88.1 75.1

May 0.0 1.0 0.2 57.8 72.4 64.5 64.9 91.5 79.9

Jun 0.0 0.9 0.2 62.3 79.1 70.7 70.1 94.0 84.5

Jul 0.0 0.7 0.1 66.2 82.6 74.9 76.2 97.3 86.8

Aug -0.1 0.4 0.1 70.8 81.8 76.5 74.5 95.4 86.0

Sep -0.2 0.7 0.1 67.5 81.2 75.0 67.2 93.0 82.5

Oct -0.3 0.9 0.1 58.2 76.8 68.0 59.1 90.3 75.5

Nov -0.1 1.2 0.1 47.6 68.3 58.8 54.7 86.0 70.9

Dec 0.0 1.5 0.2 39.8 59.5 48.7 46.8 85.1 66.4

Month 

Minimum 

Jan 0.0 

Feb 0.0 

Mar 0.0 

Apr 0.0 

May 0.0 

Jun 0.0 

Jul 0.0 

Aug -0.1 

Sep -0.2 

Oct -0.3 

Nov -0.1 

Dec 0.0 

TABLE 6 

Summary of Results (Scenario 1) 
Downstream Temperature, January 1, 1976 to October 15,' 1993 

Assumptions: No WBF operation, no WBN discharge when 
WBH release is < 3,500 cfs 

Temperature Rise FO River Temperature OF . Discharge Temperature OF 

Maximum Average Minimum Maximum Average Minimum Maximum Average 

1.6 0.2 34.9 58.4 42.0 43.0 80.6 64.3 

1.8 0.3 35.1 51.3 41.9 50.8 83.5 66.6 

1.7 0.3 37.7 56.7 47.7 51.3 87.0 70.8 

1.4 0.3 48.7 65.6 56.7 59.1 88.1 75.1 

1.0 0.2 57.8 72.4 64.5 64.9 91.5 79.9 

0.9 0.2 62.3 79.1 70.7 70.1 94.0 84.5 

0.7 0.1 66.2 82.6 74.9 76.2 97.3 86.8 

0.4 0.1 70.8 81.8 76.5 74.5 95.4 86.0 

0.7 0.1 67.5 81.2 75.0 67.2 93.0 82.5 

0.9 0.1 58.2 76.8 68.0 59.1 90.3 75.5 

1.2 0.1 47.6 68.3 58.8 54.7 86.0 70.9 

1.5 0.2 39.8 59.5 48.7 46.8 85.1 66.4 



In this scenario, WBF is assumed to be operational, and the same restrictions on
WBN diffuser discharge apply as in Section III.B.3.a. The upstream river
temperature for this scenario, incremented by the estimated maximum river
temperature rise due to WBF operation (3 FP, 1.7 C0), resulted in a maximum
upstream river temperature of 85.5 *F (29.7 C0 ) on July 28, 1993. The maximum
downstream river temperature of 85.6"F (29.8 C0 ) occurred on the same date
(Figure A. 15).

The maximum downstream river temperature rise for this scenario was 1.7 F0

(0.9 C0 ) on February 3, 1986 (Figure A. 16). The discharge temperature from a
closed cycle plant is primarily determined by air temperature and plant load, and
is relatively independent of the intake water temperature. Thus, the maximum
diffuser discharge temperature for this scenario was the same as Scenario 1 (97.3 °F,
36.3 C0 , on July 13, 1980). Minimum, average, and maximum monthly values for
the downstream temperature rise, downstream temperature, and discharge
temperature are shown in Table 7.

4. Worst Case Combination of Ambient River and Air Temperatures and WBN Diffuser
Operation

The WBN diffuser operation was analyzed for the combined worst case ambient river,
air, and yard holding pond temperatures. The maximum value of upstream river
temperature for full load operation of WBF was used (85.5°F, 29.7°C). The air
temperature values at the time of maximum discharge temperature in the previous runs
were used [dry- and wet-bulb temperatures of 102'F (38.9 °() and 85.0F (29.4°C)].
*A yard holding pond temperature of 104°F (40.0°C) was used (details are provided in
Section III.B.6).

When WBN diffuser discharge is not permitted (WBH discharge is less than 3,500 cfs),
the worst case discharge condition would occur at the beginning of a 3,500 cfs release
from WBH after a period when the WBN pond has reached its maximum elevation.
The resulting discharge from WBN was a combination of tower blowdown flow of
83.8 cfs at 97.3°F (36.3°C) and flow from the pond through the diffusers of 98.6 cfs
at 104'F (40.0°C). The diffuser discharge flow of 182.4 cfs at 100.9°F (38.3°C)
resulted in a river temperature rise of 0.9 F0 (0.5 C0 ) and a downstream river
temperature of 86.4°F (30.2°C) (Table 8).

If the maximum WBN-induced temperature rise (1.8 F0 , 1.0 C0 ) is added to the 3 F0

(1.7 C0) increase from WBF operation after resumed releases from WBN, the
combined worst case temperature rise is 4.8 F0 (2.7 C0).
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In this scenario, WBF is assumed to be operational, and the same restrictions on 
WBN diffuser discharge apply as in Section III.B.3.a. The upstream river 
temperature for this scenario, incremented by the estimated maximum river 
temperature rise due to WBF operation (3 FO, 1.7 CO), resulted in a maximum 
upstream river temperature of 85.5 OF (29.7 CO) on July 28, 1993. The maximum 
downstream river temperature of 85.6°F (29.8 CO) occurred on the same date 
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is relatively independent of the intake water temperature. Thus, the maximum 
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36.3 Co, on July 13, 1980). Minimum, average, and maximum monthly values for 
the downstream temperature rise, downstream temperature, and discharge 
temperature are shown in Table 7. 

4. Worst Case Combination of Ambient River and Air Temperatures and WBN Diffuser 
Operation 

The WBN diffuser operation was analyzed for the combined worst case ambient river, 
air, and yard holding pond temperatures. The maximum value of upstream river 
temperature for full load operation of WBF was used (85.5°F, 29.7°C). The air 
temperature values at the time of maximum discharge temperature in the previous runs 
were used [dry- and wet-bulb temperatures of 102°F (38.9°C) and 85.0°F (29.4°C)]. 
A yard holding pond temperature of 104°F (40.0°C) was used (details are provided in 
Section IILB.6). 

When WBN diffuser discharge is not permitted (WBH discharge is less than 3,500 cfs), 
the worst case discharge condition would occur at the beginning of a 3,500 cfs release 
from WBH after a period when the WBN pond has reached its maximum elevation. 
The resulting discharge from WBN was a combination of tower blowdown flow of 
83.8 cfs at 97.3°F (36.3°C) and flow from the pond through the diffusers of 98.6 cfs 
at 104°F (40.0°C). The diffuser discharge flow of 182.4 cfs at lOO.9°F (38.3°C) 
resulted in a river temperature rise of 0.9 FO (0.5 CO) and a downstream river 
temperature of 86.4 OF (3D.2°C) (Table 8). 

If the maximum WBN-induced temperature rise (1.8 F O, 1.0 CO) is added to the 3 FO 
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TABLE 7

Summary of Results (Scenario 2)
Downstream Temperatures, January 1 to October 1993

Assumptions: WBF operation, no WBN discharge when
WBH release is < 3,500 cfs

0%

Month Temperature Rise F° River Temperature *F Discharge Temperature *F

Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average

Jan 0.0 1.5 0.2 37.9 54.8 45.0 43.0 80.6 64.3

Feb 0.0 1.7 0.2 38.1 54.3 44.9 50.8 83.5 66.6

Mar 0.0 1.6 0.2 40.7 59.5 50.7 51.3 87.0 70.8

Apr 0.0 1.2 0.3 51.7 68.5 59.7 59.1 88.1 75.1

May -0.1 0.9 0.2 60.8 75.3 67.5 64.9 91.5 79.9

Jun -0.1 0.7 0.1 65.3 82.0 73.7 70.1 94.0 84.5

Jul -0.1 0.6 0.1 69.2 85.6 77.9 76.2 97.3 86.8

Aug -0.2 0.3 0.1 73.8 84.7 79.5 74.5 95.4 86.0

Sep -0.3 0.6 0.1 70.4 84.2 78.0 67.2 93.0 82.5

Oct -0.4 0.8 0.1 61.2 79.7 71.0 59.1 90.3 75.5

Nov -0.2 1.0 0.1 50.6 71.2 61.8 54.7 86.0 70.9

Dec 0.0 1.4 0.1 42.8 62.5 51.7 46.8 85.1 66.4

Month 

Minimum 

Ian 0.0 

Feb 0.0 

Mar 0.0 

Apr 0.0 -0\ 
May -0.1 

Iun -0.1 

lui -0.1 

Aug -0.2 

Sep -0.3 

Oct -0.4 

Nov -0.2 

Dec 0.0 

TABLE 7 

Summary of Results (Scenario 2) 
Downstream Temperatures, January 1 to October 1993 

Assumptions: WBF operation, no WBN discharge when 
WBH release is < 3,500 cfs 

Temperature Rise po River Temperature OF Discharge Temperature OF 

Maximum Average Minimum Maximum Average Minimum Maximum Average 

1.5 0.2 37.9 54.8 45.0 43.0 80.6 64.3 

1.7 0.2 38.1 54.3 44.9 50.8 83.5 66.6 

1.6 0.2 40.7 59.5 50.7 51.3 87.0 70.8 

1.2 0.3 51.7 68.5 59.7 59.1 88.1 75.1 

0.9 0.2 60.8 75.3 67.5 64.9 91.5 79.9 

0.7 0.1 65.3 82.0 73.7 70.1 94.0 84.5 

0.6 0.1 69.2 85.6 77.9 76.2 97.3 86.8 

0.3 0.1 73.8 84.7 79.5 74.5 95.4 86.0 

0.6 0.1 70.4 84.2 78.0 67.2 93.0 82.5 

0.8 0.1 61.2 79.7 71.0 59.1 90.3 75.5 

1.0 0.1 50.6 71.2 61.8 54.7 86.0 70.9 

1.4 0.1 42.8 62.5 51.7 46.8 85.1 66.4 



TABLE 8

Summary of Results - Watts Bar Nuclear Plant Thermal Discharge
Worst Case Steady-State Conditions with Continuous Discharge

Assumptions: Worst case meteorology, upstream, and pond temperatures; Loads
adjusted for 5.5 in.-Hg limit; Maximum diffuser discharge flow

Unit I Unit 2 Units 1 & 2

River flow (cfs) -- " 3500

Velocity (fps) -- " 0.227

Elevation (ft) .... 680.0

Dry-bulb temperature (*F) -- - 102.0

Wet-bulb temperature (*F) ..... 85.0

Relative humidity (%) .... 50.3

Intake temperature (*F) .... 85.5

Condenser cleanliness (%) 95.0 95.0 95.0

Tower capabilities (%) 89.0 89.0 89.0

CCW pumps 4 4 8

ERCW pumps 2 2 4

ERCW bypass (cfs) 0.0 0.0 0.0

RCW pumps 3 3 6

Loads (MWe) 960 960 1920

CCW inlet temperature (*F) 98.0 98.0 98.0

CCW outlet temperature ('F) 130.2 130.2 130.2

Turbine backpressure (in.-Hg) 5.5 5.5 5.5

Tower flows (cfs) 935 935 1870

Tower blowdown flows (cfs) 41.9 41.9 83.8

Tower discharge temperature ('F) 97.3 97.3 97.3

Pond elevation (ft) .... 708.1

Pond temperature (*F) .... 104.0

Diffuser discharge temperature (*F) .... 100.9

Diffuser discharge (cfs) 70.1 112.3 182.4

Overflow weir discharge (cfs) .... 65.9

Upstream temperature (OF) .... 85.5

Downstream temperature (0F) .... 86.4

Temperature Rise (F0 ) .... 0.9
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TABLE 8 

Summary of Results - Watts Bar Nuclear Plant Thennal Discharge 
Worst Case Steady-State Conditions with Continuous Discharge 

Assumptions: Worst case meteorology, upstream, and pond temperatures; Loads 
adjusted for 5.5 in.-Hg limit; Maximum diffuser discharge flow 

Unit 1 Unit 2 Units 1 & 2 

River flow (cfs) -- -- 3500 

Velocity (fps) -- -- 0.227 

Elevation Cft) -- -- 680.0 

Dry-bulb temperature (oF) -- - 102.0 

Wet-bulb temperature (oF) -- . -- 85.0 

Relative humidity (%) -- -- 50.3 

Intake temperature (oF) -- -- 85.5 

Condenser cleanliness C%) 95.0 95.0 95.0 

Tower capabilities (%) 89.0 89.0 89.0 

CCW pumps 4 4 8 

ERCW pumps 2 2 4 

ERCW bypass (cfs) 0.0 0.0 0.0 

RCW pumps 3 3 6 

Loads (MWe) 960 960 1920 

CCW inlet temperature (oF) 98.0 98.0 98.0 

CCW outlet temperature ("F) 130.2 130.2 130.2 

Turbine backpressure (in.-Hg) 5.5 5.5 5.5 

Tower flows (cfs) 935 935 1870 

Tower blowdown flows (cfs) 41.9 41.9 83.8 

Tower discharge temperature (oF) 97.3 97.3 97.3 

Pond elevation Cft) -- -- 708.1 

Pond temperature (oF) -- -- 104.0 

Diffuser discharge temperature COP) -- -- 100.9 

Diffuser discharge (cfs) 70.1 112.3 182.4 

Overflow weir discharge (cfs) -- -- 65.9 

Upstream temperature (oF) -- -- 85.5 

Downstream temperature (oF) -- -- 86.4 

Temperature Rise (FO) -- -- 0.9 
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5. Daily Average Discharge Temperature Limit

Experience with thermal discharges at TVA's other nuclear and fossil plants has shown
that a daily average limit offers plant flexibility without adversely affecting the
receiving water body. Changes in plant operations, adverse short-term weather
patterns, and other factors can often cause unexpected spikes in water temperatures.
Such temperatures are not representative of the effect of the thermal discharge on the
water environment. All of TVA's fossil plants in Tennessee have a daily average
discharge limit.

The modeling discussed in the previous section showed that even a steady-state
discharge (up to 100.9°F, 38.3°C) under worst case conditions (worst meteorology on
record, full load WBF Operation, and no WBH Operation) guarantees that the
discharge after mixing will meet the State of Tennessee's thermal water quality criteria.

Table 9 shows the worst daily average discharge temperature in the two scenario
simulations. Also shown is the maximum hourly discharge temperature. Based on
these results and providing for a small margin of safety, TVA proposes a daily average
discharge limit for WBN of 95°F (35°C).

6. Yard Holding Pond Temperature - Maximum Temperature Limit

During a period of zero discharge from the WBH, the blowdown is stored in the yard
holding pond. The following assumptions were used to calculate the rise of pond water
temperature:

a. zero discharge from WBH for 12 hours,
b. worst meteorological conditions (July 1952),
c. pond surface elevation at 707.0 feet,
d. pond bottom elevation at 688.0 feet,
e. no advection to cool the water, and
f. maximum blowdown temperature of 97.3 °F (36.3°C).

The analysis results show that the pond water temperature could reach 104.0°F
(40.0°C), and the water would discharge through the pond overflow weir if the pond
elevation should reach above 707.0 feet (Figure A. 17).

7. Thermal Impact of Yard Holding Pond Overflow on the River Temperature

CORMIX (Cornell Mixing Zone Expert System, NCASI, 1992), was used to model the
mixing of the pond discharge through the overflow weir into the river. The following
assumptions were used:
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b. worst meteorological conditions (July 1952), 
c. pond surface elevation at 707.0 feet, 
d. pond bottom elevation at 688.0 feet, 
e. no advection to cool the water, and 
f. maximum blowdown temperature of 97.3 OF (36.3°C). 

The analysis results show that the pond water temperature could reach 104.0°F 
(40.0°C), and the water would discharge through the pond overflow weir if the pond 
elevation should reach above 707.0 feet (Figure A. 17). 

7. Thermal Impact of Yard Holding Pond Overflow on the River Temperature 

CORMIX (Cornell Mixing Zone Expert System, NCASI, 1992), was used to model the 
mixing of the pond discharge through the overflow weir into the river. The following 
assumptions were used: 



TABLE 9

Effects of Watts Bar Nuclear Plant Operation on River Temperature
Summary Results of Scenario Simulations

Maximum
Maximum Daily

Scenario Maximum Maximum Maximum Hourly Average
Characteristics Upstream Downstream Temperature Discharge Discharge

Temperature Temperature Rise* Temperature Temperature
("F) (OF) (F°) (OF) (OF)

No WBF operation,
no WBN discharge when 82.5 82.6 1.8 97.3 93.3
WBH release < 3500 cfs

WBF operation,
no WBN discharge when 85.5 85.6 1.7 97.3 93.3
WBH release < 3500 cfs

* Temperature rise due only to WBN thermal discharge

Scenario 

1 

2 

TABLE 9 

Effects of Watts Bar Nuclear Plant Operation on River Temperature 
Summary Results of Scenario Simulations 

Maximum· 
Scenario Maximum Maximum Maximum Hourly 

Characteristics Upstream Downstream Temperature Discharge 
Temperature Temperature Rise* Temperature 

(OF) (oF) (PO) (OF) 

No WBF operation, 
no WBN discharge when 82.5 82.6 1.8 97.3 
WBH release < 3500 cfs 

WBF operation, 
no WBN discharge when 85.5 85.6 1.7 97.3 
WBH release < 3500 cfs 

* Temperature rise due only to WBN thermal discharge 

Maximum 
Daily 

Average 
Discharge 

Temperature 
(OF) 

93.3 

93.3 



a. river at summer pool elevation of 682.0 feet,
b. ambient temperature of 84.5°F (29.2 0C),
c. river at the low flow of 0.3 feet per second velocity,
d. pond discharge temperature of 104.0°F (40.0°C), and
e. pond flow of 60 cfs.

The modeling results indicate that a steady state was reached at about 3,000 feet, fully
laterally mixed to the depth of 1.2 feet. The temperature rise in the plume is 1.3 F°
(0.7 C0 ) which is lower than the State criteria of 5.4 F0 (3.0 C0 ).

8. Nuclear Plant Mixing Zones and Zone of Passage

The permitted diffuser mixing zone at WBN extends 240 feet downstream over the
entire river depth and diffuser system width (240 feet) for all discharge operations
(Ungate and Howerton, 1977). Figure A.5 (from Ungate and Howerton, 1977) shows
the diffuser location. The width of the Tennessee River at the nuclear plant site is
about 1,000 feet. Previous studies of diffuser mixing considered river flows as low as
3,500 cfs.

The diffuser mixing zone will be confirmed by field observations for one-unit operation
and later for two-unit operation. As shown in Figure A.5, there should be ample area
for fish movement on the left (looking downstream) side of the river under all
operating conditions. The navigation lock is also located on the left side of the river
for fish movement past the dam (see Figure A. 1).

The discharge from overflowing the yard holding pond takes longer to mix than the
diffuser discharge. The proposed mixing zone for the surface discharge is 1,000 feet
wide and extends 3,000 feet downstream. Because of the surface discharge, there
should be ample area for fish movement below the surface plume.

9. Summary of Watts Bar Nuclear Plant Thermal Effects

Table 9 summarizes the results of the two operational scenarios evaluated. The
maximum hourly downstream temperature was 85.6°F (29.8"C) and the maximum
temperature rise was 1.8 F0 (1.0 C0). Because the maximum hourly temperature rise
is below 3.6 F0 (2.0 C0), the plant-induced rate of temperature change will always
meet the State rate of temperature change criteria of 3.6 F°/hour (2.0 C0/hour). The
maximum hourly discharge temperature (97.3 F0 , 36.3 C0), only dependent on
meteorology, was the same in both scenarios.

The worst case conditions evaluated at steady-state showed that, even with a discharge
of 100.9-F (38.3-C), the maximum downstream temperature of 86.4°F (30.2°C) is
below the State criteria of 86.90F (30.5 0C). Based on the worst case steady-state
results, the maximum daily averages shown in Table 9, and a small margin of safety,
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TVA proposes a daily average discharge limit of 95°F (35°C). TVA also proposes a
pond overflow temperature limit of 104'F (40"C), which would be measured by grab
sample once a day at the overflow weir during an emergency overflow.

The previously defined diffuser mixing zone is 240 feet wide and extends 240 feet
downstream. Due to the location and width of the diffuser, ample space exists for fish
to pass by the plant during all operations. The proposed mixing zone for the overflow
discharge is 1,000 feet wide and extends 3,000 feet downstream. These evaluations
will be confirmed by field investigations.
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IV. THE COMBINED EFFECT OF WATTS BAR NUCLEAR AND FOSSIL PLANT
DISCHARGES ON SEQUOYAH NUCLEAR PLANT

Sequoyah Nuclear Plant (SQN) is located about 45 river miles downstream of the Watts
Bar facilities. A reservoir water quality model was used to determine the potential effects of the
Watts Bar facilities on SQN intake temperatures and subsequent operation.

The impact of thermal discharges from WBN (TRM 527.8) and WBF (TRM 529.0) on
SQN (TRM 484.5) operation was examined using the two-dimensional Chickamauga Box
Exchange Transport Temperature and Ecology of a Reservoir (BETTER) model. The
Chickamauga BETTER model was calibrated with three years of field surveys (1985, 1986, and
1987) and was verified using field data collected in 1988. A detailed description of the model
and discussions on model calibration and verification cn be found in Butkus, et al. (1990). The
following worst case was selected to evaluate the effects of thermal discharges from WBN and
WBF under 1986 (dry year) hydrology and meteorology, assuming the two units at SQN are in
operation with a total condenser circulating water flow of about 3,000 cfs.

Both nuclear units were assumed in operation plus yard holding pond discharge at WBN
and surface discharge at WBF. The maximum blowdown rate is about 85 cfs. Combined with
the yard holding pond discharge, the maximum worst case total discharge amounts to 182.4 cfs
(Table 8). The blowdown temperature is a function of the wet-bulb temperature and can be
computed (from a curve fit of model results) as:

Tb = 17.1777 +0.230339Td-(0.463474 X 10-ý )Td2+0.250133T

- (0.127615 x 10-2)Tý2 + (0.94504 x 10-2)Td7T

where Tb is the blowdown temperature in °C, Td is the dry bulb temperature in °C, and T,, is
the wet-bulb temperature in *C. No ambient heating or cooling is assumed for the yard holding
pond discharge. The blowdown and the yard holding pond discharge enter the river via two
multiport diffusers with a combined length of about 240 ft.

When WBF is operated at rated capacity, the plant requires 626 cfs of cooling water
and raises the temperature of water withdrawn through Watts Bar Dam by up to 10 F° (5.6 C°)
(Ungate and Howerton, 1977). Because the elevation of the centerline of the turbines (elevation
676 feet, approximately 60 feet deep) is 40 feet below the fossil plant intake, water temperatures
entering the fossil plant could theoretically be higher than water temperatures entering the
turbines. A study of withdrawal thickness at WBH indicates that water from all depths enter the
turbines, even when a warm surface layer is present in the summer months (TVA, 1972). The
temperature difference between the fossil plant intake and the turbine discharge is, therefore, not
considered to be significant. In this study, the temperature of water entering the fossil plant is
assumed equal to the release temperature at WBH.

The combined effects of WBN and WBF thermal discharges can be evaluated by
comparing water temperatures at the SQN intake (TRM 483.7-484.8) against that of a base run
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which does not include thermal discharges from WBN and WBF. As shown in Figure A. 18,
below the WBN and WBF thermal discharges (TRM 527.4-529.0), the average differences in
the surface and bottom temperatures are about 1.3 F0 (0.7 C0 ) and 0.5 F0 (0.3 C0 ) even under
extremely low flow conditions. A large increase in surface temperature of about 4.5 F0

(2.5 C0 ) occurs in early July under reverse flow conditions. This reverse flow was computed
based on the flat pool assumption and might not actually happen in the field. The temperature
increase dissipates quickly as it flows downstream. At the SQN intake (Figure A. 19), there is
essentially no difference in the surface temperature, and the average difference in the bottom
temperature is reduced to about 0.4 F0 (0.2 C0). Immediately below the SQN diffuser
(TRM 483.0-483.7), the average difference in the bottom temperature (Figure A.20) is reduced
to about 0.2 F0 (0.1 C0 ). With higher river flows, the combined impacts of WBN and WBF
are expected to be less pronounced as the temperature increase would quickly dissipate due to
dilution with larger flows. At Chickamauga Dam, the effect of WBN and WBF is almost
indiscernible as demonstrated by the difference in release temperatures in Figure A.21.

The combined effects of WBN and WBF thermal discharges on SQN operation are
expected to be small with an average increase in bottom temperature of about 0.4 F0 (0.2 C0 )
under low river flow conditions. With higher river flows, the impact is expected to be less
pronounced as the temperature increase would quickly dissipate due to dilution with larger flows.
Therefore, operations of Watts Bar Fossil and Nuclear Plants are not anticipated to cause
problems with Sequoyah Nuclear Plant's ability to meet safety or environmental temperature
limits.
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V. PROPOSED THERMAL LIMITS FOR WATIS BAR NUCLEAR PLANT

A. Proposed Diffuser Discharge and Overflow Pond Temperature Limits

TVA proposes a daily average thermal discharge limit of 95'F (35°C). TVA also
proposes a pond overflow temperature limit of 104°F (40°C), measured at least once per day
at the overflow weir. The 240-foot wide diffuser mixing zone extends 240 feet downstream.
The proposed surface overflow mixing zone should be 1,000 feet wide and extend 3,000 feet
downstream.

B. Monitoring and Reporting

WBN has continuous temperature and flowrate sensors to monitor the discharge before
it enters the multiport diffusers. Plant instrumentation can record the hourly-averaged values
of temperature and flowrate measurements. TVA proposes a daily average discharge
temperature limit based on the flow-weighted average of the hourly temperature values measured
during diffuser discharge. Flow weighting provides a true representation of the amount of heat
being discharged. Daily reporting would include both average temperature and flowrate. Should
the yard holding pond overflow, measurements of the discharge flowrate and temperature will
be made by water level measurement and grab sample at least once per day at the overflow weir.
Monthly Discharge Monitoring Reports would provide the maximum and mean daily average
temperature and flowrate values.

TVA will calibrate the plant temperature sensors, flowrate monitors, and transfer
electronics at least annually. Calibration records will be kept on-site for review.

C. Staged Field Verifications

TVA proposes to conduct field surveys of thermal conditions in stages as heated
discharges are added at the Watts Bar site. Near-field surveys of one-unit WBN operation will
be used to verify mathematical modeling assumptions used in this report. The near-field surveys
will attempt to cover both worst-case summer (maximum downstream temperature) and winter
(maximum temperature rise) conditions. Surveys will include steady one-unit releases (7,500 to
10,000 cfs) from WBH. Peaking operations will also be tested where WBH releases are
curtailed at night for up to 16 hours, followed by one-unit hydro plant operation until steady-
state conditions are reached. Appropriate conditions for these surveys may only be available
during periods of normal to low rainfall. Heavy rainfall years may provide too much river flow
in the system to schedule low WBH operations. TVA will attempt to finish the surveys within
a year after full load operation.

The results of all field surveys will be sent to the State of Tennessee within six months
of the survey. Reports will summarize the thermal surveys in tabular and visual formats. The
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surveys will be compared with mathematical model results to verify the assumptions used in this
report. The surveys will also document the mixing zone and zone of passage.

Any field surveys that show exceptions to the assumptions used in this report will be
documented. Revised mathematical models will then be used to re-create the evaluations in this
report.

As units at WtBF or the second unit at WBN are added, new near-field surveys of the
combined thermal effects of plant operations will be made. Similar near-field surveys to those
described above will be conducted during the summer and the winter of the first year of full load
operation. Addition of other heat discharges will also be studied in a similar manner under
worst-case summer and winter conditions.
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Figure A. 18 Effects of WBN & WBF Thermal Discharges on Water Temperature Below WBH - 1986
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Figure A. 19 Effects of WBN & WBF Thermal Discharges on Water Temperature at SQN Intake - 1986
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Figure A.20 Effects of WBN & WBF Thermal Discharges on Water Temperature Below the SQN Diffusers - 1986
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Figure A.21 Effects of WBN & WBF Thermal Discharges on Chickamauga Release Temperature - 1986
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10

submitted to the State of Tennessee in December 1988. The thin

film evaporator and ash vitrification system will be submitted

in January of 1989.

SEG has advised TVA that they do not plan to burn any hazardous

chemical wastes or hospital wastes. Therefore, no applica-

tions have-been made for either a Part A or Part B Resource

Conservation and Recovery Act (RCRA) permit nor a Toxic

Substances Control Act (TSCA) permit.

Because the incinerator will be equipped to burn flammable

fluids consisting primarily of low-level radioactively

contaminated lubrication oil (waste oil) in addition to solids,

EPA has required SEG to develop a spill control and counter-

measure plan (SPCC). The present oil burning equipment

previously approved by TVA will be removed from operation

before the incinerator begins operation and disposed of as

solid waste in accordance with SEG's existing RML.,

SEG has held several local meetings with the public to discuss

the proposed incinerator, They have cooperated with the city

of Oak Ridge's EQUAB review of the proposal and the resulting

approval was published in "The Oak Ridger" on Friday, August 5,

1988, page 3.

TVA has received a letter from the Tennessee State Planning

Office indicating successful completion of intergovernmental

review for this action under Executive Order No. 12372 (see

Attachment K).
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Approval of the incinerator by TVA will be withheld until or

made conditional upon SEG obtaining all required permits and

licenses.

2.0 Need for the Proposed Action

2.1 Need for the Proposed Facility

The SEG facility is currently licensed to process low-level

radioactive waste (LLRW) by sorting, shredding, supercom-

paction, decontamination, solidification, and other miscella-

neous processes. The SEG incinerator will greatly reduce the

disposed volume of combustible LLRW generated by private,

public, and institutional sources resulting in better

conservation of burial space and improvement in waste form.

In addition, the incinerator will be equipped with a liquid

waste injection system to dispose of waste oil and it will

replace auxiliary burners now used to dispose of the waste oil.

The incinerator will allow SEG to offer a wider range of

services at its existing location and it will work in

conjunction with the existing CVRF facility to minimize

requirements for burial space.

2.2 Need for the Proposed Site

The site is currently used by SEG for offices and their CVRF

operation, and use of the incinerator here would promote

Approval of the incinerator by TVA will be withheld until or 

made conditional upon SEG obtaining all required permits and 

licenses. 
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logistical efficiency and convenient oversight. As indicated,

SEG will obtain or has obtained a RML, APC permit, and NESHAP

and EQUAB approval to permit incineration at this location.

Also, the installation of a separate heat exchanger system with

the incinerator will give SEG the capability of supplementing

the heat for its offices and the CVRF during the winter.

Finally, the SEG facility is within the Clinch River Industrial

Park which was developed and zoned by the city of Oak Ridge for

businesses that handle radioactive or hazardous materials. No

other land outside the Clinch River Industrial Park in this

vicinity is currently available for this type of industrial

development.

3.0 Description of the Proposed Action

3.1 Proposed Facility - General Information

SEG's existing facilities consist of a 12,500-square-foot

storage building located at the east end of the developed area,

an adjacent connected 22,920-square-foot processing building

and a separate 5,000--square-foot office building on the west

side of the developed area.

SEG proposes to build a 13,000-square foot steel building

positioned between the existing processing building and Bear

Creek Road to house the incinerator.
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The building will be erected on a concrete slab 200 feet long

by 65 feet wide with an eave height of approximately 20 feet.

The concrete slab will have a four-inch curb on the perimeter

to retain any liquids released in the building. SEG states

that the design criteria for the height of the curb was to

provide a 5X safety factor for the largest tank in the

building. The curb height was also designed to contain the

water from four sprinkler heads running approximately 12 hours

with a flow rate of 20 gallons per head, per hour. The

incinerator room will occupy 7,500 square feet of the building

and the remaining space will be used for offices, shops, and

utility rooms. The floor of the building will be sealed with a

special coating to make cleaning and ultimate decommissioning

easier.

Ventilating and cooling air will be drawn into the building by

an induction fan that will be separate from the incinerator air

supply system. The flow rate through this system will be

approximately 10,000 cubic feet per minute depending on the

filter loadings, The fan system will be connected to the

emergency power supply and will operate if commercial power is

interrupted.

Incoming air will be drawn through a demister and, in cold

months, as necessary, through an air exchanger heated by hot

water from the boiler. All building ventilating and cooling

air will be exhausted from the building through High Energy

Particulate Air (HEPA) filters that are separate from the

incinerator filtration system and discharged through a separate

40-Foot stack located at the east end of the building. A
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air will be exhausted from the building through High Energy 

Particulate Air (HEPA) filters that are separate from the 

incinerator fi ltration system and discharged through a separate 

40-foot stack located at the east end of the building. A 

13 



14

negative air pressure will be maintained in the incinerator

room and a positive pressure will be maintained in the office,

shop, and utility spaces in the incinerator building. These

spaces will be heated by the incinerator boiler air exchanger

and will be cooled by a separate air conditioning system in

addition to normal heating, ventilation, and air conditioning

systems.

The building will be connected to the plant fire detection and

protection system. This system consists of fire, smoke, and

water flow detection devices with automatic local alarming and

remote notification to the Oak Ridge Fire Department. Fire

protection will be provided by an installed sprinkler system.

Portable fire extinguishers are located throughout the facility

according to fire code requirements. Any water discharged by

the sprinkler system will be retained by the 4-inch curb on the

perimeter of the building slab. An on-site diesel generator

supplies emergency electrical power.

3.2 Proposed Incinerator - General Information

The proposed incinerator was designed by Fauholdt Engineering

Company of Denmark based on the company's Envikraft

incineration system and designated as Model No. EK98ONC. It

will be sold to SEG by Studsvic Nuclear, a Division of Studsvik

AB of Sweden. The basic incinerator is a multi-chamber,

computer controlled, centrally operated unit and is dimensioned

to incinerate 800 to 1600 pounds of combustible waste per
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hour. This wide range of waste through-put is due to the

different heating values of waste received. A liquid waste

injection system in the secondary combustion chamber will be

used to dispose of liquid materials such as waste oils at a

rate of 30 gallons per hour. The present oil burning equipment

will be removed from operation and disposed of after the

incinerator begins operation.

The incineration process is supplemented by propane auxiliary

burners that provide the necessary thermal input to combust

hard-to-burn materials, such as water soaked rags. The

incinerator will be relatively insensitive to the feed waste

stream because of the auxiliary burners. It should be noted

that the incinerator will have three burners, all being

designated in incinerator terminology as "auxiliary burners."

The primary fuel for all the burners is propane; however, the

burner in the secondary combustion chamber is also engineered

to burn waste oil.

Typical waste streams for this type of incinerator consist of

paper, cloth, wood, and rubber with a fair amount of metal

particles, glass, and plastics. The waste will have a typical

heat content ranging from 6,500 to 13,000 Btu per pound. Waste

entering the system should be reduced in volume by a factor of

about 100 dependent upon the bulk density of the incoming

waste. Ash removed from the system will be volume reduced by a

factor of 2 to 5, for an overall volume reduction of 200 to

500. The incinerator will be equipped with an energy recovery
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system, which will provide hot water for the facility and is

capable of being upgraded to deliver steam at 100 pounds per

square inch (psi). About 75 percent of the waste to be

incinerated will be from commercial nuclear power plants.

Additional waste will come from other generators including

private industries, nuclear fuel fabricators, and brokers.

The proposed system incorporates a number of safety features

including:

o negative pressure in the system to prevent the contents of

the incinerator from escaping to the surrounding environment;

o high operating temperatures and long secondary chamber

residence time to assure complete burning;

o instrumentation to provide system control and information;

o redundancy and auxiliary electrical backup of critical

components to maintain safe operation or shutdown in the

event of a system failure; and

o air pollution control systems, including parallel, redundant

HEPA filters and a liquid scrubber, to minimize environmental

impact.

3,3 Proposed Site and Vicinity

The proposed incinerator site is on SEG's CVRF facility located

in Roane County in the city of Oak Ridge on a 35-acre tract of
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land in the Clinch River Industrial Park. This industrial park

was established by the city of Oak Ridge as the preferred

location for businesses which plan to handle either radioactive

or hazardous materials. The park abuts property under the

custody and control of TVA to the south and west and property

under the custody and control of DOE on the other two sides

except for an existing road. To date there are only two other

facilities, both owned by International Technology Corporation

(IT), in the park. At opposite ends of the park are IT's waste

handling facility and its radiological laboratory. SEG is

between these two facilities.

Figure I shows the location of the CVRF in relation to DOE

facilities and the city of Oak Ridge. The site is 1 mile (1.6

kilometers) from the Oak Ridge Gaseous Diffusion Plant (ORGDP),

2 miles (about 3 kilometers) from the site of the former Clinch

River Breeder Reactor (CRBR), 4 miles (about 6 kilometers) from

Oak Ridge National Laboratory (ORNL), and approximately 11

miles (about 18 kilometers) from the center of Oak Ridge.

Access to the site is provided by two major highways, Highways

58 and 95. These highways connect to Interstate 40 at

distances of 5 and 8 miles (8 and about 13 kilometers),

respectively. Both of these highways provide very good access

to 1-40 without passing through highly populated areas.

The site is composed of parcels 1 and 2 of land designated by

TVA as Tract XWBR-688IE. These two parcels consist of timbered
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land which gently slopes toward Grassy Creek. The large

existing asphalt access and parking area, office, processing,

and storage buildings are at an elevation of 780, which is 39

feet above the normal maximum pool level for Watts Bar

Reservoir and 15 feet above the Clinch River maximum probable

flood elevation at this location. The proposed incinerator

building is to be built between the existing process building

and Bear Creek Road with a floor slab elevation of 784.2.

Figure 3 shows the existing site in more detail. The site is

surrounded by a seven-foot security fence approximately one

mile long. The entrance gate is electrically operated. The

site is serviced by city water, electric power, and a city

sewer leading to a treatment plant nearby. The plant is

largely obscured from the road by a buffer of uncleared timber

and SEG is prohibited by covenants in the grant of easement

from disturbing a habitat protection area in the vicinity of

Grassy Creek. Consequently, the aesthetic quality of the area

was preserved.

The permanent population within approximately 2 miles (3

kilometers) of the SEG site is all located in a southeast to

southwest sector and consists of less than 100 people. The

nearest potential resident is 1300 meters southwest of SEG,

just across the Clinch River, and the nearest actual resident

is 1800 meters in the same direction. See Figure 4 for an area

map of population densities.
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The DOE nuclear facilities on the reservation are the major

industries within a 10-mile (16 kilometer) radius of SEG and

employ approximately 15,000 people. SEG currently employs

approximately 140 people at the site, and it projects that 200

people could be employed by 1989. IT has proposed construction

of an Environmental Technology Development Center next to the

SEG site that is expected to directly employ up to 110 people

and will be home base for another 500 individuals who will be

the operating personnel for transportable waste treatment and

disposal technologies. IT currently employs 55 to 60 people at

this location.

3.4 Waste Acceptance Plan

All wastes shipped to SEG must comply with applicable DOT

packaging, shipping, and documentation regulations, including

all waste certifications and descriptions. The wastes accepted

for incineration at SEG include burnable dry active wastes and

liquids generated at nuclear power plants, industrial

facilities, and government facilities. Gas cylinders, and

wastes containing large amounts of nonombustibles, such as

metal, or glass are not accepted for incineration. Incidental

quantities of metal, glass, and other noncombustibles are

acceptable. If wastes with unacceptable physical character-

istics are received, they will be removed during hand sorting

operations. (See Section 3.6 and Attachment I, SEG's Radiation,

Safety Guide, for more details on the sorting process and

worker protection.)
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Since SEG is not a hazardous waste treatment, storage, or

disposal (TSD) facility, waste will not be accepted from

clients if it contains any listed or characteristic hazardous

waste, as defined by applicable regulations. Explosives,

whether or not regulated as a hazardous waste, are also not

accepted. Oil and similar burnable liquids not regulated as

hazardous waste are accepted. Certain SEG generated chemical

wastes may be incinerated according to applicable regulations.

However, at this time SEG does not generate any chemical wastes

that would be considered a candidate ?or incineration, no do

they anticipate any chemical wastes from current operations.

Any chemical wastes burned by SEG will meet all Federal and

State environmental laws and be in accordance with existing

permits, licenses, and approvals.

The radiological characteristics of waste acceptable for

incineration at SEG are mostly determined by the EPA airborne

release restrictions. To a lesser extent, these character-

istics are driven by operator exposure concerns, inventory

buildup in ash (e.g., criticality considerations), and

analytical complexity. The annual quantities and radionuclides

(daughters implicitly included) generally acceptable for

incineration at SEG are given in Table 3.4.1. These values

were derived from the waste characteristic data in Attachment G.

If all of these quantities are incinerated at SEG every year,

the EPA exposure limits will still be met. SEG does not intend
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to incinerate special nuclear material (SNM) except as

incidental quantities of much less than a few grams per year.

Therefore, criticality will not be a concern. Since hospital

wastes are excluded from the acceptance plan, the analytical

difficulties of accounting for nuclides such as P-32, S-35,

large quantities of H-3 and C-14, and other problem nuclides,

will be minimized. Relatively small quantities of H-3, C-14,

and pure beta emitters will be present in accepted wastes.

For radionuclides (other than daughters) not shown in

Table 3.4.1, SEG will establish a Maximum Acceptable Quantity

(MAQ) to be incinerated each year if that quantity is likely to

exceed a trivial amount. The trivial amount of any unlisted

radionuclide allowed to be incinerated without establishing an

MAQ is defined as that quantity which will result in an annual

calculated committed effective dose equivalent of 0.25 millirem,

or a committed organ dose equivalent of 0.75 millirem (1

percent of the NESHAPS standards). To calculate the trivial

amount of an unlisted radionuclide, SEG will perform a dose

equivalent assessment for the radionuclide. SEG will perform

this assessment, using the airdose calculation required by the

EPA NESHAP permit, with the exception that the determination

need only be performed at the previously established point of

maximum impact and that the model used may be a desk-top

computer version of AIRDOS--EPA.

If the radionuclide is expected to exceed the trivial amount,

SEG will establish an MAQ such that the NESHAPS standards are

met for the entire inventory of incinerated radionuclides.
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Prior to incinerating a new radionuclide which exceeds the
trivial amount, SEG will notify EPA, in writing, of its intent
to incinerate a radionuclide not previously included in the
application analysis. The notification will include the MAQ
established for the new radionuclide, and the estimated annual
dose resulting from incinerating this radionuclide, as well as
all others.

Table 3.4.1 Maximum Annual Incinerated Radionuclide Quantities

Radionuclide Quantity (Ci/yr)

Co-60 34.1629
Cs-137 14.6029
Co-58 12.5014
Cs-134 4.8108
1-131 0.0165
Mn-54 5.0769
Cr-51 1.6332
Ru.-103 0.0362
Sb-125 0.2929
Nb-95 1.3870
Zr-95 0.9413
Ru-106 0.0089
Fe-59 0,7467
Ce-141 0.0021
Ce-144 0.0368
Sr-90 0.1001
Ni-63 4.8393
Fe-55 47,2951
Pu-241 0.0511
Co-57 0.0377
Ag-110H 0.0110
Sn-113 0.0017
Sc-90 0,0023
Sr-89 0.0572
H-3 2.5875
C-14 0.1431
Tc-99 0.5306
1-129 0.0225
U-238 2.0000

Prior to shipping waste to SEG, the client will characterize

the waste physically, chemically, and radiologically. Know-

ledge of how the waste was produced may be used to determine

characteristics. As appropriate, laboratory analyses may also

be required. SEG will review this data, determine if the waste

is acceptable for incineration, and possibly assist the client

in shipping. When the previously approved waste is received at
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SEG, SEG will review the shipment documentation for acceptabil-

ity, physically inspect for compliance with shipping regula-

tions, and do a radiological survey on the shipment. Prior to

incineration, the waste will be opened and sorted to inspect

for, and remove, any undesirable materials such as

noncombustibles, hazardous or dangerous items, and anything

else that should not be incinerated. If the stated physical,

radiological, or chemical composition of a waste becomes

doubtful during sorting, appropriate analyses and

determinations will be done, and the unacceptable material

removed for alternate disposal in accordance with SEG's

existing RML. (See Section 3.4, Waste Acceptance Plan for more

information on alternate disposal.).

Waste received from nuclear power plants is shipped with the

weight and radionuclide content specified for each package.

SEG and the NRC require the waste generators to have typical

samples of their waste streams analyzed each two years or when

the radionuclide distribution is believed to have changed. The

analysis performed on the waste develops scaling factors which

when used with contact radiation readings on the outer surface

of the packages can be used to predict the amount of activity

associated with each radionuclide. (SEG customers are required

by NRC regulations to develop and evaluate scaling factors on a

prescribed basis if the waste generator has more than one

radionuclide. In general, SEG accepts the customer supplied

scaling factor since they are generally done by independent

labs.) Waste from other generators will be handled in a
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similar manner. When SEG receives the waste, they will verify

the package radiation readings and package weight for 100

percent of the incoming packages of waste for burning. After

the waste is sorted and the burnable waste packaged in waste

containers designed for the incinerator, the dose of these

containers will be measured and compared with the doses

expected from the waste analysis provided by the customer. If

there is good agreement, the waste will be burned. If the SEG

reading does not correlate with the customer provided analysis,

SEG will assign the correct value to the waste prior to burning.

SEG will also verify the composition of the radioactive

material burned by sampling ash removed from the incinerator,

analyzing the stack gases, and back calculating the amount of

activity that would have been contained in the waste. The back

calculation method should be an accurate way of verifying the

actual radionuclide content of the incoming waste. SEG will

maintain a record of all radioactive material received. The

record will include at least: date shipped and received,

radionuclides and quantities in shipment, verification and

comparison of results, if conducted, and date of incineration.

SEG will also keep records of the cumulative quantities of

radionuclides charged to the incinerator and records of the

radionuclide content in disposed ash.
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these container systems will not be loaded, unloaded, or

shifted en route. The double containment system used for

shipping shall also be used for storage at SEG. These systems

are expected to consist of sealed 55-gallon metal drums packed

inside sealed metal containers of approximately 100 cubic feet

(B-25 containers) or sealed 55-gallon metal drums packed inside

Sealand Containers (these are larger metal boxes which open

from the side and have a separate additional metal containment

pan). The container systems will then be offloaded with fork-

lifts and stored on the asphalt parking area adjacent to the

process building and later transported by forklift to the

storage building or the process building. No container system

shall be opened until it is within the storage or process

building which have diked areas protected from rainwater.

Noncontaminated blending fuel will be stored outside the

process building in a steel fuel tank surround by a dike to

prevent the escape of the fuel in the event of a storage tank

failure. SEG will be required, as a condition of TVA's

approval, to ship and receive oil in these container systems

until and unless SEG submits an adequate spill prevention

control and countermeasure plan (SPCC) and obtains additional

TVA approval for the alternate transportation proposal.

Waste oil will be prepared in several steps for burning,

First, it will be analyzed and then pumped from the primary

containment system (usually drums) into an oil processing tank

located in the decontamination room of the existing process

building. The waste oil will be analyzed in accordance with
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storage building or the process building. No container system 

shall be opened until it is within the storage or process 

building which have diked areas protected from rainwater. 

Noncontaminated blending fuel will be stored outside the 

process building in a steel fuel tank surround by a dike to 
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SEG's existing oil burning procedure (see Attachment J) for

viscosity, flammability, solids and water content, and

radionuclide content. The waste oil in the processing tank

will be filtered; water will be removed; and blending fuel will

be added to assure that the prepared fuel will meet burner

specification. Filter elements and sludges will be disposed of

as radioactive waste in accordance with the Radioactive

Material License. The used primary containment system will

then be rinsed with kerosene at this location and the rinse

added to the oil processing tank. These used containers may

then be packed with other low level radioactive waste but in

any case they will not be used for liquids and they will not

leave the SEG facility except as radioactive waste processed in

accordance with the radioactive material license.

Prepared fuel will be pumped through double-wall pipe to a

holding tank located outside the process building in the same

diked area as the blending fuel. Fuel will be piped from the

prepared fuel tank to the incinerator using double-wall pipe.

Double containment will be maintained throughout the

fuel-handling process.

All fuel-handling facilities shall be installed to meet the

requirements of the city of Oak Ridge Fire Department and the

American Nuclear Insurance Company (which insures SEG).

Waste oil received from waste generators will be entered into

the SEG waste tracking 'system and will be fully accounted for

SEG's existing oil burning procedure (see Attachment J) for 
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radionuclide content. The waste oil in the processing tank 
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Prepared fuel will be pumped through double-wall pipe to a 

holoing tank located outside the process building in the same 

diked area as the blending fuel. Fuel will be piped from the 
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throughout the project. SEG will be required, as a condition

of TVA's approval, to refuse receipt of any oils or other

liquids contaminated with listed hazardous wastes or which have

hazardous waste characteristics such that the oils or liquids

would be regulated as hazardous wastes under Tennessee

hazardous waste regulations or the Resource Conservation and

Recovery Act. SEG will also be required to refuse receipt of

any oils or liquids containing any detectable levels of

polychlorinated biphenyls (PCBs) (i.e., 2 ppm PCBs or

greater). (See Section 3.4, Waste Acceptance Plan, for waste

verification information.)

Radioactive particles that may be carried over with flue gases

are effectively filtered before the system is vented to the

environment. The filtering is accomplished by cooling the flue

gases in the boiler and then passing the gases through a

baghouse, a HEPA filter bank, and a wet scrubber. The cooling

process is accomplished in an energy recovery system, whereby

hot water or steam may be produced. Initial plans are to

operate the boiler in a hot water mode.

3.6 Sort and Feed Operation

SEG has stated that only hand sorted waste will be packaged for

incineration. Waste will be sorted in the existing main

process building near the present shredder system. The sorting

facility is illustrated in Figure 10 and 11 and will replace

throughout the project. SEG will be required, as a condition 

of TVA's approval, to refuse receipt of any oils or other 

liquids contaminated with listed hazardous wastes or which have 

hazardous waste characteristics such that the oils or liquids 

would be regulated as hazardous wastes under Tennessee 
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Recovery Act. SEG will also be required to refuse receipt of 

any oils or liquids containing any detectable levels of 

polychlorinated biphenyls (PCBs) (i.e., 2 ppm PCBs or 

greater). (See Section 3.4, Waste Acceptance Plan, for waste 
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incineration. Waste will be sorted in the existing main 

process building near the present shredder system. The sorting 

facility is illustrated in Figure 10 and 11 and will replace 
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SEG's current sorting system. Waste received inboxes or

"sealand containers" will be introduced into the vibratory

hopper and fed in at a controlled rate from the hopper to the

sorting wheel. Waste processing technicians will sort the waste

into the following categories:

1. Burnable waste: This category of waste will include wood,

plastic, paper, cloth, absorbed liquids, and animal carcases.

Wastes which are not acceptable for burning will be

eliminated from this class of waste. For example, plastic

materials containing polyvinyl chloride (PVC) will be reduced

to less than 5 percent,

Waste generators will be required to limit the amounts of PVC

shipped to SEG for incineration. SEG's acceptance criteria

will specify that the incoming waste have a PVC content of

less than five percent by weight. In addition, SEG will

require the waste generators to procure PVC in a specific

color for easy identification in its sorting process. SEG

plans to monitor the procurement of PVC materials by its

customers to assure the lowest possible PVC content in the

waste. Compliance with SEG's acceptance criteria will be

measured by the amount of sodium hydroxide consumed in the

scrubber during the incineration of a particular customers

waste. Customers with out-of-specification waste will be

required to pay higher processing and disposal costs because

SEG will only compact their out-of-specification waste.

Customers with significant out-of-specification waste will be

banned from the incinerator until they demonstrate compliance

with SEG's PVC acceptance specification.

SEG's current sorting system. Waste received in boxes or 

"sealand containers" will be introduced into the vibratory 

hopper and fed in at a controlled rate from the hopper to the 

sorting wheel. Waste processing technicians will sort the waste 

into the following categories: 

1. Burnable waste: This category of waste will include wood, 

plastic, paper, cloth, absorbed liquids, and animal carcases. 

Wastes which are not acceptable for burning will be 

eliminated from this class of waste. For example, plastic 

materials containing polyvinyl chloride (PVC) will be reduced 

to less than 5 percent. 

Waste generators will be required to limit the amounts of PVC 

shipped to SEG for incineration. SEG's acceptance criteria 

wi 11 specify that the incoming waste have a PVC content of 

less than five percent by weight. In addition, SEG will 

require the waste generators to procure PVC in a specific 

color for easy identification in its sorting process. SEG 

plans to monitor the procurement of PVC materials by its 

customers to assure the lowest possible PVC content in the 

waste. Compliance with SEG's acceptance criteria will be 

measured by the amount of sodium hydroxide consumed in the 

scrubber during the incineration of a particular cust~mers 

waste. Customers with out-oF-specification waste will be 

required to pay higher processing and disposal costs because 

SEG will only compact their out-of-specification waste. 

Customers with significant out-oF-specification waste will be 

banned from the incinerator until they demonstrate compliance 

with SEG's PVC acceptance specification. 
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2. Waste for shredding: This category of waste includes waste

that will be shredded prior to compaction. The primary

reason for shredding will be to size reduce the waste to fit

SEG's compactable boxes.

3. Waste for decontamination and release: This category of

waste includes waste which can be decontaminated and

released. Typical materials will include metals, some wood,

or other materials which are lightly contaminated. SEG's

original license and present license allows for the

decontamination and release of any materials which have

contamination levels below the values specified in that

license. Normally, SEG only decontaminates and releases

valuable equipment or metal which has a high value and which

has a geometry that allows for complete and careful surveys.

No material is decontamined or released which does not have a

geometry that allows assurance that the decontaminated

material is free of contamination.

4. Unallowable waste: This category of waste includes material

that cannot be accepted at the burial site in its present

condition. Waste in this category must be treated to make it

acceptable for burial. For example, lead shielding would be

removed from the waste to comply with the ban on burying lead

sheet.

2. Waste for shredding: This category of waste includes waste 

that will be shredded prior to compaction. The primary 

reason for shredding will be to size reduce the waste to fit 

SEG's compactable boxes. 

3. Waste for decontamination and release: This category of 

waste includes waste which can be decontaminated and 

released. Typical materials will include metals, some wood, 

or other materials which are lightly contaminated. SEG's 

original license and present license allows for the 

decontamination and release of any materials which have 

contamination levels below the values specified in that 

license. Normally, SEG only decontaminates and releases 

valuable equipment or metal which has a high value and which 

has a geometry that allows for complete and careful surveys. 

No material is decontamined or released which does not have a 

geometry that allows assurance that the decontaminated 

material is free of contamination. 

4. Unallowable waste: This category of waste includes material 

that cannot be accepted at the burial site in its present 

condition. Waste in this category must be treated to make it 

acceptable for burial. For example, lead shielding would be 

removed from the waste to comply with the ban on burying lead 

sheet. 
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Waste may also be sorted by radionuclide concentration,

particularly where 1-129 and Tc-99 are present. SEG states that

wastes which contain high concentrations or other radionuclides

(such as H-3 and C-14) that could cause releases to exceed

release limits will not be burned. This means that a majority

of the medical and research waste now being processed by SEG

will not be burned in the incinerator. Waste of this type will

continue to be compacted and buried as the preferred method of

disposal in accordance with SEG's existing radiological material

license (not a part of this assessment).

After the waste is sorted, the burnable fraction will be

packaged in wheeled containers that hold 50 cubic feet (about

300 pounds) of waste.

The incinerator system is equipped with a magazine capable of

accepting 22 wheeled containers. This number of containers

approximates the amount of waste that can be processed in an

eight-hour shift. Waste is delivered to the incinerator

automatically as the control system determines when new waste

can optimally be fed to the primary combustion chamber. The

waste feed system is shown in Figure 12.

A container placed in the container magazine will approach-the

incinerator on a chain conveyor until the container arrives at

the sluice charging trolley, where it is automatically

attached. When the incinerator is ready for charging, the

container rides up the vertically inclined trolley to the waste
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charging sluice. This charging cycle will be repeated between 3

and 5 times per hour, depending upon the heat content and bulk

density of the waste.

The waste container trolley consists of a vertical rail system

constructed of heavy channel steel. Waste containers are auto-

matically connected to the hoisting mechanism, which is

constructed of heavy steel and equipped with travelling and

guiding wheels that run in the rail channels. When the waste

container arrives at the top of the rail system, the container

is rotated to a near-vertical position over the waste feed

sluice. When the container is in position, the waste falls into

the waste feeding sluice. When the waste container has emptied,

the upper waste charging sluice door closes.

The empty waste container rides back down the trolley and is

taken to a position in the container magazine assigned for empty

containers. The next container filled with waste is

automatically aligned with the trolley to await the next

charging. Malfunction of the waste charging system provides a

warning to the operator and waste feed movement automatically

ceases.

The automatic vertical waste feeding sluice is constructed with

electrically operated sliding doors at the top and bottom of the

sluice. The top door is constructed of heavy steel with a

gasket to assure complete tightness when the door is closed, and

has a cross sectional area of 59- by 59-inches. This area is

charging sluice. This charging cycle will be repeated between 3 

and'5 times per hour. depending upon the heat content and bulk 

density of the waste. 

The waste container trolley consists of a vertical rail system 

constructed of heavy channel steel. Waste containers are auto

matically connected to the hoisting mechanism, which is 

constructed of heavy steel and equipped with travelling and 

guiding wheels that run in the rail channels. When the waste 
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is rotated to a near-vertical position over the waste feed 

sluice. When the container is in position, the waste falls into 

the waste feeding sluice. When the waste container has emptied, 
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The empty waste container rides back down the trolley and is 
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containers. The next container filled with waste is 
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slightly smaller than the cross-sectional area of the sluice to

prevent waste catching on the interface between the sluice door

and the sluice itself. Waste entering the sluice falls by

gravity onto a set of liquid cooled sluice flaps positioned

above the bottom sluice door. The liquid cooled sluice flaps

are placed above the lower sluice door to prevent waste in the

sluice from becoming overheated and, for example, allowing

materials with a low melting point, such as plastics, to

disintegrate and cling to sections of the sluice. The waste

flaps are made of heavy steel with high temperature insulation

on the side facing the combustion chamber. The sluice chamber

is constructed of 8 gauge steel plate and has a volume of 62

cubic feet (in comparison to 50 cubic feet of waste in the

containers),

The waste feeding sluice bottom door is constructed of heavy

steel and has an integral liquid cooling system. The door moves

in and out of a box-shaped feeding door chamber. The feeding

door chamber, on which the sluice chamber is resting, has

horizontal and vertical removable steel covers for service and

inspection. The chamber is fabricated with high temperature

insulation and houses the rails, mechanical driving equipment

for the door, and the movable feeding door when it is opened. A

special ceramic packing provides tight sealing between the

incinerator and the sluice door.

Sluice chamber maneuvering is controlled through the logic

control system, which receives input signals from electronic

temperature controllers, electronic timers, relays, and motor
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overload switches, The feeding door is normally moved by a

pneumatic actuator. If the air supply fails, the door may be

operated by an emergency compressed air supply. In case the

pneumatic system fails, the door can be closed with a manual

hand crank.

When the logic control system determines the primary chamber is

ready for a new charge of waste, the lower sluice door opens

fully and the sluice flaps rotate downward to allow the waste'to

fall by gravity into the chamber. The sluice flaps then return

to the original horizontal position by rotating upward and

locking into position. The lower sluice door closes, and a fan

is actuated to exhaust flue gases from the sealed sluice

compartment to the secondary combustion chamber. This feature

eliminates flue gases from escaping to the environment during

the next cyclic operation of the top sluice door. The sluice

doors are interlocked through the logic control system to

prevent both sluice doors from being open at the same time.

3.7 Combustion System

The combustion system (Figure 13) consists of two chambers; the

primary combustion chamber and the secondary chamber. Waste

falls into the primary combustion chamber 3 to 5 times per hour,

which operates in a temperature range of 1,290 to 1,650 degrees

Fahrenheit. The waste is burned in the first half of the

primary combustion chamber under oxygen starved conditions to

convert the waste into combustible gases and water vapor. The

overload switches. The feeding door is normally moved by a 

pneumatic actuator. If the air supply fails, the door may be 

operated by an emergency compressed air supply. In case the 

pneumatic system fails, the door can be closed with a manual 

hand crank. 
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gases from the combustion process are transferred to the

secondary combustion chamber for complete burning. The ash is

transported from the first section of the primary chamber to the

second section of the primary chamber where the oxygen content

is increased to burn out the ash to the maximum extent possible.

From the time the waste is dumped into the primary chamber until

it reaches the ash discharge port is approximately 24 hours.

Gases travel to the secondary chamber in approximately one (1)

second. The primary chamber is equipped with an auxiliary

propane burner. The burner is automatically activated if the

chamber temperature falls below the preset nominal limit of

1,290 degrees Fahrenheit. Combustion air entering the primary

chamber is controlled by the logic control system, through

temperature, oxygen, carbon monoxide, and flue gas opacity

monitors. The combustion air supply is approximately 3,600

standard cubic feet per minute (SCFM). A redundant combustion

air fan is provided, which will automatically activate if the

primary fan fails.

The primary combustion chamber is completely lined with high

tomperature refractory material such as castables, plastic

rammings, and brick. An insulated lining is provided between

the refractory lining and the incinerator shell, and is made

with insulation blocks, ceramic felt, and mineral wool. The

temperature on the outside surface of the incinerator shell

remains at approximately 125 degrees Fahrenheit after the

incinerator has been operating for long periods.
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The chamber floor is of solid construction to prevent unburned

material from escaping complete combustion. This feature is

opposed to typical incineration systems which use floor grates

to provide passage for combustion air.

The proprietary waste stirring and ash transport devices have a

cooling fan, which forces air through the devices to maintain

controlled environmental service conditions. A redundant

cooling air fan automatically activates if the primary fan

fails. The chamber is instrumented to continuously record air

pressure. Temperature is monitored by redundant thermocouples.

A switch on the main control panel allows the operator to

compare signals and determine if malfunction has occurred.

Thermocouple replacement can be easily accomplished while the

incinerator is in service. Flow instrumentation is provided for

cooling air to the ash transport system and for combustion air.

Flue gases and water vapor flow from the primary combustion

chamber to the secondary combustion chamber. The secondary

combustion chamber is operated under excess oxygen conditions in

the temperature range of 1,830 to 2,200 degrees Fahrenheit.

The secondary combustion chamber is very large compared to

typical incinerators, and is sized to achieve a flue gas

retention time of 3 full seconds to assure complete combustion

of even hazardous wastes if they accidentally get into the

system. The secondary combustion chamber is also equipped with

a flammable solution injection system for the incineration of

The chamber floor is of solid construction to prevent unburned 

material from escaping complete combustion. This feature is 

opposed to typical incineration systems which use floor grates 

to provide passage for combustion air. 

The proprietary waste stirring and ash transport devices have a 

cooling fan, which forces air through the devices to maintain 

controlled environmental service conditions. A redundant 

cooling air fan automatically activates if the primary fan 

fails. The chamber is instrumented to continuously record air 

pressure. Temperature is monitored by redundant thermocouples. 

A switch on the main control panel allows the operator to 

compare signals and determine if malfunction has occurred. 

Thermocouple replacement can be easily accomplished while the 

incinerator is in service. Flow instrumentation is provided for 

cooling air to the ash transport system and for combustion air. 

Flue gases and water vapor flow from the primary combustion 

chamber to the secondary combustion chamber. The secondary 

combustion chamber is operated under excess oxygen conditions in 

the temperature range of 1,830 to 2,200 degrees Fahrenheit. 

The secondary combustion chamber is very large compared to 

typical incinerators, and is sized to achieve a flue gas 

retention time of 3 full seconds to assure complete combustion 

of even hazardous wastes if they accidentally get into the 

system. The secondary combustion chamber is also equipped with 

a flammable solution injection system for the incineration of 
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flammable liquid materials. Flammable waste, such as turbine

oil, can be charged into the propane burner situated in the

floor of the chamber. This system is rated at 30 gallons per

hour maximum. The chamber is lined with refractory material

similar to the primary combustion chamber.

The upper section of the secondary combustion chamber has

instrumentation to monitor temperature, pressure, oxygen

content, and carbon dioxide content. Redundant thermocouples

provide temperature indications. Readings may be compared at

the main control panel to determine failures.. Easy access is

provided for changing the thermocouples while the incinerator is

operating.

The incinerator is equipped with a pressure relief door to

relieve sudden over-pressure caused by accidental transients

within the incinerator accompanied by a pressure shock-wave.

Gases which escape the incinerator during an overpressure

transient will be trapped in the incinerator building and then

be removed by the building HEPA filter exhaust system, The

pressure relief door is positioned on top of the secondary

combustion chamber. The door has high temperature ceramic seals

to withstand the temperatures in the secondary combustion

chamber. The door is held in a closed position by a calibrated,

constant-pressure spring. In case of an over-pressure

transient, the door will open to reduce the pressure and close

immediately after the transient has ceased. (See Section 5.1

for a more detailed discussion of this postulated accident.)
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transient, the door will open to reduce the pressure and close 

immediately after the transient has ceased. (See Section 5.1 

for a more detailed discussion of this postulated accident.) 
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3.8 Ash Handling System

The sealed ash discharge system (Figure 14) consists of an ash

transporter and an ash sluice system in the primary combustion

chamber of the incinerator. The ash sluice has upper and lower

sluice doors which are provided with interlocks to prevent

accidental opening of both doors simultaneously. The upper

sluice door opens to allow ash from the primary combustion

chamber to fall into an air-cooled chamber normally sealed by

the two sluice doors. When the ash has cooled sufficiently, as

determined by thermocouple instrumentation, the lower sluice

door can be opened to allow ash to fall into a container. The

ash discharge system is of heavy steel plate construction with

steel reinforcements. A sealing system is provided between the

ash discharge system and containers. One ash container will

accommodate three shifts of operation.

The ash discharge area will consist of a separate enclosure

designed to protect against any ash escape. This enclosure will

be operated at negative pressure with respect to the incinerator

building and vented to the incinerator building ventilation

system. Waste enters the incinerator at a rate of 800 to 1,600

pounds per hour. Ash is discharged at a rate of approximately

50 to 90 pounds per hour, or 1 to 2 cubic feet per hour. The

bulk of ash produced in the incinerator is discharged from the

ash hopper. For every 100 ash containers filled from the ash

hopper, 1 to 2 ash containers will be filled from the baghouse

filter.
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An estimate of the activity balance of the incinerator is shown

in the following table. Activity does not exactly balance due

to round off. Activity varies according to particle size.

Table for Activity Balance

Incoming waste 913 pounds/hour 12.2 milliCi/hour

Ash discharge 55 pounds/hour 11.6 milliCi/hour

Boiler ash trap 0.04 pounds/hour 5.1 microCi/hour

Baghouse filter 2.6 pounds/hour 0.36 milliCi/hour

HEPA filter

and scrubber 0.11 pounds/hour 15.4 microCi/hour

3.9 Heat Recovery System

Flue gases exhaust from the secondary combustion chamber at a

rate of about 5,000 SCFM, and enter a vertical three-pass

pressure steam boiler, The boiler is capable of providing

8,500 pounds per hour of 100 pounds per square inch - gauge

(psig) steam, while reducing the flue gas temperature from a

maximum of 2,200 degrees Fahrenheit to approximately 360

degrees Fahrenheit. For initial operation, however, the steam

boiler will be operated as a hot water heater only by elimi-

nating the steam chest. The steam chest can be added at some

future date to upgrade the system (see Figure 15). The boiler

is fabricated from carbon steel. Manholes on top of the boiler

facilitate inspection and cleaning. The waste recovery system

will be used to heat the incinerator building and the existing

process building (see Figure 16).

An estimate of the activity balance of the incinerator is shown 

in the following table. Activity does not exactly balance due 

to round off. Activity varies according to particle size. 
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degrees Fahrenheit. For initial operation, however, the steam 
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3.10 Flue Gas Handling System

The cooled flue gases exit the boiler arrangement and enter a

baghouse filter. See Figure 17. The bag filter unit consists

of a clean flue gas chamber, a filter body chamber, and a dust

hopper. The bag filter unit is constructed of heavy gauge mild

steel, with all joints welded. The filter system contains

distribution piping for compressed air, a compressed air tank,

and compressed air valves to provided air pulses to clean the

tubular fabric bags. Compressed air is used to blow collected

dust from the filter bags. The air pulses occur from as often

as 1 per second to intervals of several minutes. The pulse

rate is controlled by the logic system, and is a function of

the pressure drop between the baghouse inlet and outlet. The

bags used are guaranteed to provide flue gas quality downstream

of the baghouse of 0.0025 grains or less of particulate matter

per standard cubic foot. This air quality compares with an

input flue gas quality of 0.009 to 0.026 grains particulate

matter per standard cubic foot. A grain is equal to 1/7000 of

a pound. This is an efficiency of up to 90 percent for the

baghouse alone. If temperatures exceed approximately 440

degrees Fahrenheit, a cooling air intake will automatically

open and provide sufficient cooling air to prevent damage to

the baghouse filters.

The baghouse filter system contains a clean flue gas chamber

constructed of heavy gauge mild steel with all joints welded.

The filter bag sleeves are drawn over a basket arrangement,

3.10 Flue Gas Handling System 
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baghouse filter. See Figure 17. The bag filter unit consists 

of a clean flue gas chamber, a filter body chamber, and a dust 
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baghouse alone. If temperatures exceed approximately 440 
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open and provide sufficient cooling air to prevent damage to 

the baghouse filters. 

The baghouse filter system contains a clean flue gas chamber 

constructed of heavy gauge mild steel with all joints welded. 

The filter bag sleeves are drawn over a basket arrangement, 
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which provides the necessary support to maintain a tubular

shape. The filter bags are approximately 6 inches in diameter

and 6 feet long. There are 256 vertically mounted bags. The

filter body chamber contains the filter bags, which are

suspended from the clean flue gas chamber. The chamber is

insulated on the outside with 3-inch mineral wool covered by 22

gauge sheet metal. The chamber is provided with inspection and

access doors.

Material in the baghouse filter consists of GORE-TEX

1 2proprietary membrane laminated to Nomex , glass, etc., as

specified by the supplier for a specific environmental service.

1

A product of W. L. Gore & Associates,

Ltd., Scotland. Plants and offices

are also in Scandanavia, West Germany,

France, Australia, Japan, and the U.S.

2A DuPont registered trademark.

The lifetime of a set of bags is approximately two years. To

avoid non-scheduled downtime, SEG plans that the bags will be

changed during the annual planned outage or approximately once

a year. Normal downtime for a bag change is approximately 56

hours which includes 48 hours for system cool-down and 8 hours

for the actual bag change.

The cone-shaped dust hopper is made of welded heavy gauge mild

steel. A damper in the bottom transfers collected dust to an

ash container through a sealed system.

which pro~ides the necessary support to maintain a tubular 
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and 6 feet long. There are 256 vertically mounted bags. The 
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avoid non-scheduled downtime, SEG plans that the bags will be 

changed during the annual planned outage or approximately once 

a year. Normal downtime for a bag change is approximately 56 

hours which includes 48 hours for system cool-down and 8 hours 

for the actual bag change. 

The cone-shaped dust hopper is made of welded heavy gauge mild 

steel. A damper in the bottom transfers collected dust to an 

ash container through a sealed system. 
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Flue gases exhaust from the baghouse filter and enter a HEPA

filter bank. The filter banks have prefilters to extend HEPA

filter life. Two parallel and independent filter banks have

been provided, which allows one bank to be shut down and

serviced if excessive pressure drop is registered for the

in-service filter bank.

Particulate matter passing the HEPA filter will not exceed 4 x

10-6 grains per standard cubic foot. The Aerodynamic Mean

Average Diameter (AMAD) of the particulate exiting the bag

filter is in the range of 3 to 4 microns. This is based on

measurements taken on 5 different days using an Anderson 2000

Inc., MK 3 High Capacity Stack Sampler. This is an 8 stage

cascade impactor dividing particles in 8 sizes between 20 to

0.5 microns.

The HEPA filters have a penetration (P) value as follows:

0.25 to 0.3 microns P = 0.03%

greater than 0.3 microns P < 0.03%

less than 0.3 microns P < 0,03%

HEPA filters used in the nuclear industry are rated to remove

99.97% of the particles having an average diameter of 0.3

microns. SEG currently uses this type of filter as the last

stage in filtering 30,000 cubic feet or air from its present

plant.

Flue gases exhaust from the baghouse filter and enter a HEPA 

filter bank. The filter banks have prefilters to extend HEPA 

filter life. Two parallel and independent filter banks have 

been provided, which allows one bank to be shut down and 

serviced if excessive pressure drop is registered for the 

in-service filter bank. 

Particulate matter passing the HEPA filter will not exceed 4 x 

---6 
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filter is in the range of 3 to 4 microns. This is based on 
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Inc., MK 3 High Capacity Stack Sampler. This is an 8 stage 

cascade impactor dividing particles in 8 sizes between 20 to 
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The HEPA filters have a penetration (P) value as follows: 

0.25 to 0.3 microns P = 0.03% 

greater than 0.3 microns P < 0.03% 

less than 0.3 microns P < 0,03% 

HEPA filters used in the nuclear industry are rated to remove 

99.97% of the particles having an average diameter of 0.3 

microns. SEG currently uses this type of filter as the last 

stage in filtering 30,000 cubic feet or air from its present 

plant. 
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If temperatures exceed approximately 440 degrees Fahrenheit, a

cooling air intake will automatically open and provide

sufficient cooling air to prevent damage to the HEPA filter.

The HEPA filters can be exposed to temperatures up to 440

degrees Fahrenheit without being damaged. However, SEG expects

the normal temperature of the air passing through the HEPA

filters to be 360 degrees Fahrenheit. Excess temperature in

either the baghouse filter or HEPA filters will produce alarm

signals in the control room and may initiate automatic

incinerator system shut down.

Gases exiting the HEPA filter enter a wet-gas scrubber system

which consists of a quencher and a packed tower. The flue gas

enters the quencher at a temperature of 360 to 430 degrees

Fahrenheit where gases are reduced to about 200 degrees

Fahrenheit, and pass through a caustic solution in a packed

tower. SEG has estimated the effectiveness to be approximately

90 percent for removing HCl and 60 to 70 percent for removing

Following scrubbing, gases as passed to a reheater where the

gas is heated to a minimum temperature of approximately 360

degrees Fahrenheit before exiting through the 98-foot high

stack. (See Section 5.1 for a discussion of emissions.)

3.11 Monitoring and Control Systems

The incinerator is controlled from a central console system in

a closed room, with a window viewing the waste charging system.

If temperatures exceed approximately 440 degrees Fahrenheit, a 

cooling air intake will automatically open and provide 

sufficient cooling air to pre~ent damage to the HEPA filter. 

The HEPA filters can be exposed to temperatures up to 440 

degrees Fahrenheit without being damaged. However, SEG expects 

the normal temperature of the air passing through the HEPA 

filters to be 360 degrees Fahrenheit. Excess temperature in 

either the baghouse filter or HEPA filters will produce alarm 

signals in the control room and may initiate automatic 
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Gases exiting the HEPA filter enter a wet-gas scrubber system 

which consists of a quencher and a packed tower. The flue gas 

enters the quencher at a temperature of 360 to 430 degrees 

Fahrenheit where gases are reduced to about 200 degroes 

Fahrenheit, and pass through a caustic solution in a packed 

tower. SEG has estimated the effectiveness to be approximately 
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Following scrubbing, gases as passed to a reheater where the 

gas is heated to a minimum temperature of approximately 360 

degrees Fahrenheit before exiting through the 98-foot high 

stack. (See Section 5.1 for a discussion of ~missions.) 

3.11 Monitoring and Control Systems 

The incinerator is controlled from a central console system in 

a closed room, with a window viewing the waste charging system. 
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The console provides a graphic description of the incinerator

system. Lamps indicate the operating status of pumps, fans,

waste charging system, primary combustion chamber status,

auxiliary burners, equipment, and processes of critical

importance to normal operation. Figure 18 outlines the

incinerator logic flow.

Visual and audible alarms provide indication of the following

conditions:

o inadequate negative pressure in the primary combustion

chamber;

o high CO content and out-of-limit opacity in the flue gas

stream;

o high temperatures throughout the system;

o motor and flame controller failure.

Other parameters are continuously recorded. These parameters

include:

o primary and secondary combustion chamber temperatures;

o temperatures upstream of the baghouse and HEPA filter banks;

o flue gas opacity;

The console provides a graphic description of the incinerator 

system. Lamps indicate the operating status of pumps, fans, 

waste charging system, primary combustion chamber status, 

auxiliary burners, equipment, and processes of critical 

importance to normal operation. Figure 18 outlines the 

incinerator logic flow. 

Visual and audible alarms provide indication of the following 

conditions: 

o inadequate negative pressure in the primary combustion 

chamber; 

o high CO content and out-of-limit opacity in the flue gas 

stream; 

o high temperatures throughout the system; 

o motor and flame controller failure. 

Other parameters are continuously recorded. These parameters 

include: 

o primary and secondary combustion chamber temperatures; 

o temperatures upstream of the baghouse and HEPA filter banks; 

o flue gas opacity; 
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o primary combustion chamber pressure;

o secondary combustion chamber oxygen and carbon dioxide.

Temperatures in the primary and secondary combustion chmabers

are measured with redundant thermocouples that can be switched

at the control console if failure of either thermocouple is

indicated. Thermocouple replacement can be performed while the

incinerator is in service. Combustion air fans, cooling air

fans, induced draft fans, pressure indicators, level

indicators, and flue gas quality monitoring devices are

duplicated, and are automatically switched over by the logic

control system. The operator is provided with a warning when

switching occurs.

All important process parameters, such as temperatures,

pressures, are programmed into the logic control system to

prevent unauthorized personnel from adjusting critical process

parameters. The operator is allowed to maneuver waste

containers and to monitor the system from the control console.

SEG states that if abnormal conditions arise, the operator

should be able to easily determine the problem and take

remedial action.

Certain abnormalities will initiate emergency shut down. These

include:

o High temperature in the primary combustion chamber

o primary combustion chamber pressure; 

o secondary combustion chamber oxygen and carbon dioxide. 

Temperatures in the primary and secondary combustion chmabers 
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at the control console if failure of either thermocouple is 

indicated. Thermocouple replacement can be performed while the 
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fans, induced draft fans, pressure indicators, level 
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pressures, are programmed into the logic control system to 

prevent unauthorized personnel from adjusting critical process 
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contain~rs and to monitor the system from the control console. 

SEG states that if abnormal conditions arise, the oper'ator 

should be able to easily determine the problem and take 

remedial action. 

Certain abnormalities will initiate emergency shut down. These 

include: 

o High temperature in the primary combustion chamber 
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o High temperature in the secondary burning chamber

o Positive pressure in the primary combustion chamber

o Malfunction of the feeding sluice

o Abnormal temperature upstream of the baghouse filter

o Abnormal temperature upstream of the HEPA filter

o Malfunction of the secondary burner

o Malfunction of the boiler

Emergency shutdown causes the following actions:

o Feeding sluice closes

o Shut down of all burners

o Shut down of combustion air fans

o Water spray injected into primary chamber until temperature

in the incinerator is less than 400 degrees Fahrenheit

o HEPA filter bypass opens
I

o High temperature in the secondary burning chamber 

o positive pressure in the pr'imary combustion chamber 

o Malfunction of the feeding sluice 

o Abnormal temperature upstream of the baghouse filter 

o Abnormal temperature upstream of the HEPA filter 
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o Draft control system maintains negative pressure in

incinerator

A draft control system with backup will automatically maintain

and control the negative pressure of the incineration process.

This automatic system controls the negative pressure by

modulating an iris-type damper in the suction inlet of the Flue

gas fan.

A water tank above the incinerator spray system will provide an

emergency supply of gravity fed water in case of water main

failure.

Water is sprayed into the incinerator in over-temperature

situations at a rate of 0.2 gallons per minute for a total of

50 gallons or until the combustion chamber temperature falls

below 400 degrees Fahrenheit. The water spray will create

superheated steam that would blind or saturate the HEPA filters

if they were not bypassed.

The HEPA filter bypass has been engineered to assure that SEG

can maintain negative air pressure inside the incinerator

during emergency shutdown procedures. If the filters were not

bypassed during the four minute emergency cool-down period, the

filters would be blinded by steam vapors which would cause SEG

to loose control of the negative air pressure inside the

incinerator. The environment is still protected from

significant radionuclide release since the non-filtered exhaust
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The HEPA filter bypass has been engineered to assure that SEG 

can maintain negative air pressure inside the incinerator 

during emergency shutdown procedures. If the filters were not 

bypassed during the four minute emergency cool-down period, the 
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gases will still pass through the wet-scrubber before final

release. (See Section 5.1, Air Quality, for details of this

accident condition including projected release rates.)

An isokinetic air sampler is planned for representative

sampling of the radionuclides in the stack. This sampler will

be operated continuously except for periods when malfunctions

or sample filter changes occur. The isokinetic sampler is

intended to be used continuously to monitor flue gases for

normal or emergency operation. (See Section 3.16.) The sample

filter will be collected and analyzed weekly for gamma emitters

in the SEG radiochemistry laboratory. Non-particulate

radioactive material such as tritium, carbon-14, and iodine

will be accounted for by assuming full release of the inventory

charged to the incinerator.

3.12 Auxiliary Generator

An auxiliary diesel generator will permit orderly incinerator

shutdown if commercial power is interrupted. The generator

will maintain power for essential monitor and control systems,

and additionally, for the necessary subsystems and safety

features required to accomplish a systematic halt to

incinerator operation. The generator will be rated for 120

kilowatts.

The auxiliary generator will be thoroughly tested during the

trail burn under simu]ated-power outage situations and will be

tested once a month during normal operation.
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3.13 Trial Burn

When checkout and testing of the incinerator is complete

(projected to be 1989), a trial burn will be conducted by

Studsvik and SEG personnel. The 96-hour trial burn will be

conducted using nonradioactive waste consisting of plastic,

wood, and paper. This operational phase is intended to achieve

several goals, among which are:

o the seasoning of combustion chamber refractory material

o final instrumentation testing and calibration prior to startup

o testing of the auxiliary generator under load and no-load

conditions and simulated power outage situations

o further supervisory and operational training under the

direction of the supplier

o a final test of the waste receipt and sorting procedure

o a complete test of operational emergency situations

3.14 Waste Disposal

As the wastes are burned, about 1 percent of the original

volume will remain as ash. That ash will be low-level

radioactive waste and must be properly processed for disposal.
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Occasionally, filters and other byproducts will need to be

disposed. After the waste is removed from the incinerator, it

will be analyzed, prepared for shipping, transported to the

disposal site, and disposed of.

Ash will be discharged from the incinerator ash hopper into

boxes which hold approximately 38 cubic feet of ash. The

discharge of the ash will take place in a isolated enclosure

below the incinerator. The ash discharge enclosure will be

maintained at a negative pressure to assure that no ash will

escape from the discharge area. Workers who work in the

discharge area will wear protective clothing and respiratory

protection to assure their safety. To discharge ash from the

incinerator, the box to receive the ash will be sealed to the

ash hopper utilizing tight air seals to prevent small amounts

of ash from escaping when the ash is discharged. The

temperature of the discharge ash is expected to be less than

100 degrees centigrade. After being filled, the box will be

carefully removed from the filling position and a gasketed lid

sealed to the box to prevent the escape of contamination.

Prior to being transferred from the incinerator building to the

waste processing building for inclusion into waste going to the

burial ground, the outside of the box will be decontaminated as

necessary to achieve an acceptable removable contamination

level. The decontamination of boxes is currently being done at

SEG for any box which have been in the process area and which

must be returned to the storage area to await processing. The

method of handling the ash assures worker safety and will not

cause any environmental contamination.
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The ash will then be solidified, compacted, or vitrified and

packaged for burial. Upon removal from the ash discharge area,

the container will enter the control of SEG's normal waste

streams. Ash removed from the baghouse or boiler will be

handled in a similar manner.

Prior to being prepared for shipment offsite, a sample of each

container (or a representative sample of similar activity

containers) of ash will be quantitatively analyzed for gamma-

emmitting radionuclides. These radionuclides comprise the

majority of the radioactivity in the ash. Liquid scintillation

analysis may also be performed for tritium and carbon 14,

although these radionuclides will be very minor constituents

and will be largely volatilized during incineration. Other

radionuclides will be accounted using the generator's analysis

of the original waste.

Filters and similar waste cannot easily be sampled For

analysis. Therefore, wherever sampling is impractical, the

activities of such wastes will be determined by relating the

dose rate on the container to the mix of radionuclides

incinerated since the waste was last generated. This

relationship is easy to determine using commercially available

software such as Microshield.

Incinerator wastes will be processed and packaged before being

transported for disposal. Containers of ash, filters, and

similar wastes will normally be supercompacted onsite in the

SEG supercompactor to achieve maximum density and volume
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reduction. This process has been used since late 1986 at SEG,

and meets the disposal requirement that ash be nondispersible.

After compaction, the crushed containers are stacked in

overpacks, sealed, inspected for defects, surveyed, checked for

contamination, and labeled for transport according to standard

SEG practices. Effluents from the wet scrubber will be

analyzed for radionuclide concentrations. The effluent will be

dried or solidified, packaged, and transported to an approved

commercial disposal site licensed to receive radioactive waste

in accordance with SEG's radioactive material license.

SEG states that in the future, some wastes may be processed by

encapsulation in concrete, molten glass, or other similar

media; but, for now, compaction and solidification in concrete

will be used.

After processing and packaging is complete, the waste is stored

onsite, temporarily, until transportation for disposal is

arranged. On the day the shipment is scheduled, the containers

are staged in the loading area. The waste is inspected again

for defects, surveyed, checked for contamination, and any final

labeling applied. The vehicle is inspected, and if acceptable,

the waste containers are loaded and secured. The vehicle is

placarded, according to DOT regulations, and the SEG

Transportation Department does a final inspection on the

vehicle and load. Just before departure, the Shipping and

Receiving Supervisor and the driver review the shipping papers,

destination route, handling requirements, and emergency
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procedures. When the Shipping and Receiving Supervisor is

satisfied the shipment is proper and complies with all laws and

safety practices, the shipment is released. SEG states that it

uses only approved haulers for transporting radioactive wastes.

As of 1988, there were only three approved commercial disposal

sites in the United States for low-level radioactive wastes:

Barnwell, South Carolina; Beatty, Nevada; and Richland,

Washington. Others will be opened, in the early 1990s, to meet

the requirements of the Low-Level Waste Policy Act of 1985.

There are a few Federally owned disposal sites for Government

wastes and special commercial wastes. SEG uses these sites

according to the regional compact requirements and in

compliance with other requirements that may apply in certain

situations. SEG states that it uses only approved disposal

sites.

SEG states that it will keep all required waste documentation

records. Besides the normal shipping papers, the disposal

sites require a list of all generators and their fractional

volumes on each shipment. All shipping papers, certifica-

tions, surveys, and related records are kept indefinitely.

After the waste is shipped off site, the records are filed and

the computerized radionuclide inventory data base is updated to

indicate that the material is no longer onsite.
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3.15 Health and Safety

The incinerator system is designed to operate safely with a

number of automatic features. SEG has an established health

and safety program to protect employees from both radiological

and nonradiological hazards. Because of the complexity of

radiological safety, a reference copy of the SEG Radiation

Safety Guide is included in Attachment I.

The SEG industrial hygienist establishes and supervises the

general safety and industrial hygiene program. The health

physics supervisor and technician staff, and the analytical lab

staff assist in the daily functioning of the program. The

program includes monitoring for, and protection from, hazardous

materials in waste and in the plant air. Monitoring and

protection are provided for physical hazards such as eye

injuries, noise, heat stress, falls, and confined spaces. The

SEG safety committee review and investigates unsafe conditions,

acts, and accidents, with the goal of reducing or eliminating

them. The general safety protection program for the

incinerator will be included under the current SEG safety

protection program, and does not require any change in the

current program.

The radiation safety officer (RSO) at SEG establishes and

monitors the radiation protection program. The health physics

supervisor administers the program on a daily basis and

supervises the technician staff. The analytical lab supports
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with measurements. The radiation protection program for the

incinerator will be included under the current SEG radiation

protection program and does not require any change in the

current program. This program includes external and internal

dose monitoring, contamination and radiation surveys, con-

trolled area designation, protective equipment and clothing

use, and other radiation protection practices designed to keep

exposures as low as reasonably achievable (ALARA).

Proper training is extremely important to the safe operation of

an incinerator. SEG states that the people associated with the

operation of the SEG incinerator have the necessary experience

and training to perform their assigned jobs correctly. All

workers trained in the basics of radiation protection and

safety as part of the SEG "new employee indoctrination program"

and gain practical radiation protection experience on the job

under the supervision of the health physics staff.

The initial incinerator operation crew will be trained in

Sweden on an operating radioactive waste incinerator. There,

they will learn how the incinerator works, how to operate it

safely, the limitations of operation, and emergency procedures.

They will spend a large fraction of their time actually running

an incinerator similar to the SEG incinerator. Additions to

the crew will be trained on the job under the supervision of

qualified operators.
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Those involved in approving and receiving waste will be trained

in the Waste Acceptance Plan requirements, described in Section

3.4 of this environmental assessment, and in the Tennessee

Radioactive Material License requirements. Those who sort the

waste prior to incineration will also be trained in the

requirements of the Waste Acceptance Plan to further assure

that only acceptable waste is incinerated.

3.16 Isokinetic Stack Gas-Monitor System

An isokinetic stack gas monitor will be used to continuously

monitor flue gases for normal or emergency operations. Figure

19 shows an outline diagram of the stack gas monitor detection

assemblies. Figure 20 is a conceptual diagram of the detector

showing data acquisition arrangements. Figure 21 illustrates

the equipment on the cart assembly.

The stack equipment will consist of an isokinetic nozzle

together with flow straighteners in the stack. Five inlet

nozzles are presented across the stack diameter and the

assembly is dimensioned so that it is possible to obtain a

representative sample of effluent gas. A flow monitor is

located at the nozzle assembly to ensure the matching of gas

velocities up the stack and in the sampling nozzles. The gas

flow rate will be measured with a pitot tube device.

The air sampling line from the stack will be curved down to the

stack monitor system located at the base of the stack. The

incoming air sample line will be heated. In addition, long

radius bends will be used on all air sample lines to minimize

Those involved in approving and receiving waste will be trained 

in the Waste Acceptance Plan requirements, described in Section 

3.4 of this environmental assessment, and in the Tennessee 

Radioactive Material License requirements. Those who sort the 

waste prior to incineration wi 11 also be trained in the 

requirements of the Waste Acceptance Plan to further assure 

that only acceptable waste is incinerated. 

3.16 Isokinetic stack Gas Monitor System 

An isokinetic stack gas monitor will be used to continuously 

monitor flue gases for normal or emergency operations. Figure 

19 shows an outline diagram of the stack gas monitor detection 

assemblies. Figure 20 is a conceptual diagram of the detector 

showing data acquisition arrangements. Figure 21 illustrates 

the equipment on the cart assembly. 

The stack equipment will consist of an isokinetic nozzle 

together with flow straighteners in the stack. Five inlet 

nozzles are presented across the stack diameter and the 

assembly is dimensioned so that it is possible to obtain a 

representative sample of effluent gas. A flow monitor is 

located at the nozzle assembly to ensure the matching of gas 

velocities up the stack and in the sampling nozzles. The gas 

flow rate will be measured with a pitot tube device. 

The ai r sampling 1 ine from the stack wi 11 be curved down to the 

stack monitor system located at the base of the stack. The 

incoming air sample line will be heated. In addition, long 

radius bends will be used on all air sample lines to minimize 

55 



56

the possibility of water condensation. The air is impacted

into a choice of a moving particulate air filter assembly or a

fixed filter and detector assembly, which are both capable of

collecting a high percentage of particulate above 0.4 microns.

The impact area is viewed by an alpha/beta 2.0 inch diameter

scintillation detector. For both detector assemblies the

geometry is carefully designed so that the moving or fixed

paper filter does not attenuate the incident radiation reaching

the detector element. the scintillator is energy sensitive so

that alpha and beta discrimination may be accomplished by one

detector element. The fixed filter paper particulate detector

assembly is used as the main particulate detection element

since long sample collection times and counting times are

required to monitor stack effluent in normal conditions. The

moving paper system is used for specific analyses (where a

sample can be measured later as a function of time in the

laboratory) or in accident conditions. The change over from

the fixed filter to the moving filter will be accomplished

automatically when the computer senses a step increase in

counts from the fixed filter. This change over takes

approximately three seconds to initiate and approximately ten

seconds to regain stable isokinetic sampling conditions. The

exit air stream from the filter is directed into a charcoal

filter assembly for iodines and other materials that may

collect in the cartridge. The cartridge, a standard SAI filter

designed for this type of application, is viewed by a 2.0" by

2.0" NaI (Ti) scintillator shielded in lead so that a maximum
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sensitivity is obtained. The cartridge is a fixed device that

may be manually changed according to conditions indicated by

the stack monitor process electronics. The scintillator is

capable of spectroscopy and will detect the passing gas volume

and any iodine species.

Passing of purge gas will allow measurement of only the iodine

components in the cartridge. Such a measurement will be

further backed by subsequent analysis of the cartridge in the

laboratory,

The remaining air stream is then fed to a lead shielded chamber

where a 3.0" diameter beta detector is located. This fixed

volume of gas in front of the detector permits the measurement

of any noble gases or other "gaseous" materials that passed the

particulate and charcoal samplers.

The exhaust stream from the last detection chamber is returned

via the vacuum pumps to the stack for release to the

environment. A bubbler is attached to this line so that

tritium and carbon 14 measurements may be made. This latter

measurement system is an off-line monitor where the collected

sample is taken to the SEG laboratory for analysis.

The air flow through the monitor is controlled by a flow valve

and motor assembly controlled by the main system control

computer. All detection assemblies are fitted with solenoid

driven check source assemblies for system checking in an

on-line operating condition,
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Table 5-1-3 shows the projected annual release rates of

radionuclides anticipated. The average stack gas flow rate is

5,000 cfm and will run continuously (average 8,760 hours per

year). The total exhaust gas volume is therefore 2.63 E 9

cubic feet annually. For every 1.0 curies of activity

discharged over this period, the concentration translates to

3.8 pCi per cubic foot of exhausted gas. In standard units,

this translates to 1.34 E-10 microcuries per ml. The stack

monitor SEG will use will be capable of measuring approximately

10 E-12 microcuries per ml. By converting the data in table

5-1-3 to activity per unit volume, it is clear that only some

isotopes will be detectable on line in normal conditions. This

is the reason that some filters will be measured in the SEG

laboratory. These measurements allow isotopic identification,

if required to 10 E-13 microcuries per ml.

The alpha particle measurements will be detectable for normal

operation. The stack monitoring system can monitor and provide

data for the worst case accident scenario also because the

count rates expected will be well below the maximum count rate

capabilities of the detectors and electronics.

Many of the isotopes listed in table 5-1-3 will be detectable

with the on-line equipment to be installed. The following will

require special treatment:

C-14 Relatively low energy beta. Use of CaF(Eu) in

gas chamber may provide specific deductabiity

for this isotope. Grab sample taken from the

bubbler will also provide measurement back up.
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H-3 A sample is obtained with the bubbler and will

be analyzed in the SEG laboratory.

The monitor system has its own dedicated measurement and

control electronics. Figure 20 shows a functional block

diagram of the system. Figure 21 shows an isometric drawing of

the stack monitor assembly.

Each detector has its own amplification and discrimination

channel and the outputs are accessed into the computer as shown

in figure 20. In addition to the detector count outputs being

used to assess activity per unit volume of sample gas and total

curie content release per unit time, their signals are analyzed

to insure that all detection assemblies are functioning

properly.

The computer controls the air flow into the monitor system to

maintain isokinetic sampling conditions. In addition, pressure

drops are monitored across the filter assemblies to sense their

proper operation.

All detection channels will be calibrated with NBS traceable

sources.

Air samples will be collected on a weekly basis or sooner,

depending on when the samples have enough activity to be

detected. On-line sample counting will be done on a continuous

basis. Air samples will be analyzed in the laboratory on at

least a weekly basis.
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The air sampler display will be located on the incinerator

control panel and over-limits will be enunciated. The

incinerator is not designed to shut down automatically if the

air sampler is not operating. SEG believes that the proposed

control panel alarms will be sufficient.

3.17 Thin Film Evaporator System

The operation of the evaporator is a closed system which will

contain water, dilute sodium hydroxide, sodium chloride, sodium

nitrate, and sodium sulfate. This solution will be evaporated

to a dry solid with the water being condensed and reused as

makeup water for the scrubber supply tank. Ventilation off the

holding tanks will be passed through our HEPA filter exhaust

system.

Operation of the scrubber will generate approximately 3,000

gallons of this scrub solution per 24 hours. The 3,000 gallons

of scrub solution will be evaporated to a dry solid using

energy from the boiler. The distillate is recycled to the

clean water tank and the dry solids, estimated to be 40 cubic

feet, that result for the evaporation process are sent to the

waste processing department to be disposed of as radioactive

waste. This solid will later be mixed with concrete to fill

the void spaces in our radioactive waste packages. It should

be noted that SEG expects the solid waste to contain very low

levels of radionuclides since the air that is being scrubbed

has already passed through a baghouse filter and three other

stages of air filtration including a HEPA filter.
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During operation of this system, water that is evaporated is

recondensed on a chilled coil. The recondensed water is

returned to the evaporator system for reuse.

4.0 Alternatives Considered

Upon receipt of SEG's request, TVA considered three

alternatives: (1) denying SEG's request (i.e., the no action

alternative), (2) approving SEG's request, or (3) approving

SEG's request with conditions. TVA's preferred alternative is

to conditionally approve the request.

The no action alternative or denying SEG's request is rejected

because of the apparent need for this kind of service.

Reducing the volume of low-level radioactive waste and burning

of waste oil contaminated with low-level radiation and

thereafter disposing of the residue in landfills licensed for

this appears to be more environmentally sound than continued

existing licensed methods of disposal which generate a much

greater volume of waste. The location of the incinerator on

SEG's existing CVRF site is compatible with its current use and

minimizes additional transportation of low-level radioactive

waste and ash. Also, except for the SEG site there are

currently no other available alternative zoned sites or

facilities in the Oak Ridge area for the proposed low-level

radioactive waste incineration process and TVA is not aware of

any other site in the Oak Ridge area which would pose lower

risks of environmental impact. Finally, there are few (if any
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other) qualified or licensed companies in this line of business

and because of the limited number of licensed disposal sites,

there is a nationwide need to reduce the volume of these

wastes.

Because of the regulatory reviews and approvals which the

incineration process has already undergone and the conformity

of this activity to applicable zoning requirements,

consideration was given to unconditionally approving SEG's

request. However, as a Federal agency charged with the

responsibility of both developing and preserving the natural

resources of the TVA region, TVA thinks it is better to be

environmentally cautious and has therefore rejected this

alternative in favor of conditionally approving the request.

Accordingly, TVA proposes to approve SEG's request subject to

the conditions listed in Section 8.0, Environmental Commitments.

5.0 Environmental and Socioecomic Impacts of the Proposed Action

5.1 Air Quality

5.1.1 Radioactive Emissions

SEG has performed an analysis to determine the radiological

impact on the environment from the SEG incinerator. The

analysis was done using the AIRDOS-EPA and RADRISK computer

programs as required by EPA regulations and was independently

reviewed by TVA.
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SEG states that the regional meteorological parameters for this

analysis were taken from the Department of Energy (DOE) Toxic

Substance Control Act (TSCA) incinerator National Emissions

Standards for Hazardous Air Pollutants (NESHAPS) permit

application. This TSCA incinerator is located at the Oak Ridge

Gaseous Diffusion Plant (ORGDP) only 2,575 meters (1.6 miles)

due north of SEG; therefore, all of this DOE meterological data

should be applicable to the SEG site.

Based on the calculation in Attachment G, the radionuclide

quantities shown in Table 5-1-1 are assumed to be released

annually in the airborne effluent of the incinerator. Several

of the nuclides listed in AIRDOS-EPA computer program output

are not included in this list because they contribute a

minuscule fraction of the calculated dose. In most cases, a

conservative nuclide release fraction of 0.0001 is assumed

relative to the original waste incinerated. The radionuclide

release fraction of 0.0001 is based on the Swedish experience

of incinerating 3,000 metric tons of low-level radioactive

waste plus the HEPA filter manufacturer efficiency guarantee.

For iodine, tritium, carbon, and technicium, an exceedingly

conservative release fraction of one (1) is assumed; that is,

all the activity of these nuclides going into the incinerator

is assumed released to the atmosphere. Furthermore, 10 million

pounds of waste are assumed to be incinerated each year.
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Table 5-1-1 Annual Radionuclide Release Rates

Radionuclide

Co-60

Cs-137

Co-58

Cs-134

1-131

Mn--54

Cr-51

Sb-125

Nb-95

Zr-95

Fe-59

Sr-90

Ni-63

Fe-55

H-3

C-14

Tc-99

1-129

U-238

Quantity (Ci/yr)

3.4 E-3

1.4 E-3

1.3 E-3

4.8 E-4

1.7 E-2

5.1 E-4

1.6 E-4

2.9 E-5

1.4 E-4

9.4 E-5

7.5 E-5

1.0 E-5

4.8 E-4

4.7 E-3

2.6 E 0

1.4 E-1

5.3 E-I

2.2 E-2

2.0 E-4

Each radionuclide in Table 5-1-1 implicitly includes its

daughters in equilibrium. For example, the dose analysis

includes the daughters of U-238 to radon and the less obvious

Ba-137m daughter of Cs-137.

Table 5-1-1 Annual Radionuclide Release Rates 

Radionuclide Quantity (Ci/yr) 

Co-60 3.4 E-3 

Cs-137 1.4 E-3 

Co-58 1.3 E-3 

Cs-134 4.8 E-4 

I-131 1.7 E-2 

Mn--54 5.1 E-4 

Cr-51 1.6 E-4 

Sb-125 2.9 E-5 

Nb-95 1.4 E-4 

Zr-95 9.4 E-5 

Fe-59 7.5 E-5 

Sr-90 1.0 E-5 

Ni-63 4.8 E-4 

Fe-55 4.7 E-3 

H-3 2.6 E 0 

C-14 1.4 E-1 

Tc-99 5.3 E-l 

1-129 2.2 E-2 

U-238 2.0 (-4 

Each radionuclide in Table 5-1-1 implicitly includes its 

daughters in equilibrium. For example, the dose analysis 

includes the daughters of U-238 to radon and the less obvious 

Ba-137m daughter of Cs-137. 
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The results appear to indicate that the radiological impact of

the airborne effluent from operating the SEG incinerator will

be substantially within the EPA limits of 25 millirem per year

(whole body) and 75 millirem per year for critical organ

(thyroid). The natural background whole-body dose for the area

is approximately 120 millirem per year and the critical organ

(lung) doses from natural radon is somewhat higher.

The dispersion distances given in Table 5-1-2 were chosen to

encompass the general area around SEG including the nearest

site boundary 100 meters NNW (sector 2), the nearest potential

residential site located approximately 1.3 km south west

(sector 7) of SEG, just across the Clinch River, and the

nearest real resident located 1.8 km from SEG in the same

sector.

Table 5-1-2 Dispersion Distance in Meters

100 (Nearest Site Boundary)

200

300

500

800 (Nearest Commercial Business)

1300 (Nearest Potential Resident)

1800 (Nearest Real Resident)

Since individual centerline doses have been computed, the

population in each sector was set to one (1). Every sector has

been designated a significant water area to maximize the
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waterborne dose. The number of cows in each sector is set

arbitrarily large and has almost no effect on the results. All

other environmental factors have been set to the program

default values.

To provide information about the input to the AIRDOS-EPA and

RADRISK computer programs, SEG has stated that Attachment G

contains a description of the basis for the radionuclide

species and quantities assumed to be discharged in the airborne

effluent. The actual computer printouts of the AIRDOS-EPA

program were sent to EPA by SEG and are not a part of this

assessment; however, a copy is available upon request from

SEG. These printouts include detailed listings of the data

discussed here and consist of AIRDOS models of the SEG

incinerator at ranges of 100, 200, 300, 500, 800, 1300, and

1800 meters from the emission point.

The highest dose occurs at 100 meters in the north-northwest.

In all cases, about 96 percent of the whole body dose is from

Tc-99 and 1-129. About 98 percent of the critical organ

(thyroid) dose is from these two radionuclides which are

assumed to be fully released. Consequently, all other listed

radionuclide quantities could be increased significantly

without materially affecting the results. The highest dose to

a real resident occurs at 1800 meters in the southwest sector.

These doses appear to be inconsequential in comparison to the

natural background radiation doses of about 120 mrem/yr whole

body and substantially higher critical organ'(lung) doses from

66 
waterborne dose. The number of cows in each sector is set 

arbitrarily large and has almost no effect on the results. All 

other environmental factors have been set to the program 

default values. 

To provide information about the input to the AIRDOS-EPA and 

RADRISK computer programs, SEG has stated that Attachment G 

contains a description of the basis for the radionuclide 

species and quantities assumed to be discharged in the airborne 

effluent. The actual computer printouts of the AIRDOS-EPA 

program were sent to EPA by SEG and are not a part of this 

assessment; however, a copy is available upon request from 

SEG. These printouts include detailed listings of the data 
i 

discussed here and consist of AIRDOS models of the SEG 

incinerator at ranges of 100, 200, 300, 500,800, 1300, and 

1800 meters from the emission point. 

The highest dose occurs at 100 meters in the north-northwest. 

In all cases, about 96 percent of the whole body dose is from 

Tc-99 and 1-129. About 98 percent of the critical organ 

(thyroid) dose is from these two radionuclides which are 

assumed to be fully released. Consequently, all other listed 

radionuclide quantities could be increased significantly 

without materially affecting the results. The highest dose to 

a real resident occurs at 1800 meters in the southwest sector. 

These doses appear to be inconsequential in comparison to the 

natural background radiation doses of about 120 mrem/yr whole 

body and substantially higher critical organ' (lung) doses from 



67

radon. Table 5-1-3 lists the individual centerline doses at

various distances for the whole body and the critical organ

(thyroid).

Table 5-1-3 Calculated Annual Doses at Various Distances

Distance Whole Body Dose Thy

(meters) (mrem)

100 2.3

200 1.2

300 0.8

500 0.5

800 0.4

1300 0.3

1800 0.26

The total dose to each organ through all pathways

from the emission point is shown in Table 5-1-4.

roid Dose

(mrem)

17

9

6

3.8

2.7

2.1

1.7

at 100 meters

Table 5-1-4 AIRDOS-EPA Organ Total Dose

ORGAN

WHOLE BODY

R MAR

ENDOST

THYROID

BREAST

*PUL*

S WALL

DOSE (REMS)

0.2330E-02

0.1697E-03

0.5513E-03

0.1730E-01

0.1424E-03

0.1425E-03

0.5545E-02

radon. Table 5-1-3 lists the individual centerline doses at 

various distances for the whole body and the critical organ 

(thyroid) . 

Table 5-1-3 Calculated Annual Doses at Various Distances 

Distance 

(meters) 

100 

200 

300 

500 

800 

1300 

1800 

Whole Body Dose 

(mrem) 

2.3 

1.2 

0.8 

0.5 

0.4 

0.3 

0.26 

Thyroid Dose 

(mrem) 

17 

9 

6 

3.8 

2.7 

2.1 

1.7 

The total dose to each organ through all pathways at 100 meters 

from the emission point is shown in Table 5-1-4. 

Table 5-1-A AIRDOS-EPA Organ Total Dose 

ORGAN DOSE (REMS) 

WHOLE BODY 0.2330E-02 

R MAR 0.1697E-03 

ENDOST 0.5513E-03 

THYIWID 0.1730E-01 

BREAST 0.1424E-03 

*PUL* 0.1425E-03 

S WALL 0.5545E-02 
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INT WALL

LIVER

PANCREAS

KIDNEYS

0. 1006E-02

0. 1675E-03

0. 1305E-03

0.1369E--03

Thus, the SEG incinerator is projected to be within the EPA

limits of 25 millirem/year (whole body) and 75 millirem/year

critical organ (thyroid).

5.1.2 Non-Radiological Emissions

SEG has provided the following comparison of three incinerators

planned for this area:

STATUS
SEG

PROPOSED

Charging
Rate

(lbs/hr)
Average

1200

Emissions
(lbs/hr)
Average

0.00083
0.18-0.38
4
0.55
0.9
0.019-0,038
0.09-0.18

DOE
ACTUAL

Charging
Rate

(lbs/hr)
Average

700

Emissions
(lbs/hr)
Average

IT
PROPOSED

Charging
Rate

(lbs/hr)
Average

60,000

Emissions
(lbs/hr)
Average

Particulate
Sulphur Dioxide
Nitrogen Oxides
Organic Compounds
Carbon Monoxide
Fluorides
HCL

2.9
0.5
18
0.4
2.6
0.01

7.8
16
48
2.5
5.9
0.1

SEG has obtained a temporary operating
proposed emissions and they are judged
impact on air quality.

APC permit for these
to have an insignificant
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SEG DOE IT 
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Rate Rate Rate 

(lbs/hr) (lbs/hr) (lbs/hr) 
Average Average Average 

1200 700 60,000 

Emissions Emissions Emissions 
(lbs/hr) (lbs/hr) (lbs/hr) 
Average Average Average 

Particulate 0.00083 2.9 7.8 
Sulphur Dioxide 0.18-0.38 0.5 16 
Nitrogen Oxides 4 18 48 
Organic Compounds 0.55 0.4 2.5 
Carbon Monoxide 0.9 2.6 5.9 
Fluorides 0.019-0.038 0.01 0.1 
HCL 0.09-0.18 

SEG has obtained a temporary operating APC permit for these 
proposed emissions and they are judged to have an insignificant 
impact on air quality. 
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5.1.3 Postulated Accidents

Besides the radiological impact of routine operation, SEG has

considered the potential radiological impact of two major, but

unlikely, accidents. SEG states that the same dispersion

characteristics are applicable for accident conditions and

normal operations. The postulated accidents are:

o failure of the heat removal system resulting in thermal

destruction of the flue gas filtration system and subsequent

release of unfiltered radioactive ash to the environment.

o pressure excursion in the incinerator resulting in rupture of

the pressure release diaphragm, release of ash to the

incinerator building, and partial ash release to the

environment,

Both of these unlikely accidents were evaluated for

radiological impact on the environment by determining the

approximate radioactivity release to the environment and

determining the resulting dose by comparison to previous

AIRDOS-EPA runs.

FAILURE OF THE HEAT REMOVAL SYSTEM - If feed water to the heat

removal system were to fail catastrophically and the inciner-

ator could not be cooled to less than 400 degrees Fahrenheit

before baghouse and HEPA filter destruction occurred, the

radioactive ash inventory (up to about 5 kg) trapped on the

filters would be released. Within 4 minutes the emergency
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cool--down system would cool the incinerator to less than 400

degrees Fahrenheit and the redundant filtration system would be

switched in. The "redundant filtration system" refers to the

second bank of parallel HEPA filters located between the

baghouse and the wet scrubber. These two banks of HEPA filters

are provided to facilitate filter change and to provide backup

HEPA filtration in case of abnormal operating conditions. The

HEPA filters are selected by operating dampers in the off-gas

ducting system. Even if the redundant filters could not be

used, the system ventilation could be stopped at about 400

degrees Fahrenheit and further releases would cease. Besides

the radionuclide inventory trapped on the bag filters and HEPA

filters, a much smaller quantity of additional unfiltered

radioactivity in flue gases would also be released. Five

kilograms of ash have about the same radionuclide content as

one year of routine releases except that the iodines,

technetium, carbon, and tritium would not be present in the

ash, having been already released routinely. This accidental

release would result in a site boundary (100 meter) whole body

dose of less than 0.1 mrem and a thyroid dose of less than 0.3

mrem. Thus it is clear that such an accident would have an

insignificant radiological impact on the environment and people.

PRESSURE EXCURSION IN THE INCINERATOR - If a transient

overpressure condition occurred such that the pressure release

door near the top of the incinerator gave way, a small amount

of ash would be blown into the incinerator building. SEG

estimates that a pressure excursion would release a few

cool-down system would cool the incinerator to less than 400 

degrees Fahrenheit and the redundant filtration system would be 

switched in. The "redundant filtration system" refers to the 

second bank of parallel HEPA filters located between the 

baghouse and the wet scrubber. These two banks of HEPA filters 

are provided to facilitate filter change and to provide backup 

HEPA filtration in case of abnormal operating conditions. The 

HEPA fi I ters are se lected by operating dampers in the off·-gas 

ducting system. Even if the redundant filters could not be 

used. the system ventilation could be stopped at about 400 

degrees Fahrenheit and further releases would cease. Besides 

the radionuclide inventory trapped on the bag filters and HEPA 

filters. a much smaller quantity of additional unfiltered 

radioactivity in flue gases would also be released. Five 

kilograms of ash have about the same radionuclide content as 

one year of routine releases except that the iodines, 

technetium. carbon. and tritium would not be present in the 

ash. having been already released routinely. This accidental 

release would result in a site boundary (100 meter) whole body 

dose of less than 0.1 mrem and a thyroid dose of less than 0.3 

mrem. Thus it is clear that such an accident would have an 

insignificant radiological impact on the environment and people. 

PRESSURE EXCURSION IN THE INCINERATOR - If a transient 

overpressure condition occurred such that the pressure release 

door near the top of the incinerator gave way, a small amount 

of ash would be blown into the incinerator building. SEG 

estimates that a pressure excursion would release a few 

70 



71

kilograms from the incinerator into the incinerator building.

The released material would include ash and combustion gases.

The building ventilation system would release the vented gases

in a normal manner and trap any airborne contamination on the

system's filters, Most of the solid materials released during

a pressure excursion would remain in the incinerator building

and would be cleaned up after the incinerator cooled off. SEG

states that because plant ventilation is HEPA filtered, minimal

release to the environment would occur. It should be noted

that significant overpressures can only be caused by explosive

materials such as large oxygen bottles. The SEG sorting

process described in Section 3.6 should essentially eliminate

this possibility.

The pressure relief door operates only in accidental

over-pressure transient situations. Movement of the pressure

relief door will cause an alarm to sound in the control room

and in the incinerator building to alert SEG staff to the

possibility of airborne contamination in the incinerator

building.

Assuming the worst possible accident where the baghouse and

HEPA filter materials are destroyed and approximately 5

Kilograms of material on those filters were released to the

atmosphere, an additional 0.006 Ci would be released. This

would result in less than a 3 percent increase in the yearly

dose at the fence line (100 meters).
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Conclusion

Thus, operation of the incinerator with the described

mitigative measures will not have a significant impact on air

quality.

5,2 Water Quality

All solid waste will be shipped and stored in tightly closed

metal containers. Ash generated by the incinerator will fall

into metal hoppers which will be covered and taken by fork lift

to the process building to be compacted or solidified and

shipped in tightly closed metal containers in accordance with

SEG's Radiological Material License (RML). All waste oil

shipped to and stored outside at SEG will be in at least double

containment systems and all shipments will be checked at the

gate for surface contamination prior to acceptance by SEG. The

waste oil will remain in double containment until it is inside

the process building which is on a concrete pad and is diked to

prevent runoff of the oil outside the building. After the

waste oil is mixed with kerosene to prepare it for burning it

will be pumped to a storage tank and then to the incinerator

building in double containment type piping. In the incinerator

building, the waste oil will remain in double containment

piping until burned. In addition, the storage tank will

provide double containment protection. These measures should

prevent any surface runoff contamination from rainfall or oil

spills. There are no floor drains in the process building or
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the proposed incinerator building and any spills will be

contained, cleaned up, and decontaminated in place with

absorbents and power vacuum cleaners. In addition, SEG is

required by EPA regulations to develop an SPCC plan and

maintain the plan onsite so it can be used in an actual spill

situation. Oil sludges and filters (from the oil cleaning

process), used baghouse filters, HEPA filters and liquid

effluent generated by the wet scrubber system (discussed in

Section 3.17), absorbent pads, etc., will be treated as

radioactive waste in accordance with the RML (liquids will be

solidified, solids compacted, and both shipped in approved

containers to an approved storage or disposal site). There is

no other liquid effluent from the incineration process, and the

calculations discussed in Section 5.1 and 5.2 show that there

are no significant airborne emissions to drift into water

bodies. Therefore, there will be no significant impacts on

water quality.
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clients if it contains any listed'or characteristic hazardous

waste, as defined by applicable environmental regulations (see

Section 3.4). In addition, SEG's sorting operation described

in Section 3.6 should insure that correct types of waste are

incinerated. As noted in Section 3.14, the radioactive

contaminated ash filters, etc., from the incineration process

will be disposed of with other compacted radioactive wastes in

accordance with the RML. Effluents from the wet scrubber will

be analyzed for radionuclide concentrations. The effluent will

be dried or solidified, packaged, and transported to an

approved commercial disposal site in accordance with SEG's

RML.

SEG's criteria for accepting waste oil include certification by

the supplier or by SEG's analysis that the waste oil is not a

hazardous waste (Attachment H). Primary containment systems

used to transport the waste oil will not be recycled. Used,

empty containers (usually barrels) will be rinsed out with

kerosene (which will be used in the oil burning process) and

then compacted and disposed of as radioactive waste in

accordance with the RML.

Therefore, there will be no uncontrolled solid or hazardous

waste streams and adverse environmental effects from solid and

hazardous wastes will not be significant.
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5.5 Socioeconomic

5.5.1 Transportation

Any impacts from transportation of waste are expected to be

insignificant due to regulatory control, the low level of

radioactivity, and the nature of the containers used to move

the waste and waste oil. Regulations promulgated by the U.S.

Department of Transportation must be complied with in any

movements. Shipments should also be manifested and placarded

for identification.

Responsibility for transportation of waste to SEG may take

several forms: the client may take responsibility for

shipping to SEG; SEG may arrange with a common carrier or

contract carrier for shipment; or SEG may pick up the

material in an SEG vehicle. Although shipping will usually

be by truck, SEG may use any legal, proper conveyance such as

rail or water transport. Tanker trucks will not be used.

(There are no rail or barge facilities at the site, so waste

shipments would have to be transferred to trucks at other

locations and would still arrive at SEG by truck.) Truck

transportation is not expected to increase as a result of

incinerator operation at SEG. Radioactive oil may be

imported for burning from other countries. Import will be in

compliance with 10 C.F.R. 110, International Atomic Energy

Agency (IAEA), and applicable Tennessee regulations.
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5.5.2 Social

This proposed action is not expected to result in any

significant social changes in the area. The area of the

proposed incinerator is one of many nuclear or energy related

industries. The Clinch River Industrial Park was developed

for nuclear related industries. Other n~arby emission

sources include the DOE K-25 plant with an operational Toxic

Substances Control Act incinerator, the DOE Oak Ridge

National Laboratory, the DOE Y-12 plant, and TVA's Bull Run

and Kingston Steam Plants. IT has proposed a nonradiological

incinerator for hazardous wastes on neighboring property, but

construction has not begun. Public review of IT's proposal

has been favorable. In general, the Oak Ridge community

appears receptive to nuclear related industries. The

increase in the number of jobs resulting from SEG's proposal

or IT's proposal should not cumulatively have significant

impacts on the public services or the transportation

infrastructure in the area.

5.5.3 Economic

SEG estimated that the incineration process will increase SEG

employment by 15 additional people; also, it is expected to

further secure the present 140 jobs due to the wider range of

services that SEG can offer to its clients. It is expected

that this environmentally acceptable method of incinerating

low-level radioactive waste would add to SEG's future growth

potential,
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5.5,4 Land Use

Because the incineration process will be conducted in an

industrial park specifically designated for nuclear

industries in an area of several other nuclear industries and

because no significant environmentally adverse effects are

expected, the incineration process should not have a

significant effect on land use in the area.

5.5.5 Aesthetics

The incinerator proposed by SEG will result in some site

clearing and grading work along with the construction of a

13,000-square foot metal building, a 40-foot and a 98-foot

stack.

All construction will occur on Tract No. XWBR-688IE,

previously approved by TVA for industrial development. SEG

has stated that a band of trees 25 to 100 feet wide will

remain to shield the incinerator facility from Bear Creek

Road and no construction will occur in the habitat protection

area extending 15 meters from the north shoreline of Grassy

Creek. Due to the extensive filtration on flue gases, and

reheat of the saturated scrubber exhaust the plume should not

be visible under most atmospheric conditions. Due to the

site's location; the facility should not be visible from

Watts Bar Reservoir. Thus, there will be no significant

effect on aesthetic'values in the area.
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5.6 Vegetation

The incinerator construction as proposed herein will involve

the destruction of some existing vegetation within the site

which has been previously approved by TVA for industrial

development. However, no actions are proposed which would

endanger the habitat protection area extending 15 meters from

the north shoreline of Grassy Creek. In addition, because only

minimal or insignificant emissions are expected from the

incineration process and because there will be no other

uncontrolled waste streams which would otherwise harm

vegetation, there should be no adverse effect on vegetation due

to incinerator operation. The loss of vegetation due to

construction is not considered significant and is acceptable to

encourage industrial development of this tract.

5.7 Wildlife and Threatened or Endangered Species

The incinerator construction as proposed herein will not harm

wildlife in the area. TVA staff has inspected the site and no

significant wildlife or threatened or endangered species were

found on the site. Also, no potential habitat for these

species was found. In addition, no actions are proposed which

would endanger the adjacent habitat protection area extending

15 meters from the north shoreline of Grassy Creek.

Furthermore, because only minimal or insignificant emissions

are expected from the incineration process and because there
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will be no other uncontrolled waste streams which would

otherwise harm wildlife, there will be no adverse effects on

wildlife, threatened or endangered species or critical habitats.

5.8 Floodplains and Wetlands

The incinerator building will be constructed between the

existing process building and Bear Creek Road and has a slab

elevation of 784.2, which is located well outside the limits of

the 500-year floodplain. There are no wetlands on the site.

As the incineration process will generate no uncontrolled waste

streams and produce minimal or insignificant emissions during

operation, no wetlands should be affected. Accordingly, the

proposed action is consistent with the policies and concepts of

Executive Order Nos. 11988 (Floodplain Management) and 11990

(Protection of Wetlands).

5.9 Cultural Resources

Tract No. XWBR-688IE has been previously cleared for industrial

development by the Cultural Resources Program. Therefore,

there will be no adverse effect on cultural resources.

5.10 Prime Farmland

The proposed incineration process is on a site already

designated by the city of Oak Ridge for industrial development

and no additional lands other than these will be disturbed by

installation and operation of the incineration process.
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Therefore, use of this land for the incinerator is

categorically excluded from review of its impact on prime

farmland.

6.0 Safety Measures

6.1 Traffic Accident and Spill Prevention

The small amount of additional traffic because of increased

capacity to handle waste at SEG due to the incinerator will not

pose a significant accident risk. In addition, there are no

proposed changes to SEG requirements and procedures for waste

handling or method of shipment. All liquids will be shipped in

impact resistant containers which provide double containment,

and a spill from the containers would be unlikely even if there

is an accident to the truck. (The State route 95 and 58

bridges over the Clinch River are in straight sections so

overturning of a truck on the bridge with spilling of the drums

into the river is very unlikely.) SEG's oil burning procedures

will be only minimally revised to apply to incineration and

contain numerous provisions for preventing accidental spills

from drums, pipes, or tanks.

6.2 Fire and Storm Damage Prevention

As noted in Section 3.1, waste will be stored in sealed

containers on the asphalt parking area adjacent to the process

building. SEG's proposed incinerator building facility will be

tied into the existing fire detection and protection system
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with automatic notification of the Oak Ridge Fire Department.

Also, the proposed incinerator building will be equipped with a

dry sprinkler system and portable fire extinguishers. These

measures should effectively minimize fire risks. Storms are

unlikely to damage the securely packed waste containers stored

onsite, and any spills inside the process and storage buildings

will be contained by the dikes around them.

7.0 Summary

7.1 Unavoidable Adverse Impacts of the Proposed Action

There will be some minimal environmental effects on air quality

due to the incineration process and some small increased risk

in the increased transportation and handling potential of the

low-level radioactive waste. In addition, some vegetation will

be destroyed during construction. However, in each case these

impacts and risks are acceptable, minor and have been

minimized, and safeguards are employed to minimize them further.

7.2 Probable Environmental Tradeoffs

The small increased risk from the incineration process reduces

increased risk of spills and groundwater contamination due to

storage at the waste generator sites. Also, the existence of a

legally approved disposal method for low-level radioactive

waste may encourage compliance, particularly among the small

waste generators.
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7.3 Irr-eversible Commitment of Resources

The only irreversible commitment of resources are the burning

of the waste itself, burning of propane in the auxiliary

burners, the disposal of HEPA filters, and the destruction of

some vegetation. However, the waste must be disposed of in any

case, so the burning actually recovers some of the resource

value of the waste in the form of the heat which will be used

to supplement heating of the building. The HEPA filters would

have to be discarded anyway once they are used in the

building's existing ventilation system. The loss of some

vegetation resulting from construction activities and the use

of propane as a fuel for the auxiliary burners is an acceptable

loss offset by the economic development created by the

incinerator. In addition, the incineration process results in

a large volume reduction of waste which will significantly

reduce loss of land due to disposal of the resulting ash

compared to the present waste disposal methods used at SEG.

8.0 Environmental Commitments

To further minimize the potential for adverse environmental impacts,

TVA shall condition its approval of SEG's request upon the following

commitments:

1. SEG acknowledges and accepts the same terms and conditions with

regard to this proposed facility as are contained in the TVA

grants of easement dated December 12, 1973, and November 6,

1985, to the city of Oak Ridge, Tennessee, authorizing use of
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Tract No. XWBR-688IE, Parcel No. 1 and Parcel No. 2,

respectively.

2. It is understood that SEG has obtained all other required

authorizations, approvals, licenses, and permits and that the

air pollution control equipment described in the information

provided by SEG will be properly maintained and operated at all

times during operation of the facility.

3. The charge rate for the facility shall not exceed 1,600 pounds

per hour capacity. In addition, the facility shall not burn

more than 30 gallons per hour of acceptable waste oil and other

acceptable flammable liquids.

4. SEG shall refuse receipt of any oils or other liquids

contaminated with listed hazardous wastes or which have

hazardous waste characteristics such that the oils or liquids

would be regulated as hazardous wastes under applicable laws.

SEG shall also refuse receipt of any oils or liquids containing

polychlorinated biphenyls (PCBs) at levels of 2 ppm or

greater. To implement this condition, SEG shall require users

of this service to certify that the user's oils or liquids

conform to these limitations and SEG shall modify its oil

acceptance criteria accordingly.

5. SEG shall notify TVA immediately of any changes in its license

or permit status pertaining to operations at the CVRF. In

addition, SEG shall immediately notify TVA of any oral or

written communication from any Federal, State, or local

Tract No. XWBR-688IE, Parcel No. 1 and Parcel No.2, 

respectively. 

2. It is understood that SEG has obtained all other required 

authorizations, approvals, licenses, and permits and that the 

air pollution control equipment described in the information 

provided by SEG will be properly maintained and operated at all 

times during operation of the facility. 

3. The charge rate for the facility shall not exceed 1,600 pounds 

per hour capacity. In addition, the facility shall not burn 

more than 30 gallons per hour of acceptable waste oil and other 

acceptable flammable liquids. 

4. SEG shall refuse receipt of any oils or other liquids 

contaminated with listed hazardous wastes or which have 

hazardous waste characteristics such that the oils or liquids 

would be regulated as hazardous wastes under applicable laws. 

SEG shall also refuse receipt of any oils or liquids containing 

polychlorinated biphenyls (PCBs) at levels of 2 ppm or 

greater. To implement this condition, SEG shall require users 

of this service to certify that the user's oils or liquids 

conform to these limitations and SEG shall modify its oil 

acceptance criteria accordingly. 

5. SEG shall notify TVA immediately of any changes in its license 

or permit status pertaining to operations at the CVRF. In 

addition, SEG shall immediately notify TVA of any oral or 

written communication from any Federal, State, or local 
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authority indicating that SEG is or may be in violation of any

pertinent radioactive- or environmental-related statute,

regulation, or ordinance in connection with operations at the

CVRF.

6. The existing auxiliary waste oil burners previously approved in

TVA's September 19 letter to you shall be dismantled and

disposed of in accordance with SEG's radioactive material

license prior to commercial operation of the incinerator.

7. All oil or other liquids are to be shipped directly to SEG from

the generator and there shall be no loading, unloading, or

shifting of cargo or container systems en route. In addition,

all oil or liquids will be shipped in sealed container systems

providing at least double containment and these containers will

also be used for storage at SEG's CVRF. The containers shall

not be opened until they have been placed within the diked area

of the process or storage buildings. The use of tanker trucks

is specifically excluded from this approval.

B. All filters shall be changed periodically at intervals required

to maintain optimum performance.

9. Use of the ash vitrification system under consideration as a

component of the facility is not approved at this time; if use

of this system is eventually proposed, SEG shall submit

additional information and plans for the system to TVA for

approval.
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10. SEG shall maintain a 25-foot wide minimum band of trees,

shrubs, and lesser vegetation along Bear Creek Road to shield

the facility from view.

11. This approval may be revoked by TVA if the facility has not

been constructed or operated in accordance with the conditions

and understandings herein. Upon receipt of written notice of

revocation from TVA, SEG shall cease operating the facility.

When the condition(s) causing nonconformance is satisfactorily

corrected, SEG may request TVA approval to resume operation.

These conditions will further diminish any possibility of

significant adverse environmental impacts and will enhance the

effectiveness of the conditions contained in the underlying grants

of easement-including those requiring SEG to comply with all

applicable pollution control requirements and standards.

9.0 Conclusion

Based on the information provided by SEG and TVA staff's independent

reviews and analyses, the incineration process should have no

significant impact on the quality of the environment. All

unavoidable environmental impacts appear to be minor and have been

minimized.
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I. INTRODUCTION

The Tennessee Valley Authority's (TVA) responsibilities under the

TVA Act of 1933, 48 Stat. 58, as amended, 16 U.S.C. §§ 831-831dd (1976),

include assuring an ample supply of electrical energy at the lowest feasi-

ble cost to the area it serves. En meeting this objective, TVA routinely

seeks to implement design changes which will improve the safety, availa-

bility, and reliability of its operating plants in a manner consistent

with this Nation's policy to protect and enhance the natural environment.

The proposed action will aid TVA in meeting these objectives.

It is the purpose of this Environmental Assessment (EA) to consider

the potential environmental impacts of the low-level radwaste (LLRW) man-

agement plans for Watts Bar Nuclear Plant (WBNP). TVA's proposed LLRW

management plan is twofold. It consists of (1) installing equipment

designed for volume reduction and solidification of LLRW, and (2) construc-

ting facilities designed to safely store the LLRW generated at WBNP for

the operational life of the plant.; Although each segment of the LLRW

management plan could be implemented independently, each is an integral

part of the proposal for WBNP and will be considered together as a single

action for the purposes of this document.

This EA considers the potential environmental effects of TVA's LLRW

management plan for WBNP.

I1. NEED

Watts Bar Nuclear Plant is located in Rhea County, Tennessee on the

west shore of Chickamauga Lake approximately 8 miles south of Spring City

and consists of two 1220-megawatt (electric) pressurized water reactor

-1-

I. INTRODUCTION 

The Tennessee Valley Authority's (TVA) responsibilities und"er the 

TVA Act of 1933, 4.8 Stat. 58, as amended, 16 U.S.C. §§ 83l-83ldd (1976), 

include assuring an ample supply of "electricai energy at the lowest feasi

ble cost to the area it serves. In meeting th~s objective, TVA routinely 

seeks to implement design changes which will improve the safety, availa

bility, and reliability of its operating plants in a manner consistent 

with this Nation's policy to protect and enhance the natural environment. 

The proposed action will aid TVA iIi meeting these objectives. 

It is the purpose of this Environmental Assessment (EA) to consider 

the "potential environmental impacts of the low-level radwaste (LLRW) man

agement plans for Watts Bar Nuclear Plant (WBNP). TVA's proposed LLRW 

management plan is twofold. It consists of (1) installing equipment 

designed for volume reduction and solidification of LLRW, and (2) construc

ting facilities designed to safely store the LLR'~ generated at WBNP for 

the operational life of the plant." Although each segment of the LLRW 

management plan could be implemented independently, each is an integral 

part of the proposal for WBNPand will be considered together as a single 

action for the purposes of this document. 

This EA considers the potential environmental effects of TVA's LLRW 

management plan forWBNP. 

II. NEED 

Watts Bar Nuclear Plant is located in Rhea County, Tennessee on the 

west shore of Chickamauga Lake approximately 8 miles south of Spring City 

and c:onsistsof two li20-megawatt (electric) pressurized water reactor 

-too 



(PWR) units. The need for power generation at this facility has previ-

ously been addressed in the Final Environmental Impact Statement for WBNP.

Routine operation and maintenance of the plant results in the generation

of low-level radwaste (LLRW). LLRW consists of a variety of slightly

contaminated miscellaneous solids such as paper, rags, protective cloth-

ing&, plastic bags, gloves, wood, etc., (all such waste will be referred

to herein as "trash") as well as radioactive processing wastes such as

evaporator concentrates, condensate demineralizer resin rinses (spent

regenerants), spent filter cartridges, and spent ion exchange resins.

It is estimated that WBNP will generate the following amount of LLRW

per year.

600 cubic feet (dewatered) or
Spent ResiLn .1200 cubic feet (solidified)

Trash compacted-12,000 cubic feet
(210 tons/yr)

noncompacted-ll,650 cubic feet

(less than 180 tons/yr)

Evaporator Concentrates 7,000 cubic feet (solidified)

Spent Regenerants 25,000 cubic feet (solidified)

Spent Filter Cartridges 350 cubic feet

Throughout the design phase of WBNP, TVA had planned to. package

and ship all of the LLRW generated at WBNP to Chem-Nuclear Systems, Inc.'s,

commercial radioactive waste burial site in Barnwell, South Carolina. In

the past few months, however, significant restrictions have been placed

on the amount of packaged LLRW that Barnwell will accept for burial.

Chem-Nuclear, Inc., has announced severe volume restrictions, and it

now appears that commercial acceptable burial space will become exceed-

ingly scarce and expensive within the next 10 years. In addition, because

the announced burial restrictions will be applied on a per utility basis

(as opposed to a per plant basis), LLRW generated at WBNP can only be
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disposed of at Barnwell within TVA system-wideLLRW volume restrictions

(i.e., at the expense of LLRW generated at BFNP and SQNP not being

disposed of at Barnwell). TVA's LLRW disposal problem will become

significantly more critical as TVA's nuclear plants, now under

construction, are put into operation. Even without these restrictions,

it is likely that additional disposal options would be needed because

no other waste disposal facilities are being planned in the southeast

or midwest regions of the Nation.

The need to develop alternatives to disposing of LLRW at Chem-

Nuclear's Barnwell facility is immediate and represents a potentially

serious impact to the operation of WBNP. The intent of the proposed

action discussed in this EA is to assure that the unavailability of

commercial burial space will not delay startup schedules or restrict

future electric power generation at WBNP. The proposed action is

consistent with this Nation's policy of attaining energy independence

and could potentially reduce future dependence on insecure and

increasingly expensive sources of foreign oil. Implementation of the

proposed action will make TVA's operations at WBNPessentially immune

from outside restrictions on disposal of LLRW for the foreseeable future.

The proposed action consists of design changes/plant additions to

handle LLRW on a long-term basis.
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1II. DESCRIPTION OF THE PROPOSED ACTION

In view of commercial LLRW disposal limitations and other TVA

system-wide LLRW management considerations, TVA will .package and ship

as much LLRW from WBNP to Barnwell as possible. It is likely that only

a small amount of LLRW will be shipped from WBNP to Barnwell, and it

is quite possible that no LLRW at all will be shipped. Present plans

are to store the "as-produced" LLRW ("as-produced" LLRW refers to

radioactive waste that is not volume reduced, but is packaged in a form

suitable for disposal) in the. onsite storage facilities. However, the

waste packaging area of WBNP is available if needed for temporary

storage of six to nine month's production of LLRW of one unit at full

power. The waste packaging area is adjacent to the east end of the

auxiliary building and was designed to safely store (i.e., within limits

set by 10 CFR 20) packaged radwaste accumulated between shipments to a

commercial burial facility.

A. Construction of a Long-Term Onsite LLRW

Storage Facility (OSF)

TVA has developed a conceptual design for an onsite LLRW storage

facility (OSF) and has selected a suitable location within the Watts

Bar (WB) reservation (see Figure L).

Location Description

The proposed storage facility would be comprised of independent

buildings (called modules) for LLRW storage. The proposed facility will

be located on an approximate 15-acre site within the Watts Bar Reservation,

but outside of the existing WBNP security fence approximately 1200 feet

north of the reactor buildings. The area is generally rolling terrain.

The grade elevation of the facility would be at approximately 730 feet,
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which is well above the regulatory TVA structure profile elevation

of 708 and the 500-year flood elevation in the Watts Bar reservation

area (elevation.705.5).

The nearest existing structure to the storage facility is the

WBNP diesel generator building, which is approximately,800 feet from

the nearest point of the OSF security fence.

Conceptual Design Description

Facility Description

Packaged LLRW will be stored in above-ground concrete buildings

calledý modules. The modules will be sized such. that three modules

will be able to store theestimated annual output of "as-produced"

LLRW. The modules will be designed to store "as-produced" LLRW or
'I

volume-reduced" LLRW. The total number of modules planned for

storage of packaged LLRW is 13. The modules will be compartment-

alized. Access to each module will be provided only from above, and

will only be used for placing. LLRW in or removing LLRW from the

module by crane. No LLRW will be handled during precipitation events.

The interior surfaces of each module will be sealed with decontami-

nable protective coating. There will be no fire detection equipment in

the storage modules; the LLRW will be stored in a form that does not

constitute a fire hazard; however, it can be incinerated under controlled

conditions. In addition, TVA has performed an analysis that establishes

that spontaneous combustion potential of packaged trash is not a fire

protection concern.

The storage structures in the OSF will be designed to store the

LLRW in such a way that the waste is completely retrievable.

Enough modules will be constructed to store the "as-produced" LLRW
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until a volume reduction and solidification system can be installed,

tested, and operated. Additional modules will be constructed as necessary

to store the volume-reduced LLRW for the operational life of the plant.

Structural.Requirements

All structures containing LLRW will be constructed of reinforced

concrete. In addition to normal operating loads, the OSF structure will

be designed to'resist loads resulting from extreme environmental events

such as high winds, tornadoes, rainfall, and seismic events. The

structural characteristics of the OSF will meet or exceed the criteria

applicable to the WBNP site.

ShieldingRequirements

The OSF will be designed to provide sufficient access controls and

shielding to ensure that radiation is at or below acceptable levels during

all phases of operation. Occupational exposure to all construction

personnel and to all personnel performing the low-level radioactive waste

storage operations will be kept as low as reasonably achievable (ALARA).

Except during waste handling operations, the dose equivalent at any

accessible point outside the storage facility security fence will not

exceed an average of 2.0 mrem/hour according to 10 CFR 20. During

waste handling operations, dose rates at the security fence may

temporarily exceed this value, but will be minimized. In any case,

administrative measures will be taken to control occupancy such that

no person outside of the security fence can receive a significant

fraction of his allowable annual dose.

Fire Protection

No permanently installed fire suppression system will be provided

inside the OSF structures. A yard fire main, hydrants, and hydrant
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houses will be provided to afford manual firefighting capability for the

entire OSF. All fires in the LLRW storage facilities will be fought by

the WBNP fire brigade. The OSF structures will be designed to contain

(within each module) all fire suppression water from a design basis fire

in a way that will not preclude processing of the water (if determined

to be radioactive) using the existing WBNP liquid radioactive waste

treatment system. Nonradioactive water will be treated and discharged

to the yard holding pond. Proper respiratory protection will be provided.

Fire detection capability requirements will be satisfied by the security

measures described below.

Security Requirements

The entire OSF will be enclosed with an 8-foot high chain link

fence which includes three feet of barbed wire inclined away from the

facility. The security fence for the OSF will be provided with an

intrusion detection device with tamper indication which alarms in the

continuously manned OSF gatehouse. The OSP will be provided with

closed circuit television monitoring capabilities and will be continuously

lighted at night. Access to the OSF will be controlled through the OSF

gatehouse.

B. Installation of a Volume Reduction and Solidification System (VRS)

TVA proposes to install a VRS for WBNP. The VRS will be housed in

a new structure now planned to be located within the existing Watts Bar
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The VRS will be installed to markedly expand the storage

capabilities of the OSF by significantly reducing the volume of the

"as-produced" waste to be stored. In addition, the VRS will solidify

the LLRW in such a way as to provide a stable dry form for storage or

shipment offsite for disposal. The solidification process will not

precludethe reprocessing of the solidified, volume-reduced waste for

any foreseeable ultimate disposal methods for LLRW.

The VRS will be designed to calcine evaporator concentrates and

spent regenerants and incinerate resins and combustible trash. Incin-

eration of combustible trash (approximately 75 percent 6f the trash

expected to be generated at WBNP is combustible) results in volume

reduction by a factor of approximately 100. Incineration of spent resins

to be produced at WBNP (bead type) results in a volume reduction factor

of at least 5, although that factor may be significantly higher depending

on the type of system eventually purchased for WBNP. For any VRS under

consideration for WBNP, an overall volume reduction factor of 10 will be

realized.. This takes no credit for volume reduction of noncombustible

trash and allows for the additional volume of the solidification agent

that would be mixed with the calcined or incinerated LLRW. This will

significantly extend the expected useful life of the OSF (the OSF will

be designed to store "as-produced" and/or volume-reduced LLR4) such that

it could safely store all of the volume-reduced LLRW generated for the

expected remaining life of WBNP.

The incineration process generates radioactive ash, nonradioactive

combustion gases, and depending on other factors (depleted filters, etc.)

some trace radioactive gaseous products. All waste gas from the

incineration process will be treated for chemical impurities (with scrub

solutions, quench tanks, demisters, etc.) and for radioactivity (with

charcoal or silver zeolite absorbers and HEPA filters) before discharge.
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Volume reduction and solidification systems are an emerging

technology. The design of the VRS will be based on very conservative

assumptions concerning amount and radioactivity of the LLRW. The VRS

will be capable of processing the expected annual quantities of WBNP

LLRW in-no more than 365 hours per month but is designed. to run

continuously. This allows significant operator flexibility and

adequate backup capacity.

Fire Protection - Volume.Reduction Building (VRB)

Fire suppression equipment will be provided to afford manual

fire fighting capability for' the entire VRB. All fires in the VRB

will be fought by the.WBNP fire brigade. Proper respiratory equip-

merit will be provided.

IV. ALTERNATIVE TO THE PROPOSED ACTION

A. No Action

If no action is taken to provide storage of LLRW generated at

WBNP, TVA's ability to operate WBNP will be severely hampered. In

addition, operating costs will increase substantially.

The availability of commercial burial space in the future is

at best uncertain. Accordingly, if no action is taken, the operation

of WBNP would be contingent upon the availability of commercial burial

space. There is also a potential that WBNP's startup schedule could

be adversely impacted by the unavailability of commercial burial space.

At the present time, the current public concerns regarding nuclear

waste disposal makes it unlikely that new LLRW disposal facilities will

be commissioned by private or governmental groups soon enough to prevent

any significant impact on WBNP's generating capacity. Furthermore,

if no action is taken at this time, TVA.would have to consider limiting

-9-

Volume reduction and solidification systems are an emerging 

technology. The design of the VRS will be based on very conservative 

assumptions concerning amount and radioactivity of the LLRW. The VRS 

will be capable of processing the expected annual quarttities of WBNP 

LLRW 1nno more than 365 hours per month but is designed to run 

continuously. This allows significant operator flexibility and 

adequate backup capacity. 

Fire Protection - Vol.ume, Reduction Bttitlding (VRB) 

F1resuppression equipment will be provided to afford manual 

fire fighting capability for' the entire VRB. All fires in the VRB 

will be fought by the WBNP, fire brigade~ Proper respiratory equip-

mentwill be provided. 
. , 

IV. ALTERNATIVE TO THE PROPOSED ACTION 

A. No Action 

If no action is taken to provide storage of LLRW generated at 

WBNP, TVA's ability to operate WBNP ~ill be severely hampered. In 

addition, operating costs will increase substantially. 

The availability of commercial burial space in the future is 

at best unce:rtain. Accordingly, if no action is taken, theoperat10n 

of WBNP'would be contingent upon the availability of commercial burial 

space. There is also a potential that WBNP's startup schedule could 

be adversely impacted by the unavailability of commercial burial space. 

At the present time, the current public concerns regarding nuclear, 

waste disposal makes it unlikely that new LLRW disposal facilities will 

be commissioned by private or governmental groups soon enough to prevent 

any significant impact on WBNP's generating capacity. Furthermore, 

if no action is taken at this time, :rVAwould have to consider limiting 

-9-



or ceasing operation of WBNP very soon after plant startup. Further-

more, halting of power generation at WBNP would still continue to

generate small amounts of LLRW due to plant shutdown and decommissioning

activities.

Delaying taking any action at this time would offer TVA no advantages

in resolving the present and future LLRW storage needs at WBNP; it would

only make the situation that much more difficult when action is mandatory.

There are no foreseeable occurrences which would help alleviate the

situation in the short term that could justify TVA's waiting before

taking any action. Therefore, delaying, action would have the same effect

as no action. TVA's assessment indicates that not taking action or

delaying action could severely curtail future electric power generating

capability at WBNP during aperiod in which use of domestic energy sources

must be maximized. Jeopardization of the operation at WBNP must be

avoided because of the need for power. Therefore, neither the no action

nor delayed action alternative is acceptable.

B. Alternative Designs

The VRS to be installed at WBNP will be one that is now commercially

available. The volume reduction building will be sized to accommodate

any of the commercially available volume reduction/solidification

systems. No significantly improved designs could be formulated, developed,

and manufactured in a time frame that can support TVA's needs. An

alternative VRS design that cannot meet TVA's schedule requirements is

therefore an unacceptable alternative, The particular VRS for use at

WBNP has not been selected. The VRS parameters used for impact evaluation

are conservative and are used to envelope the impacts of this system.

The impacts of the system ultimately selected will be no greater than

those described.
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C. Offsite LLRW Storage

I. Constructing a LLRW Storage Facility at .a Location
Other Than WBNP

This alternative could use the conceptual design developed by

TVA (described above), but the facility would be located at a site

other than the Watts Bar reservation. This alternative would require

varying amounts of transportation of LLRW from WBNP, and although the

rajiological impacts of transportation effects is small, the public

perception of transporting nuclear waste on public roadways is negative.

This alternative would involve significant licensing concerns and could

involve significant landuse impacts at other sites. Finally, there is

no need to construct a LLRW storage facility at a location other than

at WBNP since there are no-significant land-use conflicts at. the WBNP

site, nor would costs be expected to be decreased by this alternative.

2. Constructing a Centralized TVA Volume Reduction

and Long-Term Storake Facility

This alternative would receive "as-produced" LLRW from TVA's

WBNP and other nuclear plants. Presumably, it would be located at

a centralized place within the TVA service region. This alternative

has an advantage in that although'it would involve a significant

siting, design, and construction effort, and incur a large cost, it

would ensure that all of TVA's nuclear plants would not be subject

to external restrictions on commercial burial space.

1. NUREG D404 - DGEIS Handling and Storage of Spent Light Water
Power Reactor Fuel, March 1978.
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This alternative could not be implemented in a time frame.which

would be compatible with TVA's needs at WBNP or its other operating

nuclear plants. Also, this alternative could potentially involve

significant-licensing concerns and would involve the potential for

greater transportation related impacts.

This alternative is unacceptable as an alternative to the

proposed action at WBNP. Implementation of the proposed action, how-

ever, does not preclude the alternative of constructing a centralized

TVA volume reduction and storage facility.

3. Use of Other Existing TVA Structures as Temporary

Storage

An alternative to constructing an OSF would be to use an existing

structure for temporary storage until the availability of commercial

burial space improves. The advantage of this is significant cost

savings (approximately $25 million) would result if the OSF did not have

to be constructed. Candidates for such storage space could be other

TVA nuclear plant sites, especially Phipps Bend Nuclear Plant near

Rogersville, Tennessee (approximately 130 miles northeast of WBNP),

and Bellefonte Nuclear Plant near Scottsboro, Alabama (approximately

90 miles southwest of WBNP).

Adequate storage space could not be arranged in this manner

without seriously.impacting the construction/operation of the "host"

nuclear facility. It appears that this would be unacceptable from

licensing (indications-are that the NRC would disallow such a plan),

health and safety (increased dose levels on the "host" site to

construction and/or operating personnel), and construction (it is

unacceptable to delay construction of the "host" nuclear plant for the
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purposes of temporary storage because of the concomitant delay in

additional electric generating capacity that will be needed in this

region in the future)-standpoints.

This alternative would also involve increased potential for

transportation related impacts.

4. Use of an OSF at Another TVA Plant

The LLRW from WBNP could be shipped to another OSF which has been

proposed to be built at the Sequoyah Nuclear Plant (SQNP). This would

require the maximum amount of LLRW storage at SQNP to be built and LLRW

generated at WBNP would be routinely transported to the OSF at SQNP. This

would delay the construction of the OSF at WBNP long enough so that it

may be unnecessary, assuming that sometime in the future other LLRW disposal

sites are built by other sectors. Implementation of the alternative would

save approximately $25 million. Delaying construction time of the OSF at

tJBNP and transporting the LLRW to SQNP would also allow better planning

for future LLRW management.

This alternative would involve extensive transportation resulting

in the same problems as mentioned in the offsite centralized storage

alternative.

It would put an additional burden on the LLRW handling

operations at SQNP and might increase the personnel exposure

levels at SQNP.

5. Offsite Centralized Disposal

This facility could be patterned after existing low-level radio-
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active waste disposal facilities such as the Barnwell facility. One

facility would be opened to dispose of the low-level radioactive waste

from all TVA nuclear plants. The facility would cover about 300 acres

of which about 50 acres would be used for the actual disposal operations.

The alternative involves extensive transportation resulting in the same

problems as mentioned in the offsite centralized storage alternative.

Disposal facility operators have attempted to open new disposal facilities

in the recent past, but were unsuccessful due to regulatory problems and

Public opposition. There is currentlyonly minimal guidance from the

NRC in the form of draft regulations. The time necessary to evaluate,

license, and construct a new disposal facility is optimistically estimated

at about six years. Uncertainties associated with this process and the

time needed to have the facility available preclude selection of the offsite

centralized disposal option. This proposal does not preclude utilization

of this option at a later time.

V. ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION

A. Construction Related Impacts

Construction impacts associated with this project include fugitive

dust, gaseous emissions, siltation, noise, socioeconomic, and potential

impact on existing structures at WBNP. Construction of the first OSF

modules is expected to commence in mid July of 1980.. Present

planning schedules indicate that the first LLRW storage module will be

available by June 1981, with the remaining modules to be completed by

December 1982. As presently conceived, construction of the volume reduc-,

tion building will commence in late 1981 and require approximately 36

months to complete.
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Air Quality

The construction activities associated with the new VRS building

and radwaste storage facilities will result in some temporary degradation

of local air quality. Air pollutants generated from this activity will

primarily include (1) fugitive particulate emissions from various

activities, including the cleaning:of steel and concrete, drilling, paint-

ing, and mixing concrete (in a batch plant); (2) fugitive dust from earth

excavation and grading; (3) particulate emissions from the open burning of

small amounts of wood scraps; and,(4) small amounts of particulate, hydro-

carbon (HC), nitrogen oxide (NOx) and carbon monoxide (CO) emissions from
X

fossil-fueled construction and construction employee vehicles.

The construction site mitigation program will consist of fugitive

dust suppression, by methods such as water sprinkling, which will substan-

tially reduce fugitive dust. Open burning will be conducted in accordance

with all applicable Federal, State, and local regulatory requirements; in

addition, no open burning will be conducted during an air stagnation advisory

or special dispersion statement issued by the National Weather Service.

Concrete production during construction of the OSF and the VRS will

3be approximately 50 yds per hour from the existing onsite concrete batch

plant. Emissions from the concrete batch plant will be controlled through

the use of bag house filters.

Land-Use Impacts

The construction and operation of the OSF as currently conceived

will require approximately 15 acres of land, all within• the Watts Bar

reservation boundary. The proposed action involves no offsite land-use

conflicts. The proposed action is compatible with future land-use plans

within the Watts Bar reservation for the nuclear plant and its support

facilities.
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Siltation

During construction of this facility, construction runoff will. be

drained in a manner that will prevent erosion and minimize the amount

of sediment reaching local bodies of water. Control of construction

runoff will be in accordance with the practices developed by the

Environmental Protection Agency (EPA) pursuant to the Clean Water Act

(Guidelines for Erosion and Sediment Control Planning and Implemen-

tation, EPA Environmental Protection Technological Series--EPA-R2-72-015,

August 1972 ). Applicable requirements designed to prevent pollution from

this construction activity will be met. The NPDES permit for WBNP will be

modified, and other actions will be taken as necessary to cover the

construction related runoff from the proposed action. With these pre-

cautions, construction activities are not expected to have a significant

impact on water quality or aquatic communities.

Noise

The usual sources of noise associated with construction activity

will be present. However, these impacts are expected to be minor and

limited to the site area.

Sanitary Waste

Sanitary wastes generated during construction will be handled in

accordance with applicable Federal, State, and local regulations.

During the construction period, portable chemical toilets will be

provided for use.by construction personnel.
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Solid Waste

There will be a small amount of solid waste generated due to the

construction of the OSF and VRS. Solid wastes generated during

construction will be handled in accordance with applicable Federal,

state, and local regulations.

Cultural

A cultural resource survey has been conducted and no resources

were encountered that are either on or eligible for the National

Register. A survey report is currently being written and will be

coordinated with the State Historic Preservation Officer.

Endangered or Threatened Species

No known population of endangered, threatened, or otherwise sensi-

tive species will be impacted by the development of the proposed project.

Floodplains/Wetlands

The site for the proposed action is not located in a floodplain

nor is it expected to directly or indirectly support or encourage

floodplain development. There are no wetlands which will be affected

by the project. Therefore, the proposed action is in compliance with

TVA policies on floodplain management and wetland protection.

Socioeconomic

The proposed action will require a significant construction effort

in view of the urgency of the situation, if the OSF and volume reduction

building (VRB) were to be constructed independently (approximately

400-500 construction people would be required). However, two factors

will reduce the work force requirements. First, the construction

schedules of the two structures will overlap somewhat, and available
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Solid Waste 
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manpower could be transferred from one construction site to the

other as the need arises. Secondly, there is now and will continue to

be significant ongoing construction at Watts Bar, and there is manpower

available in the area to fill the construction and labor skill require-

ments for the OSF and VRB. No-significant impact to the neighboring

communities' school systems, sewer systems, traffic patterns, health

services, etc., are expected to result from this construction activity

although there will be a small increase in the population of the area.

Effects on Work Force

Measures will be taken in constructing both the OSF and VRB to

minimize the construction force's exposure to radiation from the

operation of WBNP. The Radiological Emergency Plan for WBNP will be

modified as necessary to provide appropriate responses of the construc-

tion force to any emergency that may arise at the nuclear plant.

B. Operation of the VRS and OSF

The VRS is sized to process the expected volumes of LLRW in

365 hours per month. It is expected that the VRS will be operated

for greater periods of time due to processing accumulated LLRW in

the OSF, lost time due to maintenance, operator training, etc.

It is expected that the OSF will be operated (i.e., placing LLRW

into storage) for 4 hours per day, 5 days a week.

Air Quality

The WBNP is located in Rhea County, Tennessee. A portion of

Roane County, Tennessee, within the city of Rockwood (about.32 km

north-northeast of the site), is designated nonattainment with respect

to the secondary National Ambient Air Quality Standards (NAAQS) for

total suspended particulates (TSP). The remaining area within 35 km
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of the WBNPis designated a Class II, prevention of significant

deterioration (PSD) area for SO and TSP. This remaining area is
2

also in attainment with respect to the NAAQS for all EPA-regulated

pollutants.

Table I gives quantitative information on the nonradiological

regulated air pollutants that will be emitted by the VRS incinerator.

The annual emission rates given in Table 1 are believed to represent

the maximum potential rates for each pollutant, with emission controls

on SO2 and particulates. In addition, the Table I values represent

the worst-case emissions (incineration with an oil-fired incinerator)

for any VRS design ultimately selected for installation at the WSNP.

Based on the expected maximum annual air pollutant emission rate

estimates, the VRS should have an insignificant impact on air quality

and is not expected to be required to undergo PSD review. Operation

of the WBNP VRS incinerator is also not expected to have a significant

impact on ambient TSP concentrations in the Rockwood TSP nonattain-

meat area.

Operation of the OSF will not produce any nonradiological air

pollutants and, therefore, will not affect ambient air quality. However,

there will be insignificant amounts of exhaust from vehicles transporting

radwaste from the VRS to the OSF.

Water Quality

The operation of the OSF will not result in a unmonitored liquid

releas. during normal or emergency conditions (i.e., fire). Liquids

resulting from operation or fire fighting will be collected, monitored,

and disposed of in accordance with established plant disposal procedures.
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TABLE I

MAXIMUM POTENTIAL INCINERATOR EMISSIONSa

Air Pollutant Emission Rate (tpy)b

Sulfur dioxideC

Nitrogen oxides 1 3d

Particulatese

Carbon monoxide 7f'g

Hydrocarbons 6 gh

a. Assumes continuous operation at maximum capacity. Maximum charging
capacity.of incinerator is assumed to be 160 lb of solid waste per
hour (this capacity is needed so that 350 tons of WBNP-waste can be
incinerated each year with the incinerator operating 365 hours per
month).

b. Emission factors for particulates, CO, and HC were taken from "Compilation
of Air Pollutant Emission Factors," Third Edition, Publication No. AP-42,,
U.S. Environmental Protection Agency, Research Triangle Park, North
Carolina, May 1978.

c. Emission rate of 2.2 lbs/yr is calculated. Assumes an uncontrolled
emission rate of 10 lb/hr, and a removal efficiency of 99.9975 percent
(decontamination factor of 4 x 104).

d. Assumes an uncontrolled emission rate of 3 lb/hr.

e. Emission rate of 0.1 lb/yr is calculated. Assumes a particulate emission
factor of 15 lb'per ton of waste incinerated and a r moval efficiency,
of 99.9975 percent (decontamination factor of 4 x 10, based on preliminary
vendor information).

f. Assumes an uncontrolled CO emission factor of 20 lb. per ton of waste
incinerated.

g. An incinerator having a high ambient air feed rate and thorough furnace
mixing would emit substantially lower quantities of this pollutant.

h. Assumes an uncontrolled HC emission factor of 15 lb. per ton of waste
incinerated.
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Sanitary facilities will be provided in the OSF gatehouse, but

the liquids will be treated either by piping. them directly to the

existing sanitary system at WBNP or by installing a smaLL subsurface

sanitary waste treatment system dedicated to the OSF. Thesmall flows

expected from the OSF sanitary facilities (normal occurancy-two people)

would not impact operation of WBNP's sanitary waste treatment system.

Subsurface treatment of OSF sanitary waste would not result in the

discharge-of a liquid effluent.

.No NPDES permit or permit modification is required for operation

of the OSF.

The operation of the VRS may result in small amounts of drainage,

whic!%.will be collected in sumps in the.VRB. These liquids will

be pumped back to the existing liquid radwaste treatment facilities at

WBNP. All liquids collected in the VRB sump(s) will be considered as

radioactive and transferred to the existing WBNP liquid radwaste system

for treatment. Addition of the VRB will not result in an additional NPDES

serial discharge point. The EPA will be notified of the additional input

to the liquid radwaste system and corresponding increases in the amount

of liquids discharged from WBNP liquid radwaste system NPDES serial

discharge point.

Noise

Noise impacts on3iteor offsite from the operation of the OSF and

VRS will be minimal ard should not have any significant impact to the

site area.
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Solid Waste Management

The Resource Conservation and Recovery Act of 1976 (RCRA) specifi-

cally excludes nuclear material regulated under the Atomic Energy Act

of 1954, as amended (which covers LLRW). Because the operation of the

VRS or OSF will result in no significant additional amounts of solid

waste to be handled, other than LLRW, the proposed action does not have

solid Waste management impacts associated with it. Should -solid and

hazardous wastes other than LLRW be generated, they would be managed in

accordance with applicable EPA regulations for solid and hazardous wastes.

Radiological Impacts

An assessment of the potential radiological impacts of operating a

VRS and an OSF has been performed. Site-specific data on receptor

locations, meteorology, and river flow were used. For the storage of

about 1450 Ci/yr of LLRW, annual doses to potential receptors due to

postulated leachate spillage from the OSF are estimated to be less than

0.3 mrem/yr (liver) and doses due to direct radiation less than about

3.0 mrem/yr (whole body). The highest estimated annual dose due to the

operation of the VRS is 0.7 mrem/yr to the whole body. The resultant

doses considering the operation of WBNP, OSF, and VRS are well within

the guidelines of 10 CFR Part 50, Appendix I, and the limits of

40 CFR Part 190. Appropriate measures will be taken for the VRS and

OSF to maintain exposures to onsite personnel to levels which are as

low as reasonably achievable (ALARA). Should there be a fire at the

OSF involving one section of a storage module, resultant doses to a

member of the public located at the proposed waste heat park facilities

would be within the dose criteria given in 10 CFR Part 20.
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Transportation of the LLRW from WBNP proper to the OSF does not

require that the transfer truck (standard tractor-trailer rig) travel

on public roads.

Transportation related radiological-impacts associated with the

proposed action are extremely minimal since the LLRW is in a solid form

when it leaves the waste packaging area to be transported to the OSF.

The worst-case accident associated with the proposed action would be a

.drop or rupture of a full resin liner. The incident could at worst

3cause a release of approximately 150 ft ofa radioactive slurry.

Environmental impacts would be limited to a local'decontamination

.. problem and a small increase in occupational exposure to workers

involved in cleanup operations. No offsite contamination could result

nor would there be a release to navigable waters. Environmental impacts

would be limited to a local decontamination problem and a very small

increase in exposure to any bystanders.

Licensing Impacts

..Implementation of the proposed action would have several minor

licensing implications.

Installation of the OSF and VRS would require a technical specifi-

cation change or a slight modification of the operating license for

WBNP. Preliminary discussions with the NRC indicate that the requisite

licensing changes-can be made within TVA's schedule requirements.

Operation of the OSF and VRS should not require an NPDES permit or

permit modification. However, a notification of change in the existing

permit would be necessary. Construction of the facilities would not

require modifications of the NPDES permit unless construction runoff

discharge points are different from those identified in the current
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permit for WBNP. Modification and/or notification of a change in the

existing NPDES permit will be made as necessary and are expected

to be completed within TVA's present schedule requirements.

The WBN? is not considered a major source (annual emissions of

100 tons or more) for any air pollutant, and it is not expected to

become a major source with the addition of the VRS incinerator. How-

ever, a new air quality permit will be required before construction

and0operation of the VRS. The permit application will be submitted

directly to the Tennessee T1ivision of Air Pollution Control. Permitting

of the VRS is not expected to affect any 'Of the existing air quality

permits that have been issued for the WBNP.

Finally, the radiological emergency plans for WBNP would require

modification to accomodate the additional numbers of construction

personnel onsite as well as to include any responses to emergencies

caused by operation of the VRS or OSF.

VT. UNAVOIDABLE ADVERSE F.NVIRONMENTAL IMPACTS

There are no significant environmental impacts associated

with the construction and operation of the VRS and OSF. A small amount

of erosion, noise, siltation, or gaseous and particulate pollutants will

result from construction activities, and small amounts of radioactive

and nonradioactive PaspouA emissions will occur during operation of the

VRS and OSF. No significant cumulative impacts have been identified.

VII. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

Irreversible and irretrievable commitments of resources will

include fuel oils involved in the construction of the proposed

facilities alon% with mAterials used for the construction of the

OSF and VRB.
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VTII, CONCLUSION

The proposed LLRW management plan, including construction

of a permanent onsice LLRW storage facility and installation of a

volume reduction and.solidification.system',does not constitute a

major Federal action significantly affecting the quality.of the human

environment. Therefore, preparation of an environmental impact

statement is not required. The. proposed action has been determined

to be in compliance with TVA policies on floodplain management and

•wetland protection..
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DESCRIPTION OF MULTIPORT DIFFUSER SYSTEM

WATTS BAR NUCLEAR PLANT

INTRODUCTION

The Tennessee Valley Authority is constructing a two-unit nuclear

generating plant in Rhea County, Tennessee, on the right bank of Chickamauga

Lake adjacent to the Watts Bar Dam Reservation near Tennessee River Mile

(TRM) 528 (Figure 1). One closed cycle, natural draft cooling tower per unit

is utilized as the primary means of heat dissipation. Blowdown will be dis-

charged at a rate of between 28.3 and 32.5 cubic feet per second (cfs) from

each cooling tower basin so as to maintain the concentration of solids in the

cooling towers at approximately twice that found in the Tennessee River. Since

the blowdown cannot be continuously discharged during periods of no releases

from Watts Bar Dam without violating applicable thermal standards, blowdown

can be discharged into a holding pond of approximately 190 acre-feet capacity

during these periods. When sufficient water is released from Watts Bar Dam,

blowdown may be again discharged to the river. This occurs at the minimum

release from Watts Bar Hydro Plant of 3500 cfs. In addition, blowdown from

the holding pond can be discharged to the river at a rate of approximately

60 cfs.

This report presents the results of hydrothermal physical model

tests of the plant's multiport diffuser system. The diffuser system is

described and the analytical theory used for the diffuser design is given and

compared to the results of the physical model tests. Conclusions concerning the

performance of the diffuser and the size of the area of diffuser-induced mixing
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are given. Previous studies resulted in the choice of a diffuser system

oriented perpendicularly to the river flow (Reference 1). Additional hydro-

thermal physical model tests were conducted as part of these studies

(Reference 2).
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DIFFUSER DESIGN

Diffuser Dimensions and Geometry

A physical description of the recommended diffuser system is given

in Table I and depicted in Figure 2. The diffuser system will consist of

two pipes branching from a central conduit at the right bank of Chickamauga

Lake and extending in a direction perpendicular to the river flow into the

Tennessee River. Each pipe will be controlled by a 54-inch diameter butterfly

valve, located a short distance from the wye with the central conduit.

The downstream leg will consist of approximately 297 feet of 4.5-

foot diameter paved corrugated steel approach pipe connected to 150 feet of

unpaved 1- x 3-inch corrugated steel diffuser pipe of the same diameter. The

diffuser pipe section will be half buried in the river bottom and will contain

two 1-inch diameter port per corrugation. The centroid of the ports will be

oriented at an angle of 450 from the horizontal in a downstream direction.

The upstream leg will consist of approximately 447 feet of 3.5-

foot diameter paved corrugated steel approach pipe connected to 75 feet of

unpaved 1- x 3-inch corrugated steel diffuser pipe of the same diameter. The

upstream diffuser pipe section will also be half buried in the river bottom

and will extend its entire length of 75 feet beyond the dead end of the down-

stream diffuser pipe section. The port diameter, spacing and orientation of

the upstream leg will be the same as that of the downstream leg.

-3-

DIFFUSER DESIGN 

Diffuser Dimensions and Geometry 

A physical description of the recommended diffuser system is given 

in Table 1 and depicted in Figure 2. The diffuser system will consist of 

two pipes branching from a central conduit at the right bank of Chickamauga 

Lake and extending in a direction perpendicular to the river flow into the 

Tennessee River. Each pipe will be controlled by a 54-inch diameter butterfly 

valve, located a short distance from the wye with the central conduit. 

The downstream leg will consist of approximately 297 feet of 4.5-

foot diameter paved corrugated steel approach pipe connected to 150 feet of 

unpaved 1- x 3-inch corrugated steel diffuser pipe of the same diameter. The 

diffuser pipe section will be half buried in the river bottom and will contain 

two l-inch diameter port per corrugation. The centroid of the ports will be 

oriented at an angle of 450 from the horizontal in a downstream direction. 

The upstream leg will consist of approximately 447 feet of 3.5-

foot diameter paved corrugated steel approach pipe connected to 75 feet of 

unpaved 1- x 3-inch corrugated steel diffuser pipe of the same diameter. The 

upstream diffuser pipe section will also be half buried in the river bottom 

and will extend its entire length of 75 feet beyond the dead end of the down

stream diffuser pipe section. The port diameter, spacing and orientation of 

the upstream leg will be the same as that of the downstream leg. 

-3-



Diffuser Location

The location of the diffuser system is shown in Figure 3. Both the

upstream and downstream legs are located beneath the navigation channel, as

indicated by buoy markers on Figure 3. The location of the diffuser was

chosen so that the depth of water above the diffuser will be sufficient to

allow for the safe passage of barges.

Operational Modes and Characteristics

Modes of Operation

A mode of operation for the diffuser system is defined as any one

of the possible combinations of diffuser pipe sections which may discharge

blowdown under particular circumstances. Thus, for the Watts Bar Nuclear

Plant diffuser system, the first mode consists of only the upstream leg dis-

charging blowdown, the second mode consists of only the downstream leg dis-

charging blowdown, and the third mode consists of both the upstream and down-

stream legs discharging blowdown. Mode 1 is used when either unit 1 or unit 2

is operated alone. Mode 2 is used when only both units are operated simulta-

neously or when only stored blowdown is discharged from the holding pond.

Mode 3 is used when either or both of the units is operated at the same time

as stored blowdown is discharged from the holding pond. Table 2 summarizes

the minimum and maximum blowdown flow rates that can be expected for each mode.

Operational Characteristics

The operational characteristics for the minimum and maximum flows

of each mode are summarized in Table 3. The average jet exit velocity, approach

pipe velocity and the required head at three locations in the pipe are presented.
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Table 3 shows that the average jet exit velocity varies from 8.6 to 12.7

feet per second (fps) for all the operational modes, which will provide

ample mixing.

Analysis of Diffuser Performance

An analytical expression for the dilution induced by a submerged

slot diffuser in shallow water was developed by Adams (Reference 3):

S 1/2(V sin y + (V2 sin2y + 2L cos e)1/2) (1)

where S = dilution

entrained river flow + diffuser flow
diffuser flow

uah QRL
V= - - volume flux ratioUoB Q~w

uo BQB

u a = average river velocity across diffuser

u= jet exit velocity

h = average river depth

B = slot width

QR = river flow at diffuser site = uawh

QB - diffuser flow = UoLB

L = diffuser length

w = average river width

y = orientation angle of diffuser in river (y = 900;
perpendicular to river flow)

0 = discharge angle from river bottom (e = 00; parallel
to river bottom)
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This theory is applicable as long as L/H > 5. Table 4 shows the

values of these parameters for the Watts Bar Nuclear Plant diffusers.

Equation 1 is applicable because L/H = 10. The predicted dilution of the

Watts Bar diffuser system is 17 at a minimum Tennessee River flow of 3500 cfs.

The two dimensional structure of the discharge plume was predicted

using the method of Jirka which is based on the theory of Adams (Reference 4).

Full vertical mixing of the discharge plume and the receiving water was

predicted for the following criterion:

FT V3/2 > 1.0

where

F s = diffuser load

F = slot densimetric Froude number
S

= u0

g' = (Po-Pa)g
Pa

Po = density of discharge

pa = density of ambient river water

g = gravitational constant

In general, stratified conditions downstream of the discharge were predicted

when this criterion was not met. For the Watts Bar Nuclear Plant diffuser

system, the variety of discharge conditions can result in either fully mixed

or stratified conditions downstream of the discharge.
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MODEL DESCRIPTION

Because the theory used to predict the dilution of the diffuser

system was two-dimensional, the final design of the diffuser was evaluated

in hydrothermal model studies, where three-dimensional effects were simulated.

A detailed description of the physical model is presented in Reference 2 and

is sunmnarized herein. The physical model studies were conducted according to

geometric, kinematic and Froude scaling criteria in the 8-foot wide, 60-foot

long flume at TVA's Engineering Laboratory in Norris, Tennessee. An undis-

torted model (length/scale ratio 1:60) of approximately 45 percent of the

1100-foot wide river was constructed because of the limited width of the flume.

Figure 4 shows that the section of the river modeled was the area of practical

interest on the plant side of the river. Because the river exhibited a fairly

rectangular cross-section, only a general schematization of the river geometry

was necessary (Figure 5). The use of a false wooden floor in the flume eliminated

the need for insulation of the bottom of the flume. The equivalent of a river

flow (QR) of 3500 cfs was used in the model studies, which was the minimum river

flow during which blowdown from the plant would be discharged (Reference 1).

Submerged multiport diffusers were modeled using the concept of an

equivalent slot width. A series of submerged discharge ports were assumed to

be equivalent to a submerged slot of equal length and port area, provided the

port spacing was less than the water depth. Diffuser jets discharged at a

prototype velocity of 9.5-15.1 fps. The effect of the buoyancy of the discharge

was modeled using heat as the source of density differences between the discharge

and receiving water body. Density differences between the discharge and the

receiving water corresponding to temperature differences of -50C to 250C were

-7-

MODEL DESCRIPTION 

Because the theory used to predict the dilution of the diffuser 

system was two-dimensional, the final design of the diffuser was evaluated 

in hydrothermal model studies, where three-dimensional effects were simulated. 

A detailed description of the physical model is presented in Reference 2 and 

is summarized herein. The physical model studies were conducted according to 

geometric, kinematic and Froude scaling criteria in the 8-foot wide, 60-foot 

long flume at TVA's Engineering laboratory in Norris, Tennessee. An undis

torted model (length/scale ratio 1:60) of approximately 45 percent of the 

1100-foot wide river was constructed because of the limited width of the flume. 

Figure 4 shows that the section of the river modeled was the area of practical 

interest on the plant side of the river. Because the river exhibited a fairly 

rectangular cross-section, only a general schematization of the river geometry 

was necessary (Figure 5). The use of a false wooden floor in the flume eliminated 

the need for insulation of the bottom of the flume. The equivalent of a river 

flow (QR) of 3500 cfs was used in the model studies, which was the minimum river 

flow during which blowdown from the plant would be discharged (Reference 1). 

Submerged multipart diffusers were modeled using the concept of an 

equivalent slot width. A series of submerged discharge ports were assumed to 

be equivalent to a submerged slot of equal length and port area, provided the 

port spacing was less than the water depth. Diffuser jets discharged at a 

prototype velocity of 9.5-15.1 fps. The effect of the buoyancy of the discharge 

was modeled using heat as the source of density differences between the discharge 

and receiving water body. Density differences between the discharge and the 

receiving water corresponding to temperature differences of _50C to 250C were 

-7-



tested. These density differences were characterized by the parameter g',

which was defined earlier. The density of the discharge can be less than the

receiving water at the Watts Bar plant site because of the concentration of

dissolved solids in the blowdown compared to the river and because of the

quicker response of natural draft cooling towers to cooler ambient air

temperatures in the autumn months compared to the response of the river at the

plant site.
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TEST RESULTS

Data Interpretation

Test results for the Watts Bar Nuclear Plant diffuser system are

presented in Figures 6-11. Results are presented in the form of discharge

concentration isoquants at prototype water depths of 5 and 12 feet.

Comparison of concentration plots for tests of the same river and

diffuser flow, discharge buoyancy and geometry indicated that plume structure

was generally reproducable. Plume areas, discharge concentrations and other

quantifiable data were always of the same order of magnitude for each replicate

test but differed substantially enough that the use of such data was justifi-

able only in a comparative order of magnitude analysis. These variations were

probably caused by the stochastic nature of turbulent mixing and the low density

and slow scanning rate of the temperature probes compared to the length scales

and frequency of turbulent mixing.

Comparison of concentration plots for tests of the same equivalent

slot diffuser composed of different port diameter and spacings indicated good

agreement. Some tests with large diffuser flow rates showed the effects of

boundary layers on the mid-river boundary of the model. Concentration data in

these areas were interpreted with caution because viscosity is not scaled

correctly in models developed according to Froude scaling criteria; however,

these effects were apparent outside areas of jet-induced mixing and did not

affect overall results.

-9-

TEST RESULTS 

Data Interpretation 

Test results for the Watts Bar Nuclear Plant diffuser system are 

presented in Figures 6-11. Results are presented in the form of discharge 

concentration isoquants at prototype water depths of 5 and 12 feet. 

Comparison of concentration plots for tests of the same river and 

diffuser flow, discharge buoyancy and geometry indicated that plume structure 

was generally reproducab1e. Plume areas, discharge concentrations and other 

quantifiable data were always of the same order of magnitude for each replicate 

test but differed substantially enough that the use of such data was justifi

able only in a comparative order of magnitude analysis. These variations were 

probably caused by the stochastic nature of turbulent mixing and the low density 

and slow scanning rate of the temperature probes compared to the length scales 

and frequency of turbulent mixing. 

Comparison of concentration plots for tests of the same equivalent 

slot diffuser composed of different port diameter and spacings indicated good 

agreement. Some tests with large diffuser flow rates showed the effects of 

boundary layers on the mid-river boundary of the model. Concentration data in 

these areas were interpreted with caution because viscosity is not scaled 

correctly in models developed according to Froude scaling criteria; however, 

these effects were apparent outside areas of jet-induced mixing and did not 

affect overall results. 

-9-



Diffuser-Induced Dilution and Plume Structure

Maximum Diffuser Length

Figures 6 through 8 show diffuser discharge concentration plots

for the test values of diffuser design parameters given in Table 4. The

concentration plots are shown for a diffuser length of 194 feet and three

discharge buoyancies: g' = -0.05, 0.05 and 0.20. For g' = -0.05, the

negatively buoyant case, the discharge plume was fully mixed over the depth

and did not concentrate near the right bank (Figure 6). This showed that a

negatively buoyant discharge acting in the opposite direction of vertical

jet momentum increased dilution. For g' = 0.05, the discharge buoyancy was

slightly positive (Figure 7). High concentration measurements particularly

near the bottom boundary of the model indicated that warmer water was retained

in the boundary layers because of the greater effect of viscosity in the model

as compared to the prototype. At the five-foot depth, Figure 7 shows the

entrainment of cooler ambient river water by the diffuser and the contraction

of the mixed diffuser flow downstream mentioned by Adams (References 3 and 4).

For g' = 0.20, the discharge plume was mixed over the depth, but tended to

concentrate near the surface because of the high discharge buoyancy (Figure 8).

Boundary effects were evident, particularly at the 12-foot depth, but the dis-

charge plume did not concentrate near the right bank.

A diffuser-induced dilution of 13 was predicted by Equation 1 for

the test results in Figures 6-8 (Table 4). This corresponded to a discharge

concentration of 0.08. Figures 6-8 show that discharge concentrations one dif-

fuser length downstream along the longitudinal centerline of the diffuser were equal
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to or less than 0.08. The discharge plume was predicted to be fully mixed

over the depth for g' = ±0.05, and to be stratified outside the area of diffuser-

induced mixing for g' = 0.20. Figures 6-8 show that the plume structure for

these tests was fairly well predicted.

Minimum Diffuser Length

Figures 9 through 11 show discharge concentration plots for a dif-

fuser length of 102 feet and the same discharge buoyancies evaluated previously.

For g' = -0.05, the discharge plume was fairly well mixed over the entire depth

and did not concentrate near the right bank (Figure 9). For g' = 0.05, the

discharge plume was fully mixed over the entire depth (Figure 10). Boundary

layer effects were evident, particularly at the 12-foot depth, and were caused

by the greater effect of viscosity in the model. For g' = 0.20, the discharge

plume became stratified outside of the area of diffuser-induced mixing and did

not concentrate near the right bank (Figure 11). In Figures 9-11 boundary

layer and viscosity effects were not as important because of the smaller ratio

of diffuser length to modeled river width as compared to Figures 6-8.

A diffuser-induced dilution of 13 was predicted by Equation I for the

test results in Figures 9-11 (Table 4). This corresponded to a discharge con-

centration of 0.08 (Table 4). Figures 9-11 show that discharge concentrations

one diffuser length downstream along the longitudinal centerline of the dif-

fuser were equal to or less than 0.08. The discharge plume was predicted to

be fully mixed over the depth for g' = ±0.05 and to be stratified outside the

area of diffuser-induced mixing for g' = 0.20. Figures 9-11 show that the

plume structure for these tests was well predicted.
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APPLICATION OF TEST RESULTS

As noted previously, guaLrtjifJ.ýe data from replicate tests

differed substanti-ally-eno-ugh. that. the.use.0..of such data was. justifiable only

iona..compara.ti.ve...order of magnitude analysis. Comparison of predicted dilu-

tions for the model diffuser using the two-dimensional theory of Adams and

measured dilutions for the model diffuser showed reasonable agreement for

both the 194-foot and 102-foot diffuser lengths. This agreement indicated

that the mixing from a submerged slot diffuser in shallow water was primarily

a two-dimensional phenomenon and the resulting dilution could be reasonably

predicted by a two-dimensional theory. Because the predicted dilutions based

on the two-dimensional theory of Adams never overestimated the measured dilu-

tions in the model, the two-dimensional theory of Adams can be used to con-

servatively predict the performance of the multiport diffuser system at the

Watts Bar Nuclear Plant.

A comparison of design and test values of diffuser design parameters

is given in Table 4. Average river velocity and discharge velocity were larger

in the model compared to the prototype diffuser, while river depth and the

maximum diffuser length were smaller. Values of other parameters in the model

and the prototype were in close agreement. Table 4 shows that the theory of

Adams predicts a dilution of 17 for the actual diffuser design and a dilution

of 13 for the diffuser model at a minimum Tennessee River flow of 3500 cfs.

Figures 6-11 show reasonable agreement between predicted and measured values

of dilution for the diffuser model. Therefore, the actual multiport diffuser

system at the Watts Bar Nuclear Plant should achieve a dilution of approximately

17 when either the upstream, downstream or both legs of the diffuser system are

in operation at a minimum Tennessee River flow of 3500 cfs.
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The results of the hydrothermal model tests indicated that concen-

tration of the discharge near the right bank did not occur. In addition, the

discharge plume did not form a thermal wedge upstream of the diffuser even at

the highest discharge buoyancy. TJe.,tendency of the discharge plume in the

model to -mfoirm.vertic•,.mixed-,conditions downstream .of the.*diffuser was well

pr@dictedbythe theory of Adams. Similar plume structure is predicted for

the actual diffuser design.

Mixing Zone

The results of the model tests showed that the expected diffuser-

induced dilution was achieved approximately one .diffuser length downstream.

Thus the area of diffuser-induced mixing extends approximately 150 feet down-

stream when the downstream leg of the diffuser system is discharging; approxi-

mately 75 feet downstream when the upstream leg of the diffuser system is dis-

charging; and 225 feet downstream when both legs of the diffuser system are

discharging. The proposed mixing zone should encompass all of these modes of
operation and should extend 225 feet downstream over the entire river depth

and.d..iffuser system width (225 feet).
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TABLE 1

DIMENSIONS OF RECOMMENDED DIFFUSERS

WATTS BAR NUCLEAR PLANT

Upstream Downstream Total
Leg Leg

Diffuser
Pipe Length (ft) 75.0 150.0 225.0
(unpaved 1- x 3-inch
corrugated steel pipe)

Pipe Diameter (ft) 3.5 4.5

Port Diameter (in) 1.0 1.0

Number of Ports 2 2
Per Corrugation

Port Spacing Normal 3.0 3.0
to Corrugation (in)

Port Spacing Parallel 3.0 3.0
to Corrugation (in)

Friction Factor 0.0948 0.0841

Approach Pipe

Pipe Length (ft) 447.0 297.0 474.0
(paved corrugated
steel pipe)

Pipe Diameter (ft) 3.5 4.5

Friction Factor 0.0O191 0.0148

TABLE 1 

DIMENSIONS OF RECOMMENDED DIFFUSERS 
WATTS BAR NUCLEAR PLANT 

Upstream Dm'lns tream Total 
Leg Leg 

Diffuser 
Pipe Length (ft) 75.,0 150.0 225.0 
(unpaved 1- x 3-inch 
corrugated steel pipe) 

Pipe Diameter (ft) 3.5 4.5 

Port Diameter (; n) 1.0 1.0 

Number of Ports 2 2 
Per Corrugation 

Port Spacing Normal 3.0 3.0 
to Corrugation (in) 

Port Spacing Parallel 3.0 3.0 
to Corrugation (in) 

Friction Factor 0.0948 0.0841 

Approach Pipe 

Pipe Length (ft) 447.0 297.0 474.0 
(paved corrugated 
steel pipe) 

Pipe Diameter (ft) 3.5 4.5 

Friction Factor 0.0191 0.0148 



TABLE 2

SUVMARY OF MODES OF OPERATION

BLOWDOWN DIFFUSER SYSTEM

WATTS BAR NUCLEAR PLANT

Distribution of Flow
Diffuser System

Flow Rate
Minimum Maximum

(cfs) (cfs)

Minimum
Upstream Downstream

Leg Leg
(cfs) (cfs)

Maximum
Upstream Downstream

Mode of Operation

1 One Unit only

2 Two Units only or
Holding Pond Discharge only

3 Either or Both Units +
Holding Pond Discharge

Leg
(cfs)

32.5

Leg
(cfs)

28.3

56.6

88.5

32.5

65.1

125.3

28.3

56.6

59.4

65.1

84.129.1 41.2

Blowdown Rate per unit:
Holding Pond Discharge Rate:

28.3 - 32.5 cfs
60.2 cfs

Mode of Operation 

1 One Unit only 

2 Two Units only or 
Holding Pond Discharge only 

3 Either or Both Units + 
Holding Pond Discharge 

TABLE 2 

SUf<iMARY OF ~10DES OF OPERATION 

BLOWDOWN DIFFUSER SYSTEM 
WATTS BAR NUCLEAR PLANT 

Distribution of Flow 
Diffuser System Minimum Maximum 

Flow Rate Upstream Downstream Upstream Downstream 
Minimum Maximum 

(cfs) (cfs) 
Leg leg Leg Leg 

(cfs) (cfs) (cfs) (cfs) 

28.3 32.5 28.3 32.5 

56.6 65.1 56.6 65.1 

88.5 125.3 29.1 59.4 41.2 84.1 

B1o\,/down Rate per uni t: 28.3 - 32.5 cfs 
Holding Pond Discharge Rate: 60.2 cfs 



TABLE 3

OPERATING PROPERTIES OF RECOMMENDED DIFFUSERS

WATTS BAR NUCLEAR PLANT

Blowdown Rate (cfs)

Port Velocity (fps)

Approach Pipe Velocity (fps)

Dead End Head (ft)

Diffuser Head Req'd (ft)

Total Head Req'd (ft)
from Wye

Individual Operation of Diffuser Legs
Mode 1 Mode 2

Upstream Leg Downstream Leg
Minimum Maximum Minimum Maximum

28.3 32.5 56.6 65.1

8.6 9.9 8.6 9.9

2.9 3.4 3.6 4.1

2.6 3.4 2.6 3.4

2.7 3.5 2.8 3.7

3.0 4.0 3.0 4.0

Combined Operation of Diffuser Legs
Mode 3

Minimum Maximum
Upstream Downstream Upstream Downstream

29.3 59.2 41.5 83.8

9.0 9.0 12.7 12.7

3.1 3.7 4.3 5.3

2.8

2.9

3.2

2.8

3.0

3.2

5.6

5.8

6.5

537

6.1

6.5

Blowdown Rate (cfs) 

Port Velocity (fps) 

Approach Pipe Velocity (fps) 

Dead End Head (ft) 

Diffuser Head Req'd (ft) 

Total Head Req'd (ft) 
from Wye 

TABLE 3 

OPERATING PROPERTIES OF RECOMMENDED Dr FFUSERS 

WATTS BAR NUCLEAR PLANT 

Individual 0Eeration of Diffuser legs Combined 0Eeration of Diffuser Legs 
. Mode 3 Mode 1 Mode 2 

UEstream Leg Downstream Leg ~1i n imum Maximum 
Minimum Maximum Minimum Maximum Upstream Downstream Upstream Downstream 

28.3 32.5 56.6 65.1 29.3 59.2 41.5 83.8 

8.6 9.9 8.6 9.9 9.0 9.0 12.7 12.7 

2.9 3.4 3.6 4.1 3.1 3.7 4.3 5.3 

2.6 3.4 2.6 3.4 2.8 2.8 5;6 5.-7 
2.7 3.5 2.8 3.7 2.9 3.0 5.8 6.1 
3.0 4.0 3.0 4.0 3.2 3.2 6.5 6.5 



TABLE 4

DESIGN AND TEST VALUES

OF DIFFUSER DESIGN PARAMETERS

Symbol
Primary

U 0Uo
u

a

B

h

Parameter

Discharge Velocity (max)

Average River Velocity

Equivalent Slot Width

River Depth (min)

Units

m/s (fps)

cm/s (fps)

cm (ft)

m (ft)

Design
Value

3.9 (12.7)

4.9 (0.16)

1.33 (0.0436)

6.7 (22)

Test
Value

4.5 (14.8)

7.0 (0.23)

1.44 (0.0471)

4.3 (14)

Secondary

y Orientation Angle to
River Flow

Discharge Angle

g' Buoyancy (max)
(min)

L Diffuser Length (max)
Omn)

Analytical Theory (References 3 and 4)

h/B Submergence

V Volume Flux Ratio

S Dilution

deg

deg

90

45

90

45

0.20
-0.05

59(194
31 (102)

0.20
-0.05

69(225)
23( 75)

505

6.4

17

297

4.6

13

TABLE 4 

DESIGN AND TEST VALUES 
OF DIFFUSER DESIGN PARAMETERS 

Symbol Design Test 
Primary Parameter Units Value Value --

Uo Discharge Velocity (max) mis (fps) 3.9 (12.7) 4.5 (14.8) 

u Average River Velocity cmls (fps) 4.9 (0.16) 7.0 (0.23) a 
B Equivalent Slot Width cm (ft) 1 .33 (0.0436) 1.44 (0.0471) 

h River Depth (min) m (ft) 6.7 (22) 4.3 (14 ) 

Secondary 

y Orientation Angle to deg 90 90 
River Flow 

e Discharge Angle deg 45 45 

g' Buoyancy (max) 0.20 0.20 
(min) -0.05 -0.05 

L Diffuser Length ~max) m~ft~ 69(225) 59(194~ 
min) m ft 23( 75) 31(102 

Ana l.z:ti ca 1 Theor.z: {References 3 and 4} 

h/B Submergence 505 297 

V Volume Flux Ratio 6.4 4.6 

S Dilution 17 13 
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INTRODUCTION

The Tennessee Valley Authority is constructing a two-unit

2540 megawatts (mw) nuclear generating plant in Rhea County, Tennes-

see, on the right bank of Chickamauga Lake adjacent to the Watts Bar

Dam Reservation near 'Tennessee River Mile (TRM) 528 (Figure 1).

This plant is situated approximately two miles downstream of Watts Bar

Dam at TRM 529.9 and approximately one mile downstream of the four-

unit 240 mw coal-fired Watts Bar Steam Plant on the right bank of

Chickamauga Lake at TRM 529. This report discusses the individual

and combined near-field effects of the nuclear and steam plant dis-

charges on Chickamauga Lake water temperatures.

Previous reports have described the design of the multiport

diffuser system for the nuclear plant (Reference 1) and the results of

hydrothermal model tests of the diffuser (Reference 2). Summaries of

river and wet bulb temperatures applicable to the plant site are pre-

sented and used to analyze the projected operation of the closed cycle

heat dissipation and blowdown discharge systems of the plant. Revised

operating properties of the diffuser system are also given using revised

estimates of the maximum discharge rate from the plant (Reference 3).

The results of water temperature surveys have been used to

study the mixing of the surface discharge from the once-through cool-

ing system of the steam plant (Reference 4). Surface jet models and

additional water temperature surveys are used to further characterize

the effects of the steam plant discharge.

The combined effect of the steam and nuclear plant discharges

is studied for periods of steady river flows and for periods during and
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3

immediately following times of no release from Watts Bar Dam. Advec-

tion and diffusion models are utilized to determine the near field effects

of the plant discharges. Compliance with the water temperature stand-

ards of the State of Tennessee is analyzed.
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4

WATTS BAR DAM DISCHARGES

Watts Bar Dam discharge records, maintained since its closure

on January 1, 1942, indicate that the average discharge at the dam has

been 26,480 cubic feet per second (cfs). Flow data for water years

1951-1965 indicate an average flow of about 21,500 cfs during the sum-

mer months and about 35,500 cfs during the winter months. Watts Bar

Dam is operated to provide peaking power as indicated in Figure 2,

which shows no discharge from the dam 10.5 percent of the hours

during the year. The maximum duration of no discharge periods is 12

hours, except for planned special operations. The normal discharge

through each of the five turbines at the dam ranges from 7,500 to

10,000 cfs. The minimum flow at which the turbines can operate is

3,500 cfs, although discharges seldom fall below about 5,000 cfs per

unit.

Water surface elevations downstream of Watts Bar Dam in the

vicinity of the plant sites are determined by the headwater elevation at

Chickamauga Dam and the discharge from Watts Bar Dam. Chickamauga

Lake elevations vary from a normal maximum elevation of 683.0 feet in

the summer months to a normal minimum elevation of 675.0 feet in the

winter months. However, Watts Bar Dam discharges may raise the

water surface elevation if the lake elevation is less than 683.0 feet.

Table 1 shows the approximate stage-discharge relationship below Watts

Bar Dam at minimum pool conditions in the winter.
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6

Table 1

Approximate Stage Discharge Relationship

Immediately Below Watts Bar Dam

Chickamauga Lake Elevation 675.0 feet

Water Watts Bar
Surface Dam

Elevation Discharge
(feet) (c7s)

675 0

677 12,500

679 25,000

681 37,500

683 50,000

696 190,000

Tabl e 1 

Approximate Stage Discharge Relationship 

Immediately Below Watts Bar Dam 

Chickamauga Lake Elevation 675.0 feet 

Water Watts Bar 
Surface Dam 

Elevation Discharge 
(feet) (cfs) 

675 0 

677 12,500 

679 25,000 

681 37,500 

683 50,000 

696 190,000 
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WATTS BAR NUCLEAR PLANT DISCHARGE CHARACTERISTICS

Intake and Discharge Design

A closed-cycle heat dissipation system consisting of two

natural draft cooling towers is utilized for the Watts Bar Nuclear Plant.

Makeup water for the plant is supplied via an intake channel and pump-

ing station at TRM 528.0. The average and maximum intake flow rates

are 133 cfs and 143 cfs, respectively, at a concentration factor of two.

A physical description of the diffuser discharge system is

given in Table 2 and depicted in Figure 3. The diffuser system con-

sists of two pipes branching from a central conduit at the right bank of

Chickamauga Lake and extending in a direction perpendicular to the

river flow into the Tennessee River. Each pipe is controlled by a

54-inch diameter butterfly valve located a short distance from the wye

with the central conduit.

The downstream leg consists of approximately 297 feet of

4.5-foot diameter paved corrugated steel approach pipe connected to 160

feet of unpaved 1- x 3-inch corrugated steel diffuser pipe of the same

diameter. The diffuser pipe section is half buried in the river bottom

and contains two 1-inch diameter ports per corrugation. The centroid

of the ports is oriented at an angle of 450 from the horizontal in a

downstream direction.

The upstream leg consists of approximately 447 feet of 3.5-

foot diameter paved corrugated steel approach pipe connected to 80 feet

of unpaved 1- x 3-inch corrugated steel diffuser pipe of the same

diameter. The upstream diffuser pipe section is also half buried in the
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Table 2

Dimensions of Recommended Diffusers

Watts Bar Nuclear Plant

Upstream Downstream
Leg Leg Total

Diffuser
Pipe Length (ft) 80.0 160.0 240.0
(unpaved 1- x 3-inch
corrugated steel pipe)

Pipe Diameter (ft) 3.5 4.5

Port Diameter (in) 1.0 1.0

Number of Ports
Per Corrugation 2 2

Port Spacing Normal
to Corrugation (in) 3.0 3.0

Port Spacing Parallel
to Corrugation (in) 3.0 3.0

Friction Factor 0.0948 0.0841

Approach Pipe

Pipe Length (ft) 447.0 297.0 474.0
(paved corrugated)
steel pipe)

Pipe Diameter (ft) 3.5 4.5

Friction Factor 0.0191 0.0148
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river bottom and extends its entire length of 80 feet beyond the dead

end of the downstream diffuser pipe section. The port diameter, spac-

ing and orientation of the upstream leg is the same as that of the

downstream leg.

The location of the diffuser system at TRM 527.8 is shown in

Figure 4. Both the upstream and downstream legs are located beneath

the navigation channel, as indicated by buoy markers on Figure 4.

The location of the diffuser was chosen so that the depth of water

above the diffuser will be sufficient to allow for the safe passage of

barges.

Discharge Rates

Blowdown will be discharged at a rate of between 44.6 and

85.0 cfs from the cooling tower basins so as to maintain the concentra-

tion of dissolved solids in the cooling towers at approximately twice that

found in the Tennessee River (Reference 3). Blowdown will be dis-

charged into a holding pond of approximately 190 acre-feet capacity

during periods of no releases from Watts Bar Dam to avoid exceeding

applicable thermal standards. When sufficient water is released from

Watts Bar Dam (at least 3500 cfs), blowdown may again be discharged

to the river. Blowdown from the holding pond can be discharged to

the river at a rate of 60.2 to 85.0 cfs.

Modes of Operation

A mode of operation for the diffuser system is defined as any

one of the possible combinations of diffuser pipe sections which may

discharge blowdown under particular circumstances. Thus, for the
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Watts Bar Nuclear Plant diffuser system, the first mode consists of only

the upstream leg discharging blowdown; the second mode consists of

only the downstream leg discharging blowdown; and the third mode

consists of both the upstream and downstream legs discharging blow-

down. Mode 1 is used when either unit 1 or unit 2 is operated alone

and there is no holding pond discharge. Mode 2 is used when both

units are operated simultaneously and there is no holding pond dis-

charge or when stored blowdown is discharged from the holding pond

and there is no discharge from the cooling tower basins. Mode 3 is

used when either or both of the units are operated at the same time as

stored blowdown is discharged from the holding pond. Table 3 sum-

marizes the minimum and maximum blowdown flow rates that can be

expected for each mode.

Operational Characteristics

The operational characteristics for the minimum and maximum

flows of each mode are summarized in Table 4. The average jet exit

velocity, approach pipe velocity and the required head at three loca-

tions in the pipe are presented. Table 4 shows that the average jet

exit velocity varies from 6.8 to 17.3 feet per second (fps) for all the

operational modes, which provides ample mixing.

Discharge Temperature

The discharge temperature will depend primarily on the blow-

down temperature from the natural draft cooling towers. Heat losses

will occur when blowdown is stored in the holding pond, but these

losses are conservatively assumed to be zero for this analysis.

12 

Watts Bar Nuclear Plant diffuser system, the first mode consists of only 

the upstream leg discharging blowdown; the second mode consists of 

only the downstream leg discharging blowdown; and the third mode 

consists of both the upstream and downstream legs discharging blow

down. Mode 1 is used when either unit 1 or unit 2 is operated alone 

and there is no holding pond discharge. Mode 2 is used when both 

units are operated simultaneously and there is no holding pond dis

charge or when stored blowdown is discharged from the holding pond 

and there is no discharge from the cooling tower basins. Mode 3 is 

used when either or both of the units are operated at the same time as 

stored blowdown is discharged from the holding pond. Table 3 sum-

marizes the minimum and maximum blowdown flow rates that can be 

expected for each mode. 

Operational Characteristics 

The operational characteristics for the minimum and maximum 

flows of each mode are summarized in Table 4. The average jet exit 

velocity, approach pipe velocity and the required head at three loca

tions in the pipe are presented. Table 4 shows that the average jet 

exit velocity varies from 6.8 to 17.3 feet per second (fps) for all the 

operational modes, which provides ample mixing. 

Discharge Temperature 

The discharge temperature will depend primarily on the blow

down temperature from the natural draft cooling towers. Heat losses 

will occur when blowdown is stored in the holding pond, but these 

losses are conservatively assumed to be zero for this analysis. 

, " II , I 

J " ! 

, , 



Table 3

Summary of Modes of Operation

Blowdown Diffuser System

Watts Bar Nuclear Plant

Diffuser System
Flow Rate

Minimum Maximum
(cfs) (cfs)

Distribution of Flow
Minimum Maximum

Upstream Downstream Upstream Downstream
Leg Leg Leg Leg

(cfs) (cfs) (cfs) (cfs)Mode of Operation

I One unitonly

2 Two units only or
Holding pond discharge only

3 Either or both units +
Holding pond discharge

Blowdown rate for one unit:
Blowdown rate for two units:
Holding pond discharge rate:

22.3

44.6

82.5

50.0

85.0

170.0

22.3 50.0

44.6

55.0

85.0

113.327.5 56.7

22.3- 50.0
44.6- 85.0
60.2-85.0

cfs
cfs
cfs

CA)

2 

3 

Table 3 

Summary of Modes of Operation 
B10wdown Diffuser System 
Watts Bar Nuclear Plant 

Diffuser System Minimum 
Distribution of Flow 

Maximum 
Flow Rate Upstream Downstream Upstream Downstream 

Minimum Maximum 
Mode of Operation (cfs) 

One unit only 22.3 

Two units only or 44.6 
Holding pond discharge only 

Either or both units + 82.5 
Holding pond discharge 

Slowdown rate for one unit: 22.3 - 50.0 cfs 
Slowdown rate for two units: 44.6- 85.0 cfs 
Holding pond disc"harge rate: 60.2 - 85.0 cfs 

(cfs) 

50.0 

85.0 

170.0 

Leg Leg Leg Leg 
(cfs) (cfs) (cfs) (cfs) 

22.3 50.0 

44.6 85.0 

27.5 55.0 56.7 113.3 



Table 4

Operating Properties of Blowdown Diffusers

Watts Bar Nuclear Plant

Blowdown Rate (cfs)

Port Velocity (fps)

Approach Pipe Velocity (fps)

Dead End Head (ft)

Diffuser Head Req'd (ft)

Total Head Req'd (ft)
from Wye

Individual Operation of Diffuser Legs
Mode 1 Mode 2

Upstream Leg Downstream Leg
Minimum Maimum Minimum Maximum

22.3 50.0 44.6 85.0

6.8 15.3 6.8 13.0

2.3 5.2 2.8 5.3

1.6 8.1 1.6 5.8

1.7 8.4 1.7 6.3

1.9 9.4 1.8 6.7

Combined Operation
Mode

Minimum
Upstream Downstream

27.5 55.0

8.4 8.4

2.9 3.5

2.4 2.4

2.5 2.6

228 2.8

of Diffuser Legs
3

Maximum
Upstream Downstream

56.7 113.3

17.3 17.3

5.9 7.1

10.4 10.4

10.8 11.1

12.1 11.9

B1owdown Rate (cfs) 

Port Velocity (fps) 

Approach Pipe Velocity (fps) 

Dead End Head (ft) 

Diffuser Head Req'd (ft) 

Total Head Req'd (ft) 
from Wye 

Table 4 

Operating Properties of B1owdown Diffusers 
Watts Bar Nuclear Plant 

Individual Operation of Diffuser Legs 
Mode 1 Mode 2 

Combined O~eration of Diffuser Legs 
Mode 3 

u~stream Le~ Downstream Leg Minimum Maximum 
Min mum Max mum Minimum Maximum Upstream Downstream Upstream Downstream 
22.3 50.0 44.6 85.0 27.5 55.0 56.7 113.3 

6.8 15.3 6.8 13.0 8.4 8.4 17.3 17.3 

2.3 5.2 2.8 5.3 2.9 3.5 5.9 7.1 

1.6 8.1 1.6 5.8 2.4 2.4 10.4 10.4 

1.7 8.4 1.7 6.3 2.5 2.6 10.8 11.1 

1.9 9.4 1.8 6.7 2.'8 2.8 12.1 11.9 
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Blowdown Temperature

The performance characteristics of the natural draft cooling

towers at the site depend primarily on the wet bulb temperature. A

summary of wet bulb temperatures applicable to Watts Bar based on 11

years of record at Chattanooga, Tennessee, is given in Table 5 (Refer-

ence 5). The estimated blowdown temperature from the natural draft

cooling towers is shown as a function of the wet bulb temperature on

Figure 5. The relationship between blowdown and wet bulb tempera-

tures is given as a polynomial curve fit of monthly average blowdown

temperature computed as a function of monthly average meteorological

data. The performance curve for natural draft cooling towers has been

provided by Research Cottrell, Inc. (Reference 6). The predicted

yearly cycle of blowdown temperatures for natural draft cooling towers,

based on these wet bulb temperatures and estimated performance charac-

teristics, is given in Table 6. Average blowdown temperatures range

from 63 0 F in January to 85 0 F in July. The maximum blowdown temper-

ature is 95 0 F.

River Temperature

A summary of tailrace temperatures at Watts Bar Dam is given

in Table 7. These temperatures are representative of water tempera-

tures at the plant site and will be used to compute expected initial

temperature differences between the blowdown and the river before

mixing. Table 7 shows that monthly average river temperatures vary

from 43.5 0 F in January to 76.5 0 F in August. The maximum weekly

observed tailrace temperature was 86.0°F in July and August, and the

minimum weekly tailrace temperature was 32.00F in January.
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Month

January

February

March

April

May

June

July

August

September

October

November

December

Tri ho
Maxi
7F

65
64

70

74

77

80

82

79

75

71

6E

Table 5

Summary of Wet Bulb Temperatures

National Weather Service

Chattanooga, Tennessee

1963 - 1973
Monthly Mo

urly Average Monthly Avi
mum Average

45.6 33.6 2

43.7 33.9 2

54.5 44.1 3

62.5 53.5 4

67.8 60.5 5:

73.2 67.9 6

74.8 70.5 64

75.3 70.5 6

71.9 65.4 51

63.2 54.1 4

55.6 44.8 3,

48.9 37.6 2

nthly
erage
-a
FT)

1.6
4.1

3.7

4.5

3.2

2.6

6.2

5.7

8.9

5.0

4.0

6.3

Trihourly
Minimum

(OF)

-9

2

15

27

33

42

52

53

34

27

11

9

16 

Table 5 
Summarl of Wet Bulb Tem~eratures 

National Weather Service 
Chattanooga, Tennessee 

1963 - 1973 
Monthly Monthly 

Trihourly Average Monthly Average Trihourly 
Month Maximum +0 Average -0 Minimum 

(oF) (OF) (oF) (oF) (oF) 

January 65 45.6 33.6 21.6 - 9 
February 64 43.7 33.9 24.1 2 

March 70 54.5 44.1 33.7 15 

April 74 62.5 53.5 44.5 27 

May 77 67.a 60.5 53.2 33 

June 80 73.2 67.9 62.6 42 

July 82 74.8 70.5 66.2 52 

August 83 75.3 70.5 65.7 . 53 

September 79 71.9 65.4 58.9 34 

October 75 63.2 54.1 45.0 27 

November 71 55.6 44.8 34.0 11 

December 68 48.9 37.6 26.3 9 
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Table 6

Summary of Blowdown Temperatures

Watts Bar Nuclear Plant

Month

January

February

March

April

May

June

July

August

September

October

November

December

Monthly
Average

+a

69

68

74

79

83

86

87

88

85

80

75

71

MonthlyAverage
(OF)

63

64

68

74

78

82

85

84

81

74

68

66

Monthly
Average
-a

(57)1

(59)

63

69

74

79

82

81

77

69

63

(60)

1. Parentheses indicate blowdown temperatures based upon
extrapolated cooling tower performance curves.

Table 6 

Summarl of B1owdown Temeeratures 

Watts Bar Nuclear Plant 

Monthly Monthly 
Average Monthly Average 

Month +0 Average -(J 
(oF) (oF) (OF) 

January 69 63 (57)1 

February 68 64 (59) 

March 74 68 63 

April 79 74 69 

May 83 78 74 

June 86 82 79 

July 87 85 82 

August 88 84 81 

September 85 81 77 

October 80 74 69 

November 75 68 63 

December 71 66 (60) 

1. Parentheses indicate b1owdown temperatures based upon 
extrapolated cooling tower performance curves. 
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Table 7

Summary of Tailrace Temperatures

Watts Bar Dam

February 1950 - September 1977

Month

January

February

March

April

May

June

July

August

September

October

November

December

AVERAGE

Minimum

32.0

36.5

37.4

47.8

48.2

64.4

67.1

69.8

64.4

48.2

41.9

37.4

Average

43.5

43.9

48.9

56.8

66.0

72.7

76.1

76.5

75.6

68.5

57.9

48.7

60.5

Maximum
MFJ

51.8

62.6

62.6

65.3

76.1

84.2

86.0

86.0

81.5

77.0

71.6

59.0

n.b. Based upon 1320 weekly observations, varying in number
from 40 to 67 in any full year of record. Data missing
for 1956, January-June 1957 and February 1969.

Table 7 

I 
/ 

Sumrnarl of Tailrace Temeeratures 

Watts Bar Dam 

Februarl 1950 - September 1977 

Month Minimum Average Maximum 
(oF) (oF) (oF) 

January 32.0 43.5 51.8 

February 36.5 43.9 62.6 

March 37.4 48.9 62.6 

April 47.8 56.8 65.3 

May 48.2 66.0 76.1 

June 64.4 72.7 84.2 

July 67.1 76.1 86.0 

August 69.8 76.5 86.0 

September 64.4 75.6 81.5 

October 48.2 68.5 77.0 

November 41.9 57.9 71.6 

December 37.4 48.7 59.0 

AVERAGE 60.5 

n.b. Based upon 1320 weekly observations, varying in number 
from 40 to 67 in any full year of record. Data missing 
for 1956, January-June 1957 and February 1969. 
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A summary of the probability of high tailrace temperatures is given in

Table 8, showing river temperatures approaching the State of Tennessee

maximum water temperature standard of 86.9 0 F (30.5 0 C).

Temperature Difference Between Blowdown and River Before Mixing

Table 9 shows the temperature difference between the blow-

down and the river before mixing. Although the difference between the

maximum possible blowdown temperature and the minimum observed river

temperature is the greatest positive temperature difference, the condi-

tions necessary to produce the maximum blowdown temperature and the

minimum weekly river temperature are highly unlikely to occur simul-

taneously. The maximum blowdown temperature will most likely occur

when the wet bulb temperature is the highest and the minimum river

temperature will occur when the wet bulb temperature is the lowest.

For the purpose of evaluating discharge system effects, it is more

realistic to use the temperature difference between the average tri-

hourly blowdown temperature plus one standard deviation for each

month and the minimum weekly river temperature for each month for

design conditions. Table 9 shows that the expected differences between

blowdown and river temperatures before mixing vary from -90 F in

November to 37 0F in January and March.
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Table 8

Probability of High Tailrace Temperatures

Watts Bar Dam

February 1950 - September 1977

Percentage
of Weekly

Observations
Ti Ti Exceeding Ti
77T FT (percent/year)

23.5 74.3

24.5 76.1

25.5 77.9

26.5 79.7

27.5 81.5

28.5 83.3

29.5 85.1

30.5 86.9

23.1

15.8

7.3

3.1

0.7

0.5

0.3

0.0

Average No.
of Weekly

Observations
Exceeding Ti
(No./year)

12.0

8.2

3.8

1.6

0.4

0.2

0.2

0.00

n.b. Based upon 1320 weekly observations, varying in number
from 40 to 67 in any full year of record. Data missing
for 1956, January-June 1957 and February 1969.

Table 8 

Probabil1tl of High Tailrace Tem~eratures 
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Februarl 1950 - Se~tember 1977 

Percentage Average No. 
of Weekly of Weekly 

Observations Observations 
T1 Ti Exceeding Ti Exceeding Tj -rsn- ~ (percent/year) (No./year) 

23.5 74.3 23.1 12.0 

24.5 76.1 15.8 8.2 

25.5 77 .9 7.3 3.8 

26.5 79.7 3.1 1.6 

27.5 81.5 0.7 0.4 

28.5 83.3 0.5 0.2 

29.5 85.1 0.3 0.2 

30.5 86.9 0.0 0.00 

n.b. Based upon 1320 weekly observations. varying in number 
from 40 to 67 in any full year of record. Data missing 
for 1956. January-June 1957 and February 1969. 
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Table 9
Before Mixing

Watts Bar Nuclear Plant

Month

January

February

March

April

May

June

July

August

September

October

November

December

AVERAGE

TB R TRx

(F)

(5)1

(4)

0

4

-2

-5

-4

-5

-5

-8

-9

(1)

TB - TR
(~vOF)av

19

20

19

17

12

9

9

7

5

6

10

17

TB+U - TRmin

(OF)

37

32

37

31

35

22

11

18

21

32

33

34

13

1. Parentheses indicate temperature
blowdown temperatures based upon
performance curves.

differences computed using
extrapolated cooling tower

Table 9 
Before Mixing 

Watts Bar Nuclear Plant 

TB - TR T - TR TB - TR 
Month -0 max BaVt avg +0 min 

(6F) 6F) (6F) 

January (5) 1 19 37 

February (4) 20 32 

March 0 19 37 

April 4 17 31 

May -2 12 35 

June -5 9 22 

July -4 9 11 

August -5 7 18 

September -5 5 21 

October -8 6 32 

November -9 10 33 

December (1 ) 17 34 

AVERAGE 13 

1. Parentheses indicate temperature differences computed using 
b10wdown temperatures based upon extrapolated cooling tower 
performance curves. 
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WATTS BAR STEAM PLANT DISCHARGE CHARACTERISTICS

Intake and Discharge Design

Once-through cooling water for the plant is supplied by

gravity from Watts Bar Dam through a conduit system approximately

3,600 feet long. The centerline of the intake opening is located at

elevation 716 feet and is contiguous with the upstream face of Watts Bar

Dam at the right abutment of the dam. After passing through the

condensers, the heated water is discharged via an open canal to a

concrete drop structure (also known as a "morning glory") from which

it is discharged into the river through a seven-foot wide by ten-foot

high culvert. The culvert outlet has a top elevation of 675.0 feet

which coincides with the minimum pool of Chickamauga Lake. Topog-

raphy in the vicinity of the discharge area is given in Figure 6.

Discharge Rate and Temperature

When the plant is operated at rated capacity, the plant re-

quires 626 cfs of cooling water and raises the temperature of water

withdrawn through Watts Bar Dam by 100F. Higher discharge rates of

775 cfs with correspondingly lower condenser temperature rises have

been noted during water temperature surveys.

Because the elevation of the centerline of the turbines (eleva-

tion 676 feet, approximately 60 feet deep) is 40 feet below the steam

plant intake, water temperatures entering the turbines in the dam could

theoretically be lower than water temperatures entering the steam plant

when Watts Bar Lake is stratified. A study of withdrawal layers into
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the turbines at Watts Bar Dam indicates that water from all depths

enter the turbines, even when a warm surface layer is present in the

summer months (Reference 7). - Therefore the temperature of water

entering the steam plant should be approximately equal to the temper-

ature of water entering the turbines at Watts Bar Dam. The maximum

10 0 F condenser temperature rise at the Watts Bar Steam Plant is thus

representative of the maximum difference between the steam plant dis-

charge temperature and the river temperature before mixing.
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NEAR-FIELD MIXING OF PLANT DISCHARGES

Watts Bar Nuclear Plant Diffuser

An analytical expression for the dilution induced by a sub-

merged slot diffuser in shallow water was developed by Adams (Refer-

ence 8):

S = ½(V sin y + (V2 sin2y + 2 cose)½) (1)

where S = dilution

= entrained river flow + diffuser flow
diffuser flow

Uah QR LV a Q= - volume flux ratio

u 0B QBw

ua = average river velocity across the diffuser

uo = jet exit velocity

h = average river depth

B = slot width

QR= river flow at diffuser site = Uawh

QB= diffuser flow = U0 LB

L = diffuser length

w = average river width

y = orientation angle of diffuser in river (y 900; perpen-

dicular to river flow)

e = discharge angle from river bottom (0 = 00; parallel to

river bottom)

Hydrothermal model tests discussed in Reference 2 showed that this

equation could be used to conservatively predict the performance of the

multiport diffuser system at the Watts Bar Nuclear Plant.
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The two-dimensional structure of the discharge plume was

predicted using the method of Tirka which is based on the theory of

Adams (Reference 9). Full vertical mixing of the discharge plume and

the receiving water was predicted for the following criterion:

FT S3 / 2 > 1.0 (2)

where

F
FT = h/S diffuser load

Fs = slot densimetric Froude number

- U0

g'B

= (Po-Pa)g
Pa

Po = density of discharge

Pa= density of ambient river water

g = gravitational constant

In general, stratified conditions downstream of the discharge were

predicted when this criterion was not met. For the Watts Bar Nuclear

Plant diffuser system, the variety of discharge conditions can result in

either fully mixed or stratified conditions downstream of the discharge.

For the maximum diffuser system flow, fully mixed conditions result.

Table 10 shows the design values of the diffuser parameters

given in Equation 1. These design values correspond to the minimum

Tennessee River flow of 3,500 cfs past the site and the maximum dif-

fuser discharge of 170 cfs. Equation 1 predicts a diffuser-induced

dilution of 16 for these conditions. Table 11 shows the expected mixed
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Table 10

Design Values

Of Diffuser Parameters

vrr ma ry

ua

B

h

Parameter

Discharge Velocity (max)

Average River Velocity

Equivalent Slot Width

River Depth (min)

Units

m/s (fps)

cm/s (fps)

cm (ft)

m (ft)

Design
Value

5.3 (17.3)

4.9 (0.16)

1.33 (0.0436)

6.7 (22)

Secondary

Y Orientation Angle to
River Flow

deg 90

e Discharge Angle

g' Buoyancy (max)
(min)

L Diffuser Length (max)
(min)

deg

cm/sec2(ft/sec2)
cm/sec 2(ft/sec )

m(ft)
m(ft)

45

6.1(0.20)
-1.5(-0.05)

69(225)
23( 75)

Analytical

h/B

V

S

Theory (Reference 6)

Submergence

Volume Flux Ratio

Dilution

505

4.7

16

S~bol 
Pr'mar~ 

Uo 
ua 
B 

h 

Secondar~ 

y 

e 

gl 

L 

Anal~tical 

h/B 

V 

S 
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Table 11

Expected Mixed Temperature Rise at

Edge of Diffuser Mixing Zone

Watts Bar Nuclear Plant

Month Minimum Average Maximum

January (0.3)1 1.2 2.3

February (0.3) 1.3 2.0

March 0.0 1.2 2.3

April 0.3 1.1 1.9

May -0.1 0.8 2.2

June -0.3 0.6 1.4

July -0.3 0.6 0.7

August -0.3 0.4 1.1

September -0.3 0.3 1.3

October -0.5 0.4 2.0

November -0.6 0.6 2.1

December (0.1) 1.1 2.1

AVERAGE 0.8

1. Parentheses indicate mixed temperature rises computed
using blowdown temperatures based upon extrapolated
cooling tower performance curves.
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temperature rises at the edge of the area of diffuser-induced mixing

using the initial temperature differences between the blowdown and the

river before mixing shown in Table 9. Mixed temperature rises vary

from -0.6 0 F in November to 2.3 0 F in January and March, averaging

0.8 0 F. Figure 7 shows the maximum expected mixed temperature rise as

a function of river flow assuming an initial temperature difference

between the blowdown and the river before mixing of 371F in January

and March.

The results of the hydrothermal model tests indicated there

was no concentration of the discharge near the right bank. In addi-

tion, the discharge plume did not form a thermal wedge upstream of the

diffuser even at the highest discharge buoyancy. In the model, the

tendency of the discharge plume to form vertically mixed conditions

downstream of the diffuser was well predicted by the theory of Adams.

Similar plume structure is predicted for the actual diffuser design.

The results of the model tests showed that the expected

diffuser-induced dilution was achieved approximately one diffuser length

downstream. Thus, the area of diffuser-induced mixing extends approx-

imately 160 feet downstream when the downstream leg of the diffuser

system is discharging; approximately 80 feet downstream when the

upstream leg of the diffuser system is discharging; and 240 feet down-

stream when both legs of the diffuser system are discharging. The

proposed mixing zone should encompass all of these modes of operation

and should extend 240 feet downstream over the entire river depth and

diffuser system width (240 feet).
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Watts Bar Steam Plant Surface Discharge

Mixing With River Flow

The maximum initial temperature rise of 10OF above ambient of

the surface discharge is reduced by turbulent mixing of the discharge

with the receiving water. This mixing is a result of the relative veloc-

ity of the river, which is a function of the dam discharge and water

surface elevation, and of the surface discharge, which has a maximum

velocity of 9-11 fps perpendicular to the shoreline.

The dilution achieved by the steam plant discharge was mod-

eled using the surface jet model of Shirazi and Davis (Reference 10).

The maximum mixed temperature rise after initial mixing at the five-foot

depth is shown on Figure 8 as a function of river flow and water sur-

face elevation. The maximum temperature rise of 50 F occurs on the

plume centerline at a river flow of 5000 cfs and a water surface eleva-

tion of 675.0 feet. The average temperature rise of the plume for these

conditions is 30 F. This average is computed assuming a Gaussian

lateral temperature distribution and a plume width of four standard

deviations (Reference 10). The maximum mixed temperature rises shown

in Figure 8 occur in the winter months when ambient river temperatures

are below 500F. When ambient river temperatures are higher than

50 0 F, the mixed temperature rises can be as much as 0.5 0 F lower than

those in Figure 8. Mixed temperature rises are larger in the winter

because of the non-linear, density-temperature relationship for water.

The size of the initial mixing region for the steam plant

discharge depends on the magnitude of the river flow, but the region

does not extend more than 300-800 feet from the discharge point.
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The effect of river flow is to deflect the heated plume, confining its

influence to a zone extending along the right bank of the river. The

lateral extent of the induced temperature distribution increases with

decreasing river flow. The induced temperature distribution in the

river is very weakly stratified except in the region near the discharge.

The combination of the relatively shallow river depth (10-20 feet) and

the intense mixing induced by the discharge results in nearly complete

vertical mixing.

Reference 4 discusses field observations of water temperatures

downstream of the steam plant discharge during steady river flow.

Dilution of the discharge was well predicted by the surface jet model of

Shirazi and Davis (Reference 10).

Mixing Without River Flow

As previously mentioned, periods of no river flow can last as

long as 12 hours because of the operation of Watts Bar Dam for peaking

power purposes. During a shutdown of river flow, heated water is not

convected away from the vicinity of the steam plant discharge and is

reentrained in the mixing process, causing a gradual increase in tem-

peratures in the vicinity of the plant.

Previous studies have shown the rate of temperature increases

in the vicinity of the steam plant for no river flow periods of up to six

hours (Reference 4). Immediately after shutdown, initial surface jet

mixing reduced the maximum condenser temperature rise of 101F to

about 2o3°F. After six hours of shutdown, the temperature rise after

surface jet mixing was about 3-41F. The downstream and upstream

extent of the temperature buildup was also time dependent with the
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20 F isotherm shifting approximately 1000-1500 feet upstream during the

six-hour shutdown. No extensive measurements of the warm water slug

downstream of the steam plant were made. Temperature rises of less

than 1IF were found downstream of the proposed nuclear plant dis-

charge at TRM 527; however, these are primarily attributable to previ-

ous periods of steam plant discharge in the presence of river flow.

A study of the extent of temperature buildup caused by the

steam plant discharge during a river flow shutdown of 12 hours dura-

tion were conducted on October 30, 1977, with all four steam plant

units in operation. Figure 9 shows the longitudinal excess temperature

distribution of the warm water slug compared to that of the previous

study with a six hour shutdown. The effect of extended durations of

river shutdown is to increase the longitudinal extent of the warm water

slug downstream rather than the maximum temperature increase of the

warm water slug. The downstream edge of the warm water slug pro-

ceeded downstream as a stratified surface layer, causing less than a

1F temperature rise in the vicinity of the proposed nuclear plant

discharge at TRM 527.8. Figure 9 shows that temperature measure-

ments in the immediate vicinity of the steam plant discharge fluctuated

between 2.5°F and 4.0*F, probably due to the high turbulence in the

vicinity of the discharge. No significant difference occurred in the

upstream longitudinal temperature distribution between the 6- and

12-hour shutdown. Apparently, the temperature distribution upstream

of the steam plant discharge reaches a steady state condition after

approximately six hours of no river flow.
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LEGEND:
E) I/3 POINT RIGHT BANK OCT. 30, 1977, 12 hr SHUTDOWN
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Combined Near Field Effect of Plant Discharges

Mixing With Steady River Flow

The combined mixed temperature rise of the Watts Bar Nuclear

and Steam Plants at the downstream edge of the diffuser mixing zone

can be calculated for steady river flow by adding the individual mixed

temperature rises after near-field mixing for each case. The average

mixed temperature rise of the steam plant plume is used because it is

representative of the ambient temperature of water entrained by the

nuclear plant diffuser. Water temperature surveys of the steam plant

plume show that it hugs the right bank with the warmest temperatures

occurring near the bank (Reference 4). Hydrothermal model tests of

the nuclear plant diffuser showed no concentration of the diffuser

discharge near the right bank (Reference 2). Lateral mixing in the

river between the plants and turbulent diffuser mixing will result in a

fairly uniform lateral temperature distribution at the downstream edge of

the diffuser mixing zone.

Figure 10 shows the maximum mixed temperature rise at the

five-foot depth of the combined plant discharges using the mixed tem-

perature rises for the nuclear and steam plants in Figures 7 and 8,

respectively. The maximum temperature rise for any flow or elevation

is shown to be less than the maximum allowable temperature rise of the

State of Tennessee of 5.40 F.
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Mixing After Periods of No River Flow

The resumption of dam discharges following shutdown periods

will advect the warm water slug discharge from the Watts Bar Steam

Plant during the shutdown period past the Watts Bar Nuclear Plant

diffuser. Blowdown will be discharged through the nuclear plant dif-

fuser when the dam resumes operation and will entrain this warm water

in the mixing process. Higher mixed temperature changes and rates of

temperature change can occur.

Temperature changes and rates of temperature change immedi-

ately following no release periods at Watts Bar Dam were analyzed using

an advection model for the movement of the warm water slug down-

stream. The mixing of the nuclear plant diffuser and the steam plant

surface discharge after the resumption of river flow were analyzed as

discussed previously.

Model Assumptions--The assumptions for the model were the

following:

1. River flow and elevation at the downstream edge of the dif-

fuser mixing zone were the same as the flow and elevation at

the tailwater of Watts Bar Dam, with an appropriate time

delay to account for the travel time of discharge waves from

the dam.

2. River velocity was computed using cross-sectional areas

derived from field measured flow and velocity data

according to the relation:

A = (z-z ) b

where A = cross-sectional area
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z = water surface elevation

zo = bottom elevation downstream of diffuser

= 661.0 feet

b = effective flow-carrying river width

= 800 feet

3. Maximum discharge rates and temperature rises from the steam

and nuclear plants (Figures 7 and 8).

4. The initial temperature distribution of the warm water slug

after 12 hours of no discharge from the dam was used neglect-

ing the scattered temperature measurements in the immediate

vicinity of the steam plant discharge (Figure 9). An average

of the temperatures measured at the discharge point was used

in developing a curve fit for the initial temperature distribu-

tion.

5. No surface heat loss from the river.

6. No dispersion of the warm water slug in the river.

7. Water temperature changes and rates of change attributable

to the steam and nuclear plants are calculated as the dif-

ference in the measured water temperatures of water dis-

charged through Watts Bar Dam and water at the downstream

edge of the nuclear plant diffuser mixing zone.

For an input set of flow and elevation data, the model computes the

temperature change and rate of temperature change every minute at a

selected point of interest in the vicinity of the nuclear plant diffuser.

The resulting temperature history can be analyzed for the maximum

temperature rises and rates of rise.

z = water surface elevation 
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Model Verification- -Figure 11 shows a comparison of model results

with measured data taken at TRM 527.8 after the resumption of river

flow following a 12-hour river flow shutdown on October 30, 1977.

Shown for reference on Figure 11 are the measured velocities near the

surface and bottom during the survey. Low surface velocities existed

before the resumption of dam discharges and signaled the arrival of a

warm surface layer caused by the steam plant discharge. At higher

river flows after 1300 hours, the velocity distribution was uniform with

near-surface and near-bottom velocities of similar magnitude.

Figure 11 shows that the computed temperature history at the

five-foot depth compares reasonably well with the measured temperature

history at the same depth. The maximum temperature change and rate

of change predicted by the model in Figure 11 were 2.7 0 F and

1.5*F/hr, respectively, compared to the measured values of 2.71F and

1.8°F/hr, respectively. This comparison suggests that the model be

used with an error margin for the rate of temperature change of about

0.30F/hr. This margin would be expected to be smaller at higher flow

rates when the rate of temperature change is limited by the maximum

possible temperature change. The rate of temperature change was over

predicted by the model after the passage of the center of the warm

water slug. This is caused by the conservative assumption neglecting

dispersion of the warm water slug in the river. The arrival time of the

center of the warm water slug and the steady-state temperature rise of

the steam plant discharge (using the plume average temperature rise in

Figure 8) were well predicted by the model.

Model Results- -Calculations of the maximum rate of temperature

change at various water surface elevations and river flows were made
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using the model. Figure 12 shows that the maximum rate of tempera-

ture change was 2.7°F/hr when the nuclear plant was not in operation

immediately following a 12-hour river flow shutdown. The maximum rate

of change was reached at river flows greater than approximately 25,000

cfs and was limited by the maximum possible temperature rise in the

warm water slug after 12 hours of no river flow.

Figure 13 shows that the maximum rate of temperature change was

3.30F/hr when the nuclear plant was in operation immediately following

12 hour river flow shutdowns. The maximum rate of change was

reached at river flows greater than approximately 25,000 cfs and was

limited by the maximum possible temperature rise in the warm water

slug and the maximum possible mixed temperature rise due to the nu-

clear plant discharge at river flows greater than 25,000 cfs.

The maximum rates of temperature change for steady river flows

in Figure 13 are also the limiting rates of temperature change for nor-

mal startup conditions at Watts Bar Dam. These normal conditions are

an increasing or steady number of turbines in operation, such as two

units the first hour, three units the second hour and five units in

succeeding hours. The only startup condition which was found to

cause higher rates of temperature change were four units in the first

hour and one unit in the second hour. This higher rate of temperature

change could occur with an unlikely startup condition at Watts Bar Dam

after a maximum shutdown period of 12 hours, maximum operation of

Watts Bar Steam Plant and maximum operation of Watts Bar Nuclear

Plant during the winter months with below normal river temperatures

and above normal wet bulb temperatures. Thus, Figure 13 represents

the maximum rate of temperature change to be expected downstream of

the Watts Bar Nuclear Plant.
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EVALUATION OF COMPLIANCE WITH THERMAL STANDARDS

Maximum Water Temperature

Discharges from the nuclear and steam plants will not cause a

mixed temperature in the river greater than 86.91F (30.5 0 C), except

when tailrace temperatures at Watts Bar Dam approach or exceed 86.91F

(30.5 0 C). The discharge temperature from nuclear and steam plants

may exceed 86.9 0 F in the months of April or May through October, and

the tailrace temperature at Watts Bar Dam may approach 86.9 0 F in the

months of June through September. Thus, if the tailrace temperature

approaches or exceeds 86.9 0 F, the mixed temperature in the river may

exceed 86.9 0 F due in part to the thermal discharges from the plants.

Maximum Water Temperature Change

The maximum mixed temperature rise caused by the nuclear plant

diffuser discharge is 2.3 0 F in January and March (Figure 7). Thus,

the diffuser discharge at the five-foot depth on the downstream edge of

the diffuser mixing zone from the Watts Bar Nuclear Plant alone will not

cause a water temperature change greater than 5.4 0 F (3 0 C) under any

flow or meteorological condition.

The maximum mixed temperature rise caused by the steam plant

surface discharge at the five-foot depth on the downstream edge of the

diffuser mixing zone is 2.91F during the winter months (Figure 8).

The corresponding maximum temperature rise at the five-foot depth on

the steam plant plume centerline is 4.91F in the vicinity of the steam

plant discharge. Thus, the surface discharge from the Watts Bar Steam
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Plant alone will not cause a water temperature change greater than

5.4 0 F (30C) under any flow or meteorological condition.

The maximum mixed temperature rise caused by the combined

steam and nuclear plant discharge during steady river flows at the

five-foot depth at the downstream edge of the diffuser mixing zone is

4.9°F during the winter months (Figure 10). The maximum mixed

temperature rise caused by a warm water slug discharged by the steam

plant during a 12-hour river flow shutdown is 2.7 0F during the periods

immediately following the resumption of river flow (Figure 11). The

resumption of discharge from the nuclear plant immediately following
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rate of temperature change could exceed 3.6 0 F (20C) per hour. Be-

cause the steam plant, due to its age, must increase from zero to full

power very gradually, and because the temperature difference between

the nuclear plant discharge and river is unlikely to be at its maximum

expected value, it is not expected that a maximum rate of temperature

chanae in excess of 3.6 0 F (20 CM Der hour will occur for this condition.
the resumption of river flow with the nuclear plant in operation (Figure

13). This value is 2.7 0F/hr without the nuclear plant in operation

(Figure 12). Thus, the combined operation of the steam and nuclear

plants during this condition will not cause a rate of temperature change

greater than 3.61F (21C) per hour.

Mixing Zone and Temperature Monitors

The proposed mixing zone for the nuclear plant should extend 240

feet downstream over the entire river depth and diffuser system width

(240 feet) and should encompass all modes of operation of the discharge

system.

Water temperatures measured near the downstream edge of the

nuclear plant mixing zone and in the turbine discharge of Watts Bar

Dam should be used to show the combined effect of the Watts Bar

Nuclear and Steam Plants.

48 

rate of temperature change could exceed 3. 6°F (2°C) per hour. Be

cause the steam plant, due to its age, must increase from zero to full 

power very gradually, and because the temperature difference betweeh 

the nuclear plant discharge and river is unlikely to be at its maximum 

expected value, it is not expected that a maximum rate of temperature 

chancre in excess of 3. 6°F (2°C) ner hour will occur for this condition. 
the resumption of river flow with the nuclear plant in operation (Figure 

13) . This value is 2. 7°F /hr without the nuclear plant in operation 

(Figure 12). Thus, the combined operation of the steam and nuclear 

plants during this condition will not cause a rate of temperature change 

greater than 3.6°F (2°C) per hour. 

Mixing Zone and Temperature Monitors 

The proposed mixing zone for the nuclear plant should extend 240 

feet downstream over the entire river depth and diffuser system width 

(240 feet) and should encompass all modes of operation of the discharge 

system. 

Water temperatures measured near the downstream edge of the 

nuclear plant mixing zone and in the turbine discharge of Watts Bar 

Dam should be used to show the combined effect of the Watts Bar 

Nuclear and Steam Plants. 



49

REFERENCES

1. Ungate, C. D., "Multiport Diffuser System, Watts Bar Nuclear
Plant," TVA Division of Water Management, Water Systems Develop-
ment Branch, Report No. 9-2009, revised by R. Chappell, April
1976.

2. Ungate, C. D., "Results of Hydrothermal Model Tests of the
Multiport Diffusion System, Watts Bar Nuclear Plant," TVA Division
of Water Management, Water Systems Development Branch, Report
No. 9-2013, May 1977.

3. TVA Memorandum to E. H. Lesesne, Director of Water Management,
from R. H. Dunham, Director of Engineering Design, "Watts Bar
Nuclear Plant, Units 1 and 2, Multiport Diffuser Design, Revision
of Discharge Flows," October 20, 1977.

4. "Watts Bar Steam Plant, Water Temperature Surveys," TVA Divi-
sion of Water Control Planning, Engineering Laboratory, Report
No. WM28-1-14-001 (formerly Report No. 9-1105), April 1974.

5. National Weather Service, Chattanooga, Tennessee, 1963-1973.

6. Research Cottrell Inc., TVA Watts Bar (cooling tower performance
curves), Drawing Nos. N3M-7-5167-701, 706, filed March 6, 1974.

7. "Watts Bar Reservoir, Dynamics Study (1970)," TVA Division of
Water Control Planning, Engineering Laboratory, Water Resources
Research, Laboratory Report No. 28, Report No. 9-302, June 1972.

8. Adams, E. E., "Submerged Multiport Diffusers in Shallow Water
With Current," Master's Thesis, Department of Civil Engineering,
Massachusetts Institute of Technology, Cambridge, Massachusetts,
May 1972.

9. Jirka, G., and D.R.F. Harleman, "The Mechanics of Submerged
Multiport Diffusers for Buoyant Discharges in Shallow Water,"
Ralph M. Parsons Laboratory Report No. 169, Massachusetts Insti-
tute of Technology, Cambridge, Massachusetts, March 1973.

10. Shirazi, M. A. and L. R. Davis, "Workbook of Thermal Plume
Prediction, Volume 2, Surface Discharge," Environmental Protection
Technology Series, U.S. Environmental Protection Agency, EPA-
R2-72-005b, May 1974.

49 

REFERENCES 

1. Ungate, C. D., "Multiport Diffuser System, Watts Bar Nuclear 
Plant," TVA Division of Water Management, Water Systems Develop
ment Branch, Report No. 9-2009, revised by R. Chappell, April 
1976. 

2. Ungate, C. D., "Results of Hydrothermal Model Tests of the 
Multiport Diffusion System, Watts Bar Nuclear Plant," TVA Division 
of Water Management, Water Systems Development Branch, Report 
No. 9-2013, May 1977. 

3. TVA Memorandum to E. H. Lesesne, Director of Water Management, 
from R. H. Dunham, Director of Engineering Design, "Watts Bar 
Nuclear Plant, Units 1 and 2, Multiport Diffuser Design, Revision 
of Discharge Flows," October 20, 1977. 

4. "Watts Bar Steam Plant, Water Temperature Surveys," TVA Divi
sion of Water Control Planning, Engineering Laboratory, Report 
No. WM28-1-14-00l (formerly Report No. 9-1105), April 1974. 

5. National Weather Service, Chattanooga, Tennessee, 1963-1973. 

6. Research Cottrell Inc., TVA Watts Bar (cooling tower performance 
curves), Drawing Nos. N3M-7-5167-701, 706, filed March 6, 1974. 

7. "Watts Bar Reservoir, Dynamics Study (1970)," TVA Division of 
Water Control Planning, Engineering Laboratory, Water Resources 
Research, Laboratory Report No. 28, Report No. 9-302, June 1972. 

8. Adams, E. E., "Submerged Multiport Diffusers in Shallow Water 
With Current," Master's Thesis, Department of Civil Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, 
May 1972. 

9. Jirka, G., and D.R.F. Harleman, "The Mechanics of Submerged 
Multiport Diffusers for Buoyant Discharges in Shallow Water," 
Ralph M. Parsons Laboratory Report No. 169, Massachusetts Insti
tute of Technology, Cambridge, Massachusetts, March 1973. 

10. Shirazi, M. A. and L. R. Davis, "Workbook of Thermal Plume 
Prediction, Volume 2, Surface Discharge," Environmental Protection 
Technology Series, U.S. Environmental Protection Agency, EPA
R2-72-005b, May 1974. 

I I ' : I .' 
! j " .1 

I I ' , I . 



(ol 81

-F

ESTIMATES OF ENTRAINMENT OF FISH EGGS AND LARVAE
BY WATTS BAR STEAM PLANT, 1975, AND ASSESSMENT OF

THE IMPACT ON THE FISHERIES RESOURCE OF
WATTS BAR RESERVOIR

I

September 1976

Fisheries and Waterfowl Resources Branch
Division of Forestry, Fisheries, and Wildlife Development

Tennessee Valley Authority
tNorris, Tennessee 37828

/ 
. ~ 

-.. -

~ .. 

.. 

''''; 

\ · · . • 

ESTIMATES OF ENTRAINMENT OF FISH EGGS AND LARVAE 
BY WATTS BAR STEAM PLANT, 1975, AND ASSE~SMENT OF 

THE IMPACT ON THE FISHERIES RESOURCE OF 
WATTS BAR RESERVOIR 

September 1976 

Fisheries and Waterfowl Resources Branch 
Division of Forestry, Fisheries, and Wildlife Development 

Tennessee Valley Authority 
'Norris, Tennessee 37828 



CHAPTER 1

INTRODUCTION

The mortality of aquatic organisms resulting from entrainment in condenser

cooling water constitutes a potential adverse ecological impact of

steam-electric power plants. The general recognition of entrainment as

a potential source of impact on fish populations has been a recent event;

with a few notable exceptions (e.g., Kerr, 1953; Markowski, 1962),

investigations of the phenomenon began in the late 1960's and first

reached the open fisheries literature in the early 1970's. Carlson and

McCann (1969) were apparently the first to estimate numbers and percentages

of fish eggs and larvae entrained (at a pumped-storage power plant); Marcy

(1971, 1973) combined entrainment and mortality studies of fish larvae

at a steam-electric plant and established a standard method of estimating

entrainment in flowing waters; and Coutant (1970, 1971, and 1974) has

provided a conceptual framework for evaluating impact.

1.1 Objectives

This report presents results of investigations of entrainment of fish ej

and larvae at Watts Bar Steam Plant during 1975. The objectives of the

investigation were:

1. To determine the numbers and taxonomic identity of fish eggs and la

in the vicinity of the plant.

2. To determine the numbers and taxonomic identity of fish eggs and la

entrained by the plant.

3. To assess the impact of this entrainment on the fish populations of

Watts Bar Reservoir.

99s

rvae

rvae
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1.2 Location and General Site Characteristics

Watts Bar Steam Plant is located on the west shore of Chickamauga Reservoir

in Rhea County, Tennessee, at Tennessee River Mile (TRM) 529.2 (Figure 1).

It is approximately 1.3 km (0.8 mile) below Watts Bar Dam. Cooling water

is supplied from Watts Bar Reservoir. There is considerable cove and

embayment habitat on Watts Bar Reservoir. At full pool the reservoir has

an area of 15,789 ha.

1.3 Physical and Operational Characteristics

Watts Bar Steam Plant is fossil-fueled with four units having a total

generating capacity of 240 megawatts. Initial operation of the first unit

began in February 1942, and the last unit was placed in operation in April

1945. The plant currently operates as a peaking plant, supplying power

during periods of high demand.

Circulating water for the plant is supplied by gravity feed through an intake

structure contiguous with the upstream face of Watts Bar Dam (Figure 2). Six

intake water passages lead to two underground conduits which lead to the

powerhouse. The intake apertures extend from 240.6 msl to 234.0 msl.

Minimum surface elevation of Watts Bar Reservoir is 240.6. Maximum flow

through the plant is 17.7 m 3/s.

.: ... 
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CHAPTER 2

METHODS AND MATERIALS

To determine the number of fish eggs and larvae available for entrainment,

samples were taken at night within a reservoir transect located at TRM 530.3

(Figure 2). Collections from additional areas were used to supplement

occurrence and relative abundance data. Samples were also taken within the

intake structure to determine the numbers of fish eggs and larvae entrained.

Biweekly sampling commenced March 24, 1975, and continued through July 28,

1975. All samples were filtered through 0.79 mm mesh nets.

2.1 Reservoir Sampling

Five stations were sampled within the reservoir transect: a station at

either shoreline, a mid-channel station, and a station approximately

halfway from each shore to mid-channel. The following methods were used:

1. Pumping - Moving pump samples of 10-minute duration were taken at

shoreline stations where the use of other methods was impractical.

A model 120TP3-1 Homelite trash pump (1.36 m 3/mn capacity)

was utilized. A 3 meter long section of 7.6 cm (I.D.)

intake hose was manipulated to sample the 0-1.0 m contour as

close to the shore as possible. Pump samples were strained through a

net suspended over the side of the boat. Samples were taken at a

boat speed of roughly 0.3 m/s. Volumes filtered ranged from 4-10 m3

per sample.

2. Push-Netting - Horizontal push-net samples were taken at the station near

each shoreline and at mid-channel using a 0.78 m2 (1 m in diameter)

conical net attached to the bow of the boat. Paired, 2.5-minute
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samples (one upstream and one downstream) were taken at these stations.

Flow was recorded with a TSK flowmeter mounted in the center of the

net. Approximately 150 m3 of water was filtered with each push;

sampling speed was approximately 1.3 m/s.

3. Vertical Netting - Three to five vertical lifts per sample were taken

with a 1.88 m2 beam net at three equidistant stations across the transect.

The boat was anchored at each station. The net was lowered, then

lifted with a winch at approximately 0.5-1.0 m/s, and the net was tripped

at 1 m to avoid sampling the upper meter of the water column. Depending

on water depth and number of lifts, the volume of water filtered at

3
each station ranged between 75-150 m

2.2 Intake Sampling

Due to the position of the intake structure and the turbulent flow in front

of the trashracks, pumping was selected as the method for sampling larval

fish and eggs in the entrained water. Pumped samples of one hour duration were

taken simultaneously in three of the six screen wells with a Model 120TP3-1

Homelite trash pump. Wells were alternated between sampling periods. Day and

night samples were taken. Pump discharges were filtered through nets fixed

3
inside overflow tubs. Volume filtered per sample ranged between 40-60 m

The traveling screens were washed prior to sampling to enhance flow through

the screen wells and maximum flow through the intake structure was maintained

during sampling.

2.3 Laboratory Analysis

Samples were preserved in the field in 10 percent Formalin and returned to

the laboratory. Eggs and all fish less than 31 mm total length were

identified to the lowest possible taxon using polarized stereomicroscopy and
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available taxonomic keys (e.g., Hogue, MS; May and Casaway, 1967; Norden, MS;

Taber, 1967). Level of identification depended upon the taxon in question,

developmental stage and condition of the specimen. Multilated specimens

were termed "unidentified," while those identifiable only to family level

were termed "unspecified."

2.4 Data Analyses

Ten sampling periods at biweekly intervals were identified as follows:

Sample Period Sample Date

1 3-24-75
2 4-07-75
3 4-21-75
4 5-05-75
5 5-19-75
6 6-02-75
7 6-16-75
8 6-30-75
9 7-14-75

10 7-28-75

Results of laboratory analyses of each sample were converted into densities

3(numbers/1000 m ). The cross-sectional profile of the reservoir transect

was subdivided into areas sampled by-,.id •t t-, . . .to. Station

weight was then calculated as the ratio of each sample area to the total

cross-sectional area. Weighted mean reservoir density was then calculated

Z(D W s); where D s unweighted sample density and W = station weight.

Because s1allOwr--ow, reh-le-az. as-constituted an insignificant portion of the

r"e :.tio- s toa-,Vump ýp-es-wre -included in species-occurrerse

analysis but not in the estimates of mean .dennsities or entrainment.." Densities

for all intake samples were averaged to provide an intake concentration for

each sample period..
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Percent entrainment for each sample period was estimated by the following

equation:

D x 100

3
Q= Plant intake flow (m /day).

Qr = Reservoir flow (m3 /day).

D - Weighted mean density (N/1,000 m 3) of eggs or larvae in the reservoir
rtransect.

3 '

Di = Mean density (N11,000 m ) of eggs or larvae tn-the intake a ..

Reservoir flows were obtained from the River Control Branch, Division of

Water Management, TVA, (Table 1); intake water demand for the plant was

established from plant operational data records.

In addition, an estimate of total entrainment of larvae over the entire

sampling period (127 days) was made. For this estimate, average reservoir

and intake densities were calculated as above and multiplied by the respective

24-hour reservoir flow and intake demand to yield 24-hour estimates of

numbers of fish. The areas under the curves of numbers vs. time for intake

and reservoir samples were integrated to yield estimates of total numbers of

larvae entrained and total numbers of larvae passing the plant. The ratio

of these numbers was then converted to a percentage; this value is an estimate

of total percent annual entrainment.

. '. 
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Table 1. Reservoir Flow and Intake Flow , Watts Bar Steam Plant,
Watts Bar Reservoir, 1975.

Qr Qi

Sample Period 14xlO6  M3xlO6 Qi/Qr

3-24 1 200.64 0

4-7 2 192.08 0

4-21 3 73.41 0.5604 0.0036

5-5 4 70.96 0.4526 0.0064

5-19 5 62.15 0.7653 0.0123

6-2 6 64.11 0.9779 0.0153

6-16 7 68.27 0.8530 0.0125

6-30 8 87.35 1.0329 0.0118

7-14 9 74.87 1.1076 0.0148

7-28 10 73.40 1.0483 0.0143

t
r
I

Qr = Total reservoir flow

Qi = Total intake flow

* - Flows are 24-hour totals
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 Occurrence and Relative Abundance of Taxa

Fish larvae of 19 taxa (10 families) were collected (Table 2). Sciaenid

eggs were collected only in the reservoir while unspecified eggs were

collected only in intake sample. Of all the larvae taken during the study,

unspecified clupeids (probably Dorosoma) dominated the collections (Table 3).

Among nonclupeid taxa, only Lepomis spp. (1.16 percent) exceeded 1.0 percent

of the total catch. Game and commercial species, while appearing frequently,

were not numerically important components of the catch.

Hiodontidae, Catostomidae, Ictaluridae, Atherinidae, and Percidae were not

collected in intake samples (Table 3). Relative abundances between the

reservoir and intake were similar (Table 4).

3.2 Entrainment

The estimation of entrainment and the evaluation of entrainment impacts on

the fisheries resource of the reservoir is a two-phase-process. The first

phase is the estimation and evaluation of total entrainment, i.e., all eggs

and all larvae; the second phase is concerned with evaluation of impacts on

particular taxa. If the first phase yields results indicative of a nonsignif-

icant fisheries impact, the second phase can be limited to determining the

occurrence of selective entrainment of important taxa.

3.2.1 Eggs

Total entrainment of eggs was not calculated because of their erratic

oci.rrence in samples. Eggs were not collected in both reservoir and intake

samples during any sample period. Aplodinotus grunniens eggs occurred
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Table 2. Fish eggs and larvae collected at two locations, Watts Bar Steam Plant,
Watts Bar Reservoir, 1975.

Intake Plant
TAXA Samples Transect

Seasonal
Unspecified fish eggs 6775
Aplodinotus grunniens eggs 16
Unspecified clupeids 244 20,400
Alosa chrysochloris 2
Dorosoma app. 6
D. cepedianum 8
D. petenense 5 324
Hliodon tergisus __-4

Unspecified cyprinids 128
Cyprinus carpio 1 31
Unspecified catostomids 93
Ictalurus punctatus 21
Labidesthes sicculus 12-
Morone spp, 3 49-
Lepomis spp. 7 244
Micropterus app. 4
M. dolomieui 1 4
Pomoxis spp. 15
Unspecified percids 1
Aplodinotus grunniens 1 24
Unidentified larvae 1 1

Sample Period 1-3.
No fish eggs or larvae collected

Sample Period 4.
Unspecified clupeids 586.
Dorosoma spp. 6
Cyprinus carpio 6
Unspecified catostomids 4
Morone spp. 14
Pomoxis spp. 5
Unspecified percid 1

Sample Period 5.
Unidentifled larva 1
Unspecified clupeids 95 5,025
Hiodon tergisus 1
Unspecified cyprinid 1
Cyprinus carpio 1 23
Unspecified catostomids 5
Morone spp. 3 33
Lepomis spp. 1 ill

Table 2. Fish eggs and larvae collected at two locations, Watts Bar Steam Plant, 
Watts Bar Reservoir, 1975. 
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Table 2. (Continued)

Intake Plant
TAXA Samples Transect

Micropterus spp. 4
M. dolomieui 4
Poiivxis spp. 10

Sample Period 6.
Aplodinotus grunniems eggs 10
Unidentified larva 1
Unspecified clupeids 89 5,142
Alosa chrysochloris 1
Dorosoma cepedianum 1
D. petenense 1 28
Hiodon tergisus 2
Unspecified cyprinids 7
Cyprinus carpio 1
Ictalurus punctatus 1
Labidesthes sicculus 2
Morone spp. 2
Lepomis spp. 5 73
Micropterus dolomieui 1
Aplodinotus grunniens 1

Sample Period 7.
Unspecified fish eggs 6,775
Unspecified clupeids 43 4,341
Dorosoma cepedianum 2
D. petense 25
Hiodon tergisus I
Unspecified cyprinids 8
Cyprinus carpii I
Ictalurus punctatus 14
Labidesthes sicculus 6
Lepomis spp. 6
Aplodinotus grunniens 2

Sample Period 8.
Aplodinotus grunniens eggs 5
Unspecified clupeids 10 4,089
Alosa chrysochloris 1
Dorosoma cepedianum 3
D. petenense 2 162
Unspecified cyprinids 23
Ictalurus punctatus 2
Labidesthes sicculus 2

Table 2 • (Continued) 

. . 
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Table 2. (Continued)

Intake Plant
TAXA Samples Transect

Lepomis spp. 32
Aplodinotus grunniens 2

Sample Period 9.
Aplodinotus grunniens egg I
Unspecified clupeids 4 1,064
Dorosoma cepedianum 1
D. petenense 1 28
Unspecified cyprinids 83
Ictalurus punctatus 2
Labidesthes sicculus 2
Lepomis 3
Aplodinotus grunniens 15

Sample Period 10.
Unspecified clupeids 3 153
Dorosoma cepedianum 1
D. petenense 1 81
Unspecified cyprinids 6
Ictalurus punctatus 2
Lepomis spp. 1 19
Aplodinotus grunniens 1 4

Table 2. (Continued) 

,-

Intake Plant 
TAXA Samples Transect 

Le~omis spp. 32 
Ap1odinotus grunniens 2 

Sam~le Period 9. 
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Ictalurus ~unctatus 2 
Labidesthes siccu1us 2 
Le~omis 3 
Aelodinotus srunniens 15 

Sa!21e Period 10. 
Unspecified c1upeids 3 153 
Dorosoma cepedianum 1 
,p.. ~etenense 1 81 
Unspecified cyprinids 6 
Icta1urus ~unctatus 2 .. 
Le~omi8 8pp. 1 19 
Ae1odinotus srunniens 1 4 



Table 3. Relative abundance of taxa of fish larvae collected in the vicinity
of Watts Bar Steam Plant, 1975.

Number Percent Relative
TAXA Collected Abundance

Clupeidae
Unspecified clupeids 20,646 95.79
Alosa chrysochloris 2 0.01
Dorosoma spp. 6 0.03
Dorosoma cepedianum 8 0.04
D. petenense 329 1.50

Hiodontidae
Hiodon tergisus 4 0.02

Cyprinidae
Unspecified cyprinids 129 0.60
Cyprinus carpio 32 0.15

Catostomidae
Unspecified catostomids 10 0.05

Ictaluridae
Ictalurus punctatus 21 0.10

Atherinidae
Labidesthes sicculus 12 0.06

Percichthyidae
Morone spp. 52 0.24

C6ntrarchidae
Lepomis spp. 251 1.16
Micropterus spp. 4 0.02
M. dolomieui 5 0.02
Pomoxis spp. 15 0.07

Percidae
Unspecified percid 3 0.01
Stizostedion spp. 2 0.01

Sciaenidae
Aplodinotus grunniens 25 0.12

Unidentified larvae 2 0.01

'. 

Table 3. Relative abundance of taxa of fish larvae collected in the vicinity 
of Watts Bar Steam Plant, 1975. 

Number Percent Relative 
TAXA Collected Abundance 

Clupeidae 
Unspecified clupeids 20,646 95.79 
Alosa chrysochloris 2 0.01 
Dorosoma spp. 6 0.03 
Dorosoma cepedianum 8 0.04 
Q.. petenense 329 1.50 

Hiodontidae 
Hiodon tergisus 4 0.02 

Cyprinidae 
Unspecified cyprinids 129 0.60 
Cyprinus carpio 32 0.15 

Catostomidae 
.Unspecified catostomids 10 0.05 

Icta1uridae 
Ictalurus punctatus 21 0.10 

Atherinidae 
Labidesthes sicculus 12 0.06 

Percichthyidae 
Morone spp. 52 0.24 

Centrarchidae 
Lepomis spp. 251 1.16 
Micropterus spp. 4 0.02 
M. dolomieui 5. 0.02 
Pomoxis spp. 15 0.07 

Percidae , 
Unspecified percid 3 0.01 
Stizostedion spp. 2 0.01 

Sciaenidae 
Ap1odinotus grunniens 25 0.12 

Unidentified larvae 2 0.01 



Table 4. RELATIVE ABUNDANCE (PERCENT) OF TEN FAMILIES OF FISH LARVAE,
WATTS BAR STEAM PLANT, WATTS BAR RESERVOIR, 1975.

Family Reservoir Samples Intake Samples

Clupeidae 97.43 95.04

Hiodontidae 0.02 -

Cyprinidae 0.75 0.38

Catostomidae 0.04 -

Ictaluridae 0.10

Atherinidae 0.06 -

Percichthyidae 0.23 1.15

Centrarchidae 1.25 3.05

Percidae *

Sciaenidae 0.11 0.38

Less than 0.01 percent.

Table 4. RELATIVE ABUNDANCE (PERCENT) OF TEN FAMILIES OF FISH LARVAE, 
WATTS BAR STEAM PLANT, WATTS BAR RESERVOIR, 1975. 
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C1upeidae 97.43 95.04 

Hiodontidae 0.02 

Cyprinidae 0.75 0.38 

Catostomidae 0.04 

Ictaluridae 0.10 

Atherinidae 0.06 

Percichthyidae 0.23 1.15 
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during sample periods 6, 8, and 9 while unidentified fish eggs occurred

only during sample period 7.

3.2.2 Fish Larvae

Reservoir densities of fish larvae are of a regular pattern; peak density

(total larvae) occurred during sample period 6 (Table 5). Clupeids were

the most abundant taxon throughout the season (Figure 3). Abundance of

other families contributed nominally to total densities.

Clupeids, percichthyids, and centrachids were the most frequently occurring

and most abundant larvae in intake samples. Centrarchidae was the only other

family occurring in intake samples during more than one sample period.

Reservoir densities were characteristically much larger than intake densities.

Only in 2 out of 50 possible instances were intake densities greater (Table 5,

Figure 3).

Biweekly estimates of percent entrainment of total larvae ranged from 0.11-0.86

percent. Peak percent entrainment occurred during sample period 5 when

four families occurred in intake samples. During no other sample period did

more than two families occur in the intake. Total entrainment of larvae over

the 127-day sampling season was estimated to be 0.24 percent; based on an

estimate of the total transported population of 4.47 x 109 and an estimate

of 1.08 x 107 total larvae entrained.

Table 6 presents biweekly entrainment estimates for five families. Entrainment

of families exceeded 1 percent in only three instances; the largest single

value (2.54 percent) was noted for centrarchids in sample period 6 (Table 5).

, .. 
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Table 5. AVERAGE DENSITIES (n/1000 m ) AND PERCENT

STEAM PLANT, WATTS BAR RESERVOIR, 1975.
ENTRAINMENT BY SAMPLE PERIOD AND FAMILY FOR WATTS BAR

Season
Family 1 2 3 4 5 6 7 8 9 10 Total*

Clupeidae
Dr - - - 174.07 389.77 2954.20 378.03 506.08 100.17 195.75
Di - 272.99 292.97 157.16 47.62 46.95 12.82
Percent Entrainment - 0.86 0.15 0.52 0.11 0.70 0.10 0.28

Cyprinidae
Dr - - - 0.81 3.37 0.08 0.28 0.37 1.18 0.10
Di - - - - 2.87 - - - - -
Percent Entrainment - - - - 1.04 -.... 0.53

Percichthyidae
Dr - - - 0.19 4.32 0.18 ....
Di - - - - 8.62 -....
Percent Entrainment - 2.46 - - - - - 2.25

Centrarchidae
Dr - - - 0.08 10.13 11.74 0.22 4.73 0.04 4.08
Di - 2.87 19.53 - - - -
Percent Entrainment - - - 0.34 2.54 - - - - 1.17

Sciaenidae
Dr - - - - 3.68 1.70 6.32 15.35 6.66
Di - - - - - - - 3.21
Percent Entrainment - 0.69 0.07

Total Larvae
Dr - - - 175.18 409.60 2980.95 402.35 522.47 122.99 211.82
Di .- - 287.36 315.76 157.16 47.62 46.95 19.25
Percent Entrainment - - - 0.86 0.17 0.49 0.11 0.57 0.13 0.24

*Calculated from integration routine.

Dr = Weighted density within reservoir transect.

Di - Density in intake.

Table 5. AVERAGE DENSITIES (n/l000 m3) AND PERCENr-~~AAi~~-~~L~ PERIOD AND FAMILY FOR WATTS BAR 
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3.3 Assessment of Entrainment Impact

Watts Bar Steam Plant is estimated to entrain 0.24 percent of the

transported larval fish population. Because of the nature and design

of the discharge channel, mortality of entrained larvae is assumed to be

100 percent. However, the relatively low demand for cooling water (17.7
3

m /sec maximum) by Watts Bar Steam Plant and its role as a peaking plant

minimize its impact on the larval fish of Watts Bar Reservoir.

There are no quantitative guidelines to follow in assessing the magnitude

of entrainment impact. Obviously, entrainment impact must be judged in

terms of its eventual effects on adult populations. Presently, only one

study has attempted to translate entrainment losses into effects on adult

populations. Hess, et al., (1975) modeled the effects of various levels of

entrainment losses on the total population size of winter flounder. Their

results show that a 5 percent entrainment mortality expressed annually over

35 years translates to a 6 to 9 percent reduction in the total adult

population. While their studies are not directly applicable to freshwater

reservoir situations, their results are viewed as conservative (i.e., worst

case) estimates. Hence, an entrainment estimate of 0.24 percent is judged

to be an insignificant impact on the fishery resource of Watts Bar Reservoir.
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CHAPTER 4

SUnMARY

1. Sampling for fish eggs and larvae was performed at Watts Bar Steam

Plant. The objectives were:

a. To determine the numbers and taxonomic identity of eggs and

larvae in the vicinity of the plant.

b. To determine the numbers and taxonomic identity of fish eggs

and larvae entrained by the plant.

c. To assess the environmental impact of this entrainment on the

fish populations of Watts Bar Reservoir.

2. Hydraulic entrainment by the plant as estimated during 10 biweekly

sampling periods ranged from 0 to 1.53 percent of reservoir flow.

3. Fish belonging to 19 taxa (10 families) were collected; unidentified

fish eggs and Aplodinotus grunniens eggs were collected.

4. Egg collections were mostly of unidentified fish eggs. Collections of

larvae were dominated by clupeids (probably Dorosoma). Other than

clupeids, only Lepomis spp., exceeded I percent of total catch.

5. Samples from the intake channel corresponded with reservoir samples in

terms of relative abundance of families.

6. Only unidentified eggs were entrained. They were not collected in the

reservoir. A. grunniens eggs were collected only in the reservoir.

7. Entrainment of total larvae ranged from 0.11 to 0.86 percent of the

transported population for the 10 sampling periods; total entrainment

. .. 
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over the entire sampling season was estimated to be 0.24 percent.

Clupeids contributed most heavily to numbers entrained as seen by

their concentrations in intake samples.

8. The low estimate of percent entrainment of larval fish (0.24) points

to a conclusion of no significant adverse impact on the fisheries

resource of Watts Bar Reservoir owing to entrainment of fish eggs and

larvae by Watts Bar Steam Plant.

/ 
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1.0

1.1

1.2

1.3

INTRODUCTION

Purpose

This Periodic Instruction (PI) ensures that environmental reports and submittals, as
required by regulations and permits, are submitted in a timely manner to ensure that
no regulatory violations are incurred.

Scope

Includes documentation of preparation and independent verification of all reports
required to be submitted in support of the Clean Air Act, Clean Water Act, Resource
Conservation and Recovery Act, Toxic Substances Control Act, Comprehensive
Environmental Response, Compensation and Liability Act, and Emergency Planning
and Community Right-to-Know Act activities, permits, and other environmental
requirements at WBN.

Frequency

A. This PI shall be issued the first day of each quarter.

B. This Instruction is applicable in all modes and can be performed in all modes.

REFERENCES

Developmental References

A. 40 Code of Federal Regulations (CFR) Part 60

B. 40 CFRPart61

C. 40 CFR Part 122

D. 40CFR Part 136

E. 40 CFR Parts 260-268

F. 40 CFR Part 279

G. 40 CFR Part 423

H. 40 CFR Part 761

I. Air Pollution Control Permits

J. General Tennessee Multi-Sector Permit for Storm Water Associated with
Industrial Activities, Permit No. TNR051343.

2.0

2.1
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2.1 Developmental References (continued)

K. NPDES Permit TN0020168

L. ECM-1, Air Pollution Control Program

M. ECM-3, National Pollutant Discharge Elimination System (NPDES) Program

N. ECM-4, Erosion/Storm Water Pollution Prevention Controls

0. ECM-5, Handling, Storage, and Disposal of Used Oil and Hazardous Waste

P. ECM-8, Spill Prevention, Control, and Countermeasure (SPCC) Plan

Q. ECM-12, Superfund Amendment and Reauthorization Act of 1986 (SARA)
Reporting

R. O-PI-ENV-14.2, Identification and Interpretation of Intake Warning Indicators

S. TN Code Annotated Section 69-8-301 et seq.

2.2 Performance References

None

3.0 PRECAUTIONS

None

4.0 PREREQUISITE ACTIONS

Collect reporting data utilizing appropriate Pl's.

5.0 ACCEPTANCE CRITERIA

Reports are completed and submitted on time.

f
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6.0 PERFORMANCE

NOTE

This Section will be repeated for each report/submittal listed in Appendix A.

[1] DEVELOP the required report or submittal in accordance with
the governing procedure listed in Appendix A AND

INITIAL Appendix A as the preparer.

[2] OBTAIN independent verification of all data input into the
regulatory report prior to submittal to management for review
AND

OBTAIN the initials of the verifier on Appendix A.

[3] SUBMIT the report for management review a minimum of two
(2) working days prior to the due date to the appropriate
regulatory agency/office.

[4] SUBMIT the report to the appropriate regulatory agency/office
by the due date noted in Appendix A.

DOCUMENT the submittal date on Appendix A.

[5] REPEAT steps 6.0[2] through 6.0[4] for each report/submittal
listed in Appendix A.

RECORDS7.0

7.1 QA Records

Appendix A

7.2 Non QA Records

None
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Appendix A
(Page 1 of 4)

WBN Environmental Reporting

1st Quarter Reporting

REPORT DUE DATE SUBMITTED TO REFERENCE PREPARER INDEPENDENT SUBMITTAL DATE
VERIFIER

DMR January 15th TDEC ECM-3

DMR February 15th TDEC ECM-3

Biocide Plan February 15th TDEC NPDES Permit

Water Withdrawal February 15th TDEC TN Code Annotated
Registration Section 69-8-301 et

seq.

SARA Tier II Report March 1st SERC ECM-12
LEPC
Local Fire Dept.

Annual Hazardous March 1st TDEC None
Waste Report

DMR March 15th TDEC ECM-3

NPDES Storm Water March 31st TDEC ECM-4
Annual Sampling
Report

Annual Air Report March 31st TDAPC ECM-1

Comprehensive Site March 31st On-site Record ECM-4
Compliance
Evaluation (Storm
Water)

WBN 
Unit 0 
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Appendix A
(Page 2 of 4)

WBN Environmental Reporting

2nd QUARTER REPORTING

REPORT DUE DATE SUBMITTED TO REFERENCE PREPARER INDEPENDENT SUBMITTAL
VERIFIER DATE

Annual NPDES Flow April 15th Kept Onsite NPDES Instruction
Calibration Report Manual

DMR April 15th TDEC ECM-3

Non Radiological May 1 1th NRC via Licensing ECM-3
Environmental
Operating Report

DMR May 15th TDEC ECM-3

DMR June 15th TDEC ECM-3

PCB Annual June 30th Kept Onsite ECM-5
Document Log

Environmental June 30th On-site Record 0-PI-ENV-14.2
Conditions Review

SARA TRI Report July 1st EPA ECM-12

Winter Passive Mix June 15th TDEC NPDES Permit
Zone Report

WBN 
Unit 0 

REPORT DUE DATE 

Annual NPDES Flow April 15th 
Calibration Report 

DMR April 15th 

Non Radiological May 11th 
Environmental 
Operating Report 

DMR May 15th 

DMR June 15th 

PCB Annual June 30th 
Document Log 

Environmental June 30th 
Conditions Review 

SARA TRI Report July 1st 

Winter Passive Mix June 15th 
Zone Report 
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Appendix A
(Page 3 of 4)

WBN Environmental Reporting

3rd QUARTER REPORTING

REPORT DUE DATE SUBMITTED TO REFERENCE PREPARER INDEPENDENT SUBMITTAL
VERIFIER DATE

DMR July 15th TDEC ECM-3

DMR August 15th TDEC ECM-3

DMR September 15th TDEC ECM-3

Annual Fish When Completed TDEC None
Monitoring Report

Solid Waste Facility October 1 TDEC None
AnnualReport I I I I
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Unit 0 
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Appendix A
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WBN Environmental Reporting

4th QUARTER REPORTING

REPORT DUE DATE SUBMITTED TO PROCEDURE PREPARER INDEPENDENT SUBMITTAL
VERIFIER DATE

DMR October 15th TDEC ECM-3

DMR-QA Study October 28th EPA, TDEC ECM-3

DMR November 15th TDEC ECM-3

Asbestos Notification November 15th TDAPC ECM-1
Report

DMR December 15th TDEC ECM-3

Summer Passive Mix December 15th TDEC NPDES Permit
Zone Report I I I I I

LEGEND: C/D - Construction / Demolition

DMR - Discharge Monitoring Report

LEPC - Local Emergency Planning Committee

NPDES - National Pollutant Discharge Elimination System

NRC - Nuclear Regulatory Commission

PCB - Polychlorinated Biphenyl

SARA - Superfund Amendments and Reauthorization Act

SERC - State Emergency Response Commission

TDAPC - Tennessee Division of Air Pollution Control

TDEC - Tennessee Department of Environment & Conservation
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ECM-3 

ECM-3 
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SERC - State Emergency Response Commission 

TDAPC - Tennessee Division of Air Pollution Control 

TDEC - Tennessee Department of Environment & Conservation 

PREPARER INDEPENDENT SUBMITTAL 
VERIFIER DATE 



L.rk \Z& Ly-

TENNESSEE VALLEY AUTHORITY

ENVIRONMENTAL
INFORMATION

SUPPLEMENT NO. 1
RESPONSES TO
NRC QUESTIONS FOR
OPERATING LICENSE STAGE
ENVIRONMENTAL REVIEW

WATTS BAR
NUCLEAR PLANT

KF
3775
.A73T4

UNITS 1 AND 2

LAST COPY: DO NOT REMOVE
Index No: 249
Title: Supplement No. 1 Responces to NRC
Questions for Operating License Stage
Environmental Review

TENNESSEE VALLEY AUTHORITY 

ENVIRONMENTAL 
INFORMATION 

SUPPLEMENT NO. 1 
RESPONSES TO 
NRC QUESTIONS FOR 
OPERATING LICENSE STAGE 
ENVIRONMENTAL REVIEW 

KF 
3775 
.A73T4 

LAST COPY: DO NOT REMOVE 
Index No: 249 
Title: Supplement No.1 Responces to NRC 
Questions for Operating License Stage 
Environmental Review 

WATTS BAR 
NUCLEAR PLANT 
UNITS 1 AND 2 



kM~AY1 9 1977 c~5 ~-' -I

" 'a -dson G. Case, Acting Director
Of!ce of Nuclear Reiactor Regulation
U.S. Nuclaar Regula0ory Corvaission
Washington, DC 20555

Dear ML-. Case :
IK.

In the Matter of the Application of
Tennessee Valley Authority

) Docket 1103. 50-390
50-391

Sunmitted under separate cover are 41 copies• of a document entitled
"Env-ironmental Inf±r-mation Supplemenb No. 1 Responses to NIsC questions
for Operating License Environmental Reviev." This material responds
to 7"PC's questions for additional information on the Watts Bar
Nuclear Plant forwarded by letters from William H. Regan, Jr.,
to Godwin Willims, Jr., dated April 5 and April 12, 1977. Additional
conies of Suppl-ement I will be distributed in accordance with
Enclosure 2 of the letter from William H. Regan, Jr., to
Gocd.dn Williams, Jr., dated April 12, 1977.

An additional submittal is being forwarded directly to the
•IRC staff Watts Bar Nuclear Plant Environmental Project Manager.
This additional material consists of six copies each of
technical reports requested by the NIRC staff. These report3
are referenced in Sop~plement No. 1, as appropriate. A listing
of titles of these r'eportz is enclosed.

The Supplement I responses and discussions related to need for
power as provided in m7 letters to you dated April 15 and
April 26, 1977, complete our reply to your staff's request for
additional environmental information on the Watts Bar Iluclear
Plant.

Very truly yours,

J.E. Gilleland
.Assistant Manager of Power

Subscrib'ed * ..s-orn I
me this 22 ýtý d iZ,ýý-

- Conmission Expires

Enclosure
L'.7" : OEG: J;i: SD

LEW I

CC: See page-2

--===-" 

l·rr. Ed30n. G. Case, Acting Director 
Of'fice or Nuclear Rea.ctor Regula'cion 
u. s. lfuc19ar negula~ory Conrus3ion 
l-T.:lshington, DC 20555 

f 
Degr N:-. Case: \" 

In the Hatter of tlle Application of 
Tennessee Valley Authorit,y 

"!A\' ril 1 

) 
) 

9 1971 

Docket Iros. 50-390 
50-391 

Suboltted under eep~ate cover are 41 copies of a doc~nt entitled 
"En7iroru:1entaJ. In:f~rma.·Uon Sllpplemen"t. 110. 1 ResooDses to iffiC Questions 
for Operating License EnviroZlJ:lental. Rerley. tI This l':.late:-ial. responds 
to !IRC'a questions for additional. info:rz:mtion on the \1atts Dar 
11uclear Plant f'orva:.,-ded by 1ettera i'rOlll Uillia."ll H. Regan, -Jr., 
to Godwin 111lli3.m.S,. Jr.,. dated April 5 end April l2~ 1917. Additional. 
copies orSupp~~ent 1 ~11 be distributed in accordance witb 
Enclosure 2 of the letter :from ;Tilli3l:l H. Regan,. Jr., to 
Coihdn Wlu.iams, Jr., dated April. 12, 1971. 

k'1 additional. sub!:U.tta.1 is being f'or..,arded directly to tbe 
:m:W staff' Watts Bar Nuclear Plant E::nr.h"om:entaJ. Project Ha.n.s.ger. 
TuiD additional ~terlal cons1sts of six copies each or 
tec;"n" cal. reports requested by tbe nRC staff. These roport3 
are referenced in Sup!,le;nent. !'lo. 1, aa appropriate. A listing 
o~ titles of these report3 is enclo3ed. . . 

Tne Supplement 1- responses and discussions related to naed for 
po-wer as prarlded in m:r letters to you dated April 15 and 
April 26, 1971, eompJ.ete our reply to your staff's request for 
a.dditional. environmental. inf'or:!ation on the 'Watts Ba::- lTuclear 
plant. 

'. .' \ .. I :,' I . 
. t' 'I I,. 

Subs~ibed 'I\n<l:· .. s-worn to bef'ore 
'Jne this 3.:16::. dily' k1t /U1 1911 

. -"!", 7 

Very truly yours, '\ /" r /) Mty ~ I:: " 

?; t.. ,,~£W' ivrt r/ '""H:)~ I 

LEW I j J. E. Gilleland , , 
. Assistant l-!anag~r o-r Potrer ........ r.'\""-_i_·-:I-'ZIJ 

{))!I- ;.- I :.-- I t.\ 

:.././~ .":'; t-~·r -;--r----- --.-. -.. ---.. 
I' t----, ' 
I 1------.; .'- - - -. 

t------:. . ___ l . 
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1; co~~~i~~ F.<pir •• ~l 
Encloaure ~ 
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p: ..... - -,-

• c. I ---- . --- --
!..,'L' ~: ·,)EG: J:,r.·T: SD riff: _, __ . __ ~ ..... 

cc: See page 2 
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1. DEMOGRAPHY

Question Number 1.1:

Provide an update of Section 1.1 (8)(d), Population Distribution, as well as
Figures 1.1-7, 1.1-8 and 1.1-9, indicating current estimates.

Response:

Provided in response to t his question is an updated discussion of the population
distribution about the Watts Bar Nuclear Plant.

POPULATION DISTRIBUTION

Present population data were based on the 1970 Census of Population. Pro-
jected population data were based on county projections prepared by the
Bureau of Economic Analysis (BEA), in cooperation with the Southern
Economic Review Groups - Georgia, North Carolina, and Tennessee (Reference 1).
These projections incorporated the Census Bureau's 1972 "Series E" national
population projections. The Southern Economic Review Groups are cooperative
Federal-state groups formed to assist BEA in preparing county projections
for planning and development purposes. Subdivisions of the county estimates

and projections were made by TVA. These subdivisions were based on census
and other maps, on judgements from field experience, and on such factor as
topography, transportation networks, and historical growth patterns.

Population Within 10 Miles

Almost 11,000 people lived within 10 miles of the Watts Bar site in 1970
with more than 80 percent of these between 5 and J.0 miles from the site.
Two small tow~ns, Spring City and Decatur, which in 1970 had populations
of 1,756 and 698 respectively, are located between 5 and 10 miles from
the site. Decatur is south and south-southwest from the site, while
Spring City is northwest and north-northwest. The remainder of the area
within 10 miles of the site is sparsely populated. Most of the population
growth in the area is expected to be in or adjacent to Spring City and
Decatur.

Tables 1.1-1 through 1.1-7 contain the estimates from 1970 and the 1978 thru
2020 projections of population at various distances and directions from the
site out to 10 miles.

Population Between 10 and 50 Miles

The area between 10 and 50 miles from the site lies mostly in the lower
and middle portions of east Tennessee, with small areas in southwestern
North Carolina and in northern Georgia. The population of this area is
projected to increase by over 38 percent (Pr 247,000 persons) between 1970
and 2020. Over 50 percent of this total increase is expected to be in the
area between 40 and 50 miles from the site.
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The largest urban concentration between 10 and 50 miles is the city of
Chattanooga, located to the southwest and south-southwest. This city had
a population in 1970 of 119,923; about 80 percent of this population was
located between 40 and 50 miles from the site, while the rest was located
beyond 50 miles. The Chattanooga urbanized area had a population of about
224,000 in 1970; of these, about 78 percent were located between 40 and 50
miles with the remainder beyond 50 miles. East Ridge, which had a population
in 1970 of 21,799, the majority of which was located within the 40- to 50-
mile zone, had about 4,000 persons beyond Lhe 50-mile radius. This city is
part of the Chattanooga urbanized area. The city of Knoxville is located to
the east-northeast of the site. Of its 1970 population of 174,587, about 5
percent was located between 40 and 50 miles of the site, with the remainder
beyond 50. The Knoxville urbanized Urea had a 1970 population of 190,502.
Not more than 10 percent of this population was located within 50 miles of
the site.

There are three smaller urban concentrations in this area with population
greater than 20,000. The city of Oah Ridge, which had a 1970 population of
28,319, is located about 40 miles to the northeast. The twin cities of Alcoa
and Maryville, which had a combined population in 1970 of 21,547, are located
between 45 and 50 miles to the east-northeast. Cleveland, with a 1970 popula-
tion of 20,651, is located about 30 miles to bhe south. Most of the population
growth of the area is expected to occur around these and the larger population
centers.

There are, in addition, a number of smaller communities dispersed throughout
the area, surrounded by low-density rural areas.

Tables 1.1-8 through 1.1-14 contain the estimates for 1970 and the 1978 thru
2020 projections of population at various distances and directions from the
site out to 50 miles.

References

1. Projections. Economics Activity in Tennessee, Series R Population; January
1976, Tennessee Valley Authority Requisition Number 520002, Bureau of Economic
Analysis, U.S. Department of Commerce. Available from National Technical
Information Service. This document is also available for the states of Georgia
and North Carolina under Georgia intra-governmental order number SAD PD-75-1.
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WATTS BAR
1970 PopulAtion Distribution
Within 10 Miles of the Site

Miles from Site

Total 0-1 1-2 k_ 4 5-10

N 415 - - 5 - 410

NNE 175 - - 30 10 20 115

NE 730 - 5 85 80 30 530

ENE 490 -o 10 25 55 65 335

F 415 - - 10 35 30 340

ESE 480 5 5 10 40 60 360

SE 420 - - 15 30 30 345

SSE 500 - 5 10 30 15 440

S 1,260 - 40 25 15 80 igl00

SSW 440 5' 15 5 40 20 355

Sw 395 5 5 5 15 - 365

WSW 985 10 15 55 35 25 8145

W 530 5 10 10 30 35 440

WNW 315 5 30 20 60 60 140

NW 1p750 - 15 4o 75 110 1,510

NNW 1,0435 - - - 60 20 1,355

Total 10,735 35 155 350 610 600 8v985

WAft'S BAR 
1970 Population DiatrlbutiOD 
WIthin 10 HUes of the Site 

"l11es fran Site 

~ Q::! Jcl 2-l ~ 4-5 5-10 

N 415 5 410 

NNE 175 30 10 20 115 

liE 730 5 85 80 30 530 

ENE 490 10 25 55 65 335 

E 415 10 35 30 J40 
ESE 480 5 5 10 40 60 360 ---~ 

I 

BE 420 15 30 30 345 LV 

SSE 500 5 10 30 15 440 

S 1,260 40 25 15 80 1,100 

SSW 440 5· 15 5 40 20 355 

SW 395 5 5 5 15 365 

WSW 985 10 15 55 35 25 845 

w 530 5 10 10 30 35 440 

WNW 315 5 30 20 60 60 140 

NW 1,750 15 40 75 110 1,510 

NNW 1,435 60 20 1,355 -
Total 10,735 35 155 350 610 600 8,985 



TABLE 1.1-2

WArn BAR
1978 RValputos Distribution
Within 10 Miles of the Site

.Miles froam Site

Tbta.1 0-1 1-2 23455-10

N 465 - - 10 - 455

ME 190 - - 30 10 20 130

IH 740 - 5 90 80 30 535

sm 500 - 10 25 60 65 340

E 420 - - 10 35 30 345

ESE 545 5 5 10 45 75 4o5

SE 530 - - 20 35 35 440

SSE 630 - 5 10 35 20 560

8 1,595 40 30 20 105 1,400

SSW 540 10 15 10 45 20 440

Sw 395 5 5 10 20 - 355

WSW 970 10 20 60 40 30 810

W 550 10 10 10 35 40 445

WNW 345 5 35 20 65 65 155

NW 1,960 - 15 40 80 125 1,700

NNW11,9805 -16 33.5 1-,03

Total 110980 45 165 385 670 685 10,030

TABLE 1.1-2 
WAftS BAR 

1918 Popal.a1;1oa Distr1butloa . 
Within 10 Mile_ of the Sit. 

Miles :from, Site 

Total. Q:! !=! 2 .. 3 J:i ~ 5-10 

N 1f65 10 455 

HD 190 30 10 20 130 

HE 740 5 90 80 30 535 

EnE 500 10 25 60 65 340 

E 420 10 35 30 345 

ESE 545 5 5 10 45 75 405 -I-' 
SE 530 20 35 35 440 I 

~ 

SSE 630 5 10 35 20 '560 

s 1,595 40 30 20 105 1,400 

ssw 540 10 15 10 45 20 440 

SW 395 5 5 10 20 355 

WSW 970 10 20 60 40 30 810 

W 550 10 10 10 35 40 445 

WNW 345 5 35 20 65 65 155 

NW 1,960 15 40 80 125 1,700 

NNW 1.605 .. .. .. ..22 ~ -1:~ - - -
Total. ll,980 45 165 385 670 685 10,030 



WATTS BAR
1980 Population Distribution
Within 10 Miles of the Site

Miles fram Site

Total 0-1 1-2 34-55-10

N 480 - - 10 - - 47o

NNE 195 - - 30 10 20 135

NE 745 - 5 90 80 30 540

ENE 500 - 10 25 60 65 340

E 420 - - 10 35 30 345

ESE 560 5 5 10 45 80 415

SE 565 - - 20 40 40 465

SSE 675 - 5 10 40 25 595

S 1,690 - 40 35 20 110 1,485

SSW 565 10 15 10 45 20 465

Sw 395 5 5 10 20 355

WSW 960 10 20 60 40 30 800

w 555 10 10 10 35 40 450

WNW 360 5 35 20 70 70 160

NW 2,2o0 - 15 4o 85 130 1,750

TaM5 -&0 6 717025 10,225

Total 12,335 45 165 .30695 715 100i25

WAT'l'S BAll 
1980 PopIll.a.tim Distribution 
Within 10 MUss ot the Site 

M1les fran Site 

Total 2:! ~ - ~ .J.::!. !t:2. 5-10 

N 480 10 470 

NNE 195 30 10 20 135 

NE 745 5 90 80 30 540 

ENE 500 10 25 60 65 340 

E 420 10 35 30 345 

ESE 560 5 5 10 45 80 415 
f-' 

SE 565 20 40 40 465 
I 

V1 

SSE 675 5 10 40 25 595 

S 1,690 40 35 20 110 1,485 

SSW 565 10 15 10 45 20 465 

SW 395 5 5 10 20 355 

wsw 960 10 20 60 40 30 800 

w 555 10 10 10 35 40 450 

WNW 360 5 35 20 70 70 160 

NW 2,020 15 40 85 130 1,750 

NNW 1.650 -- - J9. - ..,g2, 1.555 

Total 12,335 45 165 390 695 715 10,325 



TABLE x.i--
Watts ur

1990 Popilatics Distributica
Within 10 161s of the Sit.

Miles from Site

Tote.l 0-1 1-2 2-3 5-10

N 510 - - 10 - 500

200 - - 30 10 20 14o

NE 770 - 5 90 80 30 565

EM 480 - 10 25 6o 65 320

E 430 - - 10 35 35 350

E 605 5 5 10 45 90 450

SE 635 - - 20 45 40 530

SSE 770 5 15 4o 25 685

S 1,855 - 40 35 20 125 1,635

SSW 615 10 15 10 50 20 510

Sw 410 10 10 10 20 - 360

WSW 975 10 20 65 45 30 805

w 570 10 10 10 35 45 46o

WNW 380 5 35 20 75 75 170

NW 2,9145 - 15 45 95 135 1,855

NNW 130o 0 - - - LO

Total 139100 50 170 405 725 760 109990

TABLE l.l-~ 
Watt. Bar 

1990 PopalatSGn. D1atr1butlcm 
Within 10 MUea of the Site 

M:llea f'rQll Site 

Total. 2=! ~ - 2-3 J=!!. ~ ,-10 

N 510 10 -, 500 

NNE 200 30 10 20 140 

HE TIo 5 90 80 30 565 

ENE 480 10 25 60 65 320 

E 430 - 10 35 35 350 

ESE 605 5 5 10 45 90 450 ---..... 
BE 635 20 45 40 530 

I 
0\ 

SSE TIo 5 15 40 25 685 

s 1,855 40 35 20 125 11 635 

SSW 615 10 15 10 50 20 510 

SW 410 10 10 10 20 360 

wsw 975 10 20 65 45 30 805 

\,1 570 10 10 10 35 45 460 

WNW 380 5 35 20 75 75 170 

NW 2,145 15 45 95 135 1,855 

NNW 1.750 - - - ...1Q ~ .b§22 - - -
Total 13,100 50 170 ~05 725 760 10,990 



WATTS BAR
2000 Population Distribution
Within 10 Miles of the Site

Ml~es from Site

Total 0-1 1-2- ?I34-55-10

N 520 - - 10 - - 510

NNE 205 - - 30 10 25 140

NE 750 - 5 90 80 30 545

ENE 500 - 10 25 60 65 340

E 435 - - 10 40 35 350

ESE 630 5 5 10 45 100 465

SE 680 - - 25 50 45 560

SSE 820 - 5 20 4o 30 725

S 2,070 - 40 40 25 135 1,830

SSW 675 10 15 10 45 25 570

Sw 415 10 10 10 20 - 365

WSW 975 10 20 65 40 35 805

w 575 10 10 10 40 45 460

WNW 390 5 35 20 80 75 175

NW 2,175 - 15 45 95 135 1,885

NNW 1,780 0 7 -Z 25 1,680

Total 139595 50 170 420 745 805 311.405

_ ......... -- _ ..... ; 

WATTS BAa 
2000 Popul.ation Distribution 
Within 10 Miles ot the Site 

Miles from Site 

~ 2.:! Jd.. g,:.l ~ !!.:2. 5-10 

N 520 10 510 

NNE 205 30 10 25 140 

NE 750 5 90 80 30 545 

ENE 500 10 25 60 65 340 

E 435 10 40 35 350 

ESE 630 5 5 10 45 100 465 
f-' 

680 25 50 45 560 
I 

BE -.; 

SSE 820 5 20 40 30 725 

S 2,070 40 40 25 135 1,830 

ssw 675 10 15 10 45 25 570 

SW 415 10 10 10 20 365 

wsw 975 10 20 65 40 35 805 

w 575 10 10 10 40 45 460 

riNW 390 5 35 20 80 75 175 

NW 2,175 15 45 95 135 l,885 

NNW 1.780 - - - ...12. ~ 1.680 - - -
'l'otaJ. 13,595 50 170 420 745 805 11,405 



TABLE 1.1-10
WATTOI MR

1980 Population Distribution
within 5o Mies of the Site

Miles frao Site

Tot .al 0-10. 10-20 a2:22 30-40 40-50

N 7,135 480 1,725 305 1,320 3,305

NNE 33,340 195 7,o4o 17,385 7,785 935

NE 70,710 745 1,640l 0,620 15,865 41,84o

ENE 120,895 500 1,,460 8,740 19,145 91,050

E 27,530 420 79695 5,330 5,j185 8,9OO

ESE 14,690 560 2,600 8,415 3,000 115

SE 37o545 565 21,220 10,225 1,800 3,735

SSE 17,105 675 2,585 3,875 3,310 6,660

S 67,675 1,690 1,9085 18,035 41,380 5,485

SSW 117,065 565 1,24o 6,770 9,075 99,415

SW 148,265 395 2,650 4,835 20,355 120,030

WSW 23,O35 960 i0,060 955 5,765 5,295

W 7,325 555 565 3,920 1,185 1,100

WNIW 20,375 360 635 2,585 2,715 14,080

NW 13,400 2,0•0 560 1,745 3,780 5,295

NNW 2365 1650 8 3x310 3,800

Total 749,455 12p335 63,445 117,660 144,975 411,o4o

TABLE 1.1-10 
WAT'1'1'B BAR 

1980 Population DiatributlO1l 
Within 50 Miles of the Site 

Miles trQll Site 

~ ~. ~ 20-30 30-40 40-50 

N 7,135 480 1,725 305 1,320 3,305 

NNE 33,340 195 7,040 17,385 7,785 935 

HE 70,71.0 745 1,640 10,620 15,865 41,840 

ENE 120,895 500 1,460 8,740 19,145 91,050 

E 27,530 420 7,695 5,330 5,185 8,900 

ESE 14,690 560 2,600 8,415 3,000 115 ..-... 
I-' 
I 

SE 37,545 565 21,220 10,225 1,800 3,735 
I-' 
I\) 

SSE 17,105 675 2,,85 3,875 3,310 6,660 

S 61,675 1,690 1,085 18,035 41,380 5,485 

SSW 117,~5 565·· 1,240 6,170 9,075 99,415 

SW 148,265 395 2,650 4,835 20,355 120,030 

wsw 23,035 960 10,060 955 5,765 5,295 

w 7,325 555 565 3,920 1,185 1,100 

WNW 20,375 360 635 2,585 2,715 14,080 

NW 13,400 2,020 560 1,745 3,780 5,295 

NNW 23.365 1°,650 685 13.920 3,310 3.800 

Total. 749,455 12,335 63,445 117,660 144,975 4n,040 



WATTS BAR
1990 Population Distribution
Within 50 Miles of the Site

Miles from Site

0 0-10 10-20 92•20- 30-4• 40-50

N 7,065 510 1,675 285 1,315 3,280

NNE 35,250 200 7,130 19,150 7,940 830

NE 75,540 770 1,690 11,110 16,935 45,035

ENE i34,840 480 1,540 9,145 20,970 102,,705

E 28,520 430 8,530 5,385 5,240 8,935

ESE 15,990 605 2,665 9,760 2,860 100
H

SE 41,275 635 24,4o0 i0,695 i,750 3,735

SSE 17,620 770 2,750 3,945 3,420 6,735

S 79,495 1,855 1,110 21,250 49,470 5,810

SSW 125,400 615 1,270 7,005 9,385 107,125

SW 155,935 410 2,775 5,110 21,760 125,880

WSW 25,960 975 11,230 975 7,065 5,715

W 7,570 570 570 4,090 1,235 1,105

WNW 21,295 380 655 2,715 2,800 14,745

NW 13,760 2,145 590 1,850 3,980 5,195

NNW 25,545 1,750 710 15,955 3,400 3,730

Total 811,060 13,100 69,350 128,425 159,525 440,66o

---- _.- .......... 
WA1"lB BAR 

1990 Population Distribution 
Within 50 Miles ot the Site 

M1l.e s fran Site 

~ Q:!Q ~ 20-30 30-40 40-50 
" 

N 7,065 510 1,675 285 1,315 3,280 

NNE 35,250 200 7,130 19,150 7,940 830 

NE 75,540 770 1,690 U,110 16,935 45,035 

ENE 134,840 480 1,540 9,145 20,970 102,705 

E 28,520 430 8,530 5,385 5,240 8,935 

ESE 15,990 605 2,665 9,760 2,860 100 I-' 
I 
I-' 
W 

SE 41,275 635 24,460 10,695 1,750 3,735 

SSE 17,620 770 2,750 3,945 3,420 6,735 

S 79,495 1,855 1,UO 21,250 49,470 5,810 

SSW 125,400 615 1,270 7,005 9,385 107,125 

SW 155,935 410 2,775 5,UO 21,760 125,880 

wsw 25,960 975 1l,230 975 7,065 5,715 

w 7,570 570 570 4;990 1,235 1.105 

WNW 21,295 380 655 2,715 2,800 14,745 

NW 13,760 2,145 590 1,850 3,980 5,195 

NNW 25 2545 1,750 710 15,955 3,400 3,730 

Total. 8U,060 13,100 69,350 128,425 159,525 440,660 



TABLE 1.1-14

WATTS BAR
2020 Populaticon Distribution

Within 50 Miles of the Site

Miles frou Site

Total 0-10 10-20 - 30-40 40-50

N 6,825 535 1,555 255 1,315 3,165

NNE 36,755 205 7,160 20,v470 8,210 710

HE 82,165 705 1,685 11,030 18,435 50,310

ENS 161,655 470 1,565 9,170 22,540 127,910

E 29,295 430 9,160 5,270 5,385 9,050

ESE 17,0v7 665 2,730 11,230 2,360 90

BE 44,775 725 27,185 11,770 1,520 3,575

SSE 18,120 860 3,430 3,955 3,590 6,285

S 99,105 2,390. 1,480 26,825 62,715 5,695

SSW 135,675 770 1,225 6,905 9,245 117,530

SW 167,775 430 2,830 5,6o5 24,005 134,905

WSW 32.,665 985 U,945 940 U,575 7,220

w 8,075 585 520 4,7oo 1,380 890

W 22,830 400 705 3,035 2,920 15,770

NW 14,845 2,24o0 635 1,995 4,620 5,355

NW 27.735 1,830 720 18,222 3,575 3,320

Total 905,370 14,225 74,530 141,445 183,390 491,780

TABLE 1.1-14 
WATTS BAR 

2<:20 PopulatiQ1 D1stributim 
Within 50 MUeI at the Slte 

Mlle. tran Slte 

Total. Q:!Q ~ 20-30 30-40 40-50 

If 6,825 535 1,555 255 1,315 3,165 

NNE 36,755 205 7,160 20,470 8,210 710 

HE 82,165 70s 1,685 11,030 18,435 50,310 

ENE 161.,655 470 1,565 9,170 22,540 127,910 

E 29,295 430 9,160 5,270 5,385 9,050 

ESE 17,m 665 2,730 11,230 2,360 90 ......... 
l-
I 

BE 44, TI5 725 27,185 U,770 1,520 3,575 
....... 
0\ 

SSE 18,120 860 3,430 3,955 3,590 6,285 

s 99,105 2,390 1,480 26,825 62,715 5,695 

SSW 135,675 770 1,225 6,905 9,245 117,530 

SW 167,775 430 2,830 5,605 24,005 134,905 

wsw .32,665 985 ll,945 940 11,575 7,220 

W 8,075 585 520 4,700 1,380 890 

WNW 22,830 400 705 3,035 2,920 15, TIO 
, 

NW 14,845 2,240 635 1,995 4,620 5,355 

NNW 27,135 1,830 720 18,290 3.575 3.320 

Total. 905,370 14,225 74,530 141,445 183,390 491,780 
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Question Number 1.2

Provide an update of Table D-3 of Appendix D, indicating current estimates.

Response:

See Table 1.1-12 of TVA Response to IC .Question 1.1 above.

Question Number 1.2 

Provide an update of Table D-3 of' Appendix D, indicating current estimates. 

Response: 

See Table 1.1-12 of TVA Response to rrnc .Question 1:1 above. 
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2. TER•I•3lhJs'PIAL ECOLOGrY

Question Number 2.1

Provide art upduite of' th,. '1Tab.c in ",ect;ion 2.2 of' the Final. Environmental.
Statement (FF00--Novembe.. 9, '1972, p. 2.2-]).

Response:

Ste2 I

Line Name
Bull Run-Sequoyah,
Loop into Watts Bar
Nuclear Plant

Watts Bar Hydro-
Watts Bar Nuclear
No. I

Watts Bar Hydro-
Watts Bar Nuclear
No. 2

Voltage (kV)

500

Approximate
Length of fyew

Construction (Miles)

10.0

Approximate
Date

Required

September 1977

1.0

1.0

In Service

In Service161

Step II

Watts Bar-Volunteer

Watts Bar-Roane

Watts Bar-Sequoyah
No.2

Question Number 2.2

500

500

500

88.o

4,o.o

4o.o

January 1979

January 1978

September 1977

Provide an update on the number of acres and corresponding land
required for transmission line rights of way.

use types

Response:

Approximately 2,008 acres of new righL of way easements will be required to
construct the 180 miles of transmission line connections into the Watts Bar
Nuclear Plant. Although the number of miles of transmission lines and the
number of acres required are now different from those originally given in
TVA's Watts Bar Nuclear Plant Environmental Statement, the land use types
given on page 2.2-2 remains essentially the same, i.e., 25 percent woodland,
25 percent farming and pasture, and the remainder uncultivated openland.
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1.0 

1.0 
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40.0 

40.0 
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Date 

Required 
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Provide an update on th~ number of acres and corresponding land use types 
required for transmission line rights of way. 

Re.:monse: 
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Nu~lear Plant. Although the nUl!lber of miles of transmission lin(?s and the 
number of acres required are n-:>.1 different from those originally given in 
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25 percent f.1.rming and p3.sture, and the remainder uncultivA.ted open1and. 
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Question Number 2.3:

Where proposed transmission lines cross important waterfowl areas, provide a
description of these areas and estimates of local flight patterns and duration
of seasonal migrations.

Response:

Three noteable water areas are crossed by the proposed transmission line
routes. One of these, immediately upstream from the Sequoyah Nuclear Plant
site on Chickamauga Reservoir has extremely low use by waterfowl.

A second crossing occurs in a waterfowl area immediately downstream from Watts
Bar Nuclear Plant site. The area is a tailwater region with a relatively
narrow flood plain bordered by wooded ridges. It is occasionally used in fall
by small flocks of resting waterfowl due to its proximity to Yellow Creek and
Washington Ferry Wildlife Management Areas. Predominant flight patterns consist
of routes between the river and Yellow Creek Wildlife Management Area, between
Yellow Creek Wildlife Management Area and Washington Ferry Wildlife Management
Area, and along the river between the plant site and Washington Ferry Wildlife
Management Area. Yellow and Sewee Creeks provide good wood duck breeding
habitat resulting in some spring nd simmer use in the general area. Migrant
and wintering waterfowl, however, greatly outnumber resident breeding popula-
tions in fall, winter and early spring.

The Hiwassee River crossing occurs in a narrow portion of the river with
limited waterfowl habitat. Broad, shallow embayments upstream and downstream
(Rogers, Candies, North and South Mouse Creeks) do, however, provide suitable
habitat for resident, migratory and wintering waterfowl, and shore birds.
Topographically, the area can be characterized as Ridge and Valley with the
valley floorsin agricultural uses (row crop or pasture) and ridges forested.
Rogers and Candies Creek Wildlife Management Areas are located in the upper
regions of the respective valleys occupying a partially wooded flood plain
with floodable croplands managed specifically to attract migratory and winter-
ing waterfowl. Waterfowl use occurs on a year-round basis with highest con-
centrations during fall, winter and early spring months. In general, summer
flight patterns are unknown, although Candies Creek may be used by roosting-
staging wood ducks in late summer. Migratory and wintering waterfowl tend
to follow waterways comming upstream from the Blythe Ferry-Hiwassee Island
complex at the mouth of the Hiwassee River, entering Candies and Rogers Creek
embayments from the riverside and similarly for North and South Mouse Creek
embayments farther upstream. Return flights are essentially the reverse with
significant interchange between various embayments adjoining but on opposite
sides of the main river and especially between Rogers and Candies Creek Wild-
l~ife Management Areas.

Question Number 2.4:

Provide an analysis of potential impacts to birds including migratory waterfowl
from onsite vertical barries such as cooling towers.
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Response:

Elevated structures (cooling towers, transmission line,;, mete.e:-ological and
communication towers, and guy wires) cause some hazard to avian populations.
Reports of bird kills resulting from collisions with TV towers, lighted
buildings, and airport ceilometers exist in literature.

Substantial, multidirectional variation in avian mortality caused by elevated
structures is apparently related to a variety of factors including location
along migratory pathways, location in relationship to a height of surrounding
terrain, height and physical configuration of the structure, prevailing weather
conditions, illumination, etc. In general, major mortalities have occured
during coincident periods of peak migration and inclement weather conditions
at very tall TV towers (approximately 1,000 feet above ground level) and at
brightly lit buildings. However, significant mortalities have occurred on
clear nights with good visibility at certain locations. At present, we can
only concur with the conclusions of other workers (Crawford, 19Th) that cause
and effect relationships are not well understood.

We are not aware that bird mortality has been found to be significant at
power generation facilities with large structures (such as tall stacks and
natural draft cooling towers). Although we are unable to provide the
requested analysis of potential impacts to birds from onsite vertical
barriers, we do not expect significant avian mortality to occur at Watts Bar
Nuclear Plant.

Crawford, R. L. 1974. Bird casualties at a Leon County, Florida, TV tower:
October 1966 - September 1973. No. 18 Bul. Tall Timbers Res. Sta.
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Question Number 2.5:

Provide a description of transmission line corridor maintenance practices
that are anticipated to affect terrestrial biota, such as use of chemical
herbicides, access road maintenance and mechanical clearing.

Response:

The large majority of rights of way that are not kept clear by farming or
other uses are recleared on approximately 4- or 5-year cycles by the use of
farm tractors and rotary cutters supplemented with the necessary power sawing
of large trees that would endanger the transmission line. For right of way
that is inaccessible to mowing equipment and is remote to inhabited areas,
the brush is controlled by the aerial application of herbicidpl chemcials
registered with the Environmental Protection Agency and used within labeled
restrictions. When herbicides are used, there application is carefully
controlled to avoid damage to wildlife, damage to plants off the right of way
and contamination of watercourses. Watercourses are located by ground and
air reconnaissance, and no chenical is applied within 100 feet of any water-
course; those areas are cleared by hand or mechanical methods.

Occasionally, routine inspection and maintenance activities may require the
grading of a rough access road or the reclearing of an infrequently-used woods
road. When access is needed across a field or through brush where no previous
access existed, TVA repairs the area traversed to its original condition. TVA
does not maintain an elaborate system of access roads.

In connection with the Bellefonte Nuclear Plant, TVA has supplied NRC with a
document entitled REPORT OF TRANSMISSION LINE RIGHT OF WAY CLEARING AND MAIN-
TENANCE METHODS (BELLEFONTE NUCLEAR PLANT) dated January 1977, which the NRC
found fully acceptable for that project. We feel that reference to this
report will provide adequate response to NRC staff questions regarding TVA's
riethods of clearing and maintaining transmission line rights-of way. TVA has
also provided NRC with similar information in response to staff review
questions concerning the Hartsville Nuclear Plants, and Phipps Bend Nuclear
Plant and the Yellow Creek Nuclear Plant.

Question Number 2.6:

Summarize specific transmission line maintenance practices used in critical
areas (e.g., marshes, bogs, natural areas).

Response:

In performing transmission line maintenance, methods and equipment are used
which do little damage to the terrain. Normally, TVA uses rubber-tired
vehicles; but in some cases it is necessary to use a crawler type of tractor.
For marshes, bogs, etc., TVA has available a wide-tracked crawler type,
material and personnel carrier. These vehicles permit TVA personnel to get
to locations where line maintenance is required with little disruption
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to the terrain. When transmission line problems arise, it is necessary to
repair the transmission line as quickly as possible; however, TVA attempts
to accomplish this with a minimum of adverse effects to the environment.

In connection with the Bellefonte Nuclear Plant, TVA has suppled NRC with
a document entitled REPORT OF TRlANSMISSION LINE RIGHT OF WAY CLEARING AND
MAINTENANCE METHODS (BELLEFONTE NUCLEAR PLANT) dated January 19'/7, which
the NRC found fully acceptable for that project. We feel that reference
to this report will provide adequate response to NRC staff questions
regarding TVA's methods of clearing and maintaining transmission line
rights-of-way. TVA has also provided NRC with simililar information
in response to staff review questions concerning the Hartsville Nuclear
Plants, the Phipps Bend Nuclear Plant and the Yellow Creek Nuclear Plant.

Question Number 2.7:

Provide the maximum predicted and average electric field strength at one
meter above ground level for lines energized at 500-kV.

Response:

The calculated maximum electric field strength at one meter above ground
level for the 500-kV transmission line connections to the Watts Bar Nuclear
Plant is 9.1 kV(RMS)/meter. This maximum value will occur ht the low point
of conductor sag approximately three feet outside the outermost conductor.
Along the edge of the right-of-way at this same point, the calculated value
of electric field strength one meter above ground is 1.75 kV(RMS)/meter
(See Figure 2.7-1).
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Question Number 2.8:

Describe design features such as minimum ground clearances and protective
actions such as grounding and bonding, which will rmtig-tte bcth transienr-
current spark discharges and induced steady state-short circuit shock
potential on stationary objects (fences, etc.) and non-stationary objects
(tractor trailers, buses, farm equipment, etc.), which may be found beneath
the lines on roadways, in fields, etc.)

Response:

TVA designs all of its transmission lines to meet or exceed the minimum ground
clearances as specified by the National Electric Safety Code. Transmission
lines can, under certain conditions, cause mild static charges to develop
on some types of fencing and other ungrounded objects under the lines. These
charges are similar to the common static charges people experience when walking
on certain types of indoor carpeting in dry weather. To help alleviate this
annoyance, TVA incorporates in its construction procedure the grounding of all
fences which are located on a 500-kV transmission line corridor. If, in the
construction of a transmission line, it is necessary for TVA to cross through
a fence, the gate that is installed will be grounded along with the fence.
During the operational life of the transmission lines, TVA will investigate
reports of induced voltages and use corrective equipment and materials necessary
to eliminate the induced voltages on the right of way and off the right of
way with the permission of the landowner.

Question Number 2.9:

Provide an outline of any plans to be taken to monitor release of acid mist
and acid fly ash from plume mergence and possible resulting environmental
impact (FES-CP, p.2. 6 -19). Provide an analysis of deposition of salt drift
(NaCl) if predicted rates are greater than 20 kg/ha/yr and if no (sic) more
than 10 kg/ha are deposited in any single month during the most sensitive
part of the growing season.

Response:

A routine surveillance program for terrestrial effects of the Watts Bar Steam
Plant operation will be slightly expanded to cover inspection for these effects
when the Watts Bar Nuclear Plant cooling towers begin to function (about 1979,
if the projected schedule is maintained). During the growing season, at least
three site visits will be made by qualified TVA personnel in inspect vegetation
for any evidence of damage from acid mist and/or acid fly ash. Spring will be
the optimum time for inspection because the initial growth of the season is
generally more vulnerable. However, it is not expected that there will be
any significant effects, especially offsite.

A study of drift from natural draft cooling towers was conducted for the Harts-
ville Nuclear Plants. A summarization of the method and results of the study
is given in the response to Question 5-14 on the Hartsville Nuclear Plants
Environmental Report. A conservative estimate of drift deposition at the
Watts Bar Nuclear Plant can be obtained by use of the results of the Hartsville
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drift study. Cooling tower design and operation information relevant to drift
deposition at the two sites follows:

1. The Hartsville drift deposition study utilized meteorological conditions
conducive to maximum cooling tower drift rates. The assumed meteorological
conditions can be expected to occur at either site, although rather in-
frequently. Also, deposition was assumed to be distributed evenly over
a 450 sector, so that site specific wind data were not necessary.

2. The Hartsville cooling towers will be sL_`,htly !arger than the Watts Bar
cooling towers. Respective Hartsville and. Watts Bar cooling tower

dimensions are 425 and 354 feet for tower diameter (top) and 530 and
478 feet for tower height.

3. Cooling tower makeup water will be supplied at maximum rates of 250 ft 3 /s
and 172 ft 3 /g. at Hartsville and Watts Bar, re.-pectively. At both plants,
the cooling tower makeup water iis expected to have a rnaxLmum total dis-
solved solids contents of 153 mg/i.

4. Estimated drift rate per tower is similar at the Hartsville and Watts Bar
Nuclear Plants. The drift rates are 45 gal/min and 50 gal/min, respec-
tively.

5. The Hartsville study used a concentration factor 6.6, which corresponds
to a drift mass flux of 529 lbs/day/tower. The Watts Bar cooling towers
will normally operate with a concentration factor of 2, which corresponds
to a drift mass flux of 150 lbs/day/tower.

6. The Hartsville study reported a maximum of about 2.8 mg/m 2 /day (0.84 kg/
ha/month) at the distance of slightly greater than 1 kilometer for a two-
tower group. Applying the maximum rate over the entire year gives a value
of 10.08 mg/ha/yr for total solids deposition. NaC1 salt will comprise
only a small fraction of the total solids deposition.

Based on the above information, TVA concludes that an analysis of salt (NaCl)
drift deposition at the Watts Bar Nuclear Plant site is not required.

Question Number 2.10:

Provide an updated list of threatened or endangered fauna and flora species
(Federal Register Vol. 40:127, Part V, July 1, 1975, and Vol. 41:208, Part IV,
October 27, 1976) known to occur along the proposed transmission corridors
and adjacent areas, their seasons of occurrence and critical habitats. This

may be done by consulting with the Regional Office of the Fish and Wildlife
Service (Threatened and Endangered Species Specialist), together with state
liaison representatives or specialists.

Response:

Sensabaugh Cave, located 2.2 air miles northwest of Ten Mile, Tennessee, is
klown to support a suimrrjr colony of the gray bat (1rot.: ,'i ) This
cave is located approximately 0.3 miles southeast oC tno pV-o-nsed Watts Bar-
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the cooling tOl-ler makeup water iu expecteti to have a 1'lu..--:imum totH.l dis
solved solids contents of 153 mg/l. 

4. Estimated drift rate per tower is similar at the Hartsville and Watts Bar 
Nuclear Plants. The drift rates are 45 gal/min and 50 gal/min, respec
tively. 

5. The Hartsville study used a concentration factor 6.6, which corresponds 
to a drift mass flux of 529 Ibs/day/tower. The Watts Bar cooling towers 
will normally operate with a concentration factor of 2. which corresponds 
to a drift mass flux of 150 Ibs/day/tower. 

6. The Hartsville study reported a maximum of about 2.8 mg/m2/day (0.84 kg/ 
ha/month) at the distance of slightly greater than 1 kilometer for a two
tower group. Applying the maximum rate over the entire year gives a value 
of 10.08 mg/ha/yr for total solids deposition. NaCl salt will comprise 
only a small fraction of the total solids deposition. 

Based on the above information, TVA concludes that an analysis of salt (NaCl) 
drift deposition at the Watts Bar Nuclear Plant site is not required. 

Question Number 2.10: 

Provide an updated list of threatened or endangered fauna and flora species 
(Federal Register Vol. 40:121, Part V, July 1, 1975, and Vol. 41:208, Part IV, 
October 27, 1976) known to occur along the proposed transmission corridors .-and adjacent areas, their seasons of occurrence and critical habitats. This 
may be done by conGulting with the Regional Office of the Fish and Wildlife 
Service (Threatened and Endangered Species Specialist), toeether with state 
liaison representatives or specialists. 

Response: 

Sensabaugh Cave, located 2.2 air mile" northwest of Ten Mile, Tennessee, is 
Y.nown to support ~ SU!lJm~r colony of the gray brlt (!.t:rfl\'i:· n''''; ;;":--~I~""S). This 
cave is loca.ted approximately 0.3 miles zouthea~t () r ttl" p""o!lf)~~ed "latts B:'l.r-
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Volunteer 500-kV transmission line.

The line crosses the Watts Bar Dam tailwater. Lampsilis orbiculata, listed
by the Federal Government as an endaingered :opecies, .s found in the tailwater
in the vicinity of the plant but will not be affected by construction of the
line. The line will also cross the Little Tennessee River at river mile 7 and
the snail darter (Percina tanasi), an endangered species, is found in this
portion of the river. At the time the environmental assessment for this
project was completed, three threatened plant species, listed by the U.S.
Department of the Interior, were potential inhabitants of the area traversed
by the right of way. Bugbane (Cimicifuga rubifolia, Kearney) and yellow
foxglove (Aureolaria patula (Chapm.) Pennell) found along wooded river bluffs,
were not, however, included in the latest list issued by the Department of the
Interior (Federal Register, June 16, 1976, Vol. 4l, No. 117). Both species
bloom in late summer, August and September. Price's potato bean (Apios
priceana, Robinson) occurs as a threatened species on the latest Department
of the Interior list. This species blooms in spring and current information
reveals it is not found in the region traversed by the proposed right of way.

Question Number 2.11:

Provide the staff with a copy of the Volunteer, Tennessee, 500-kV Substation
and Transmission Connections, Final Environmental Statement (July 6, 1976).
Provide documentation of consultations with the Tennessee Historical Commission
and other appropriate historical and archaeological agencies for coordination
and identification of historical and archaeological sites ("Environmental
Information", TVA, November 18, 1976, p. A-2).

Response:

Preliminary historical coordination with the Tennessee Historical Commission
did not reveal any conflicts with the proposed Watts Bar-Volunteer 500-kV
Transmission Line (letter dated January 9, 1976, included with this response).
Final historical and archaeological coordination is currently in progress
and should be completed during May 1977. Documentation of final coordination
and consultations will be available to NRC when completed.

Six copies of the Volunteer, Tennessee 500-kV Substation and Transmission Line
Connections Final Environmental Statement (July 6, 1976) have been included
in a separate package that is being transmitted directly to the NRC staff
Environmental Project Manager (on Watts Bar Nuclear Plant) for distribution
to the appropriate NRC-staff technical reviewer(s).
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TEtNESSEE HISTORICAL COMMISSION
170 SECOND AVENUE. NORTH
NASHVILLE. TENNESSEE D3701
TELEPHONE (&15) 741.2371

I4-RBERT L. HARPER. Evm.f; Dieitor January 9, 1976

"Ir. Robert E. Roark
YIecreation Planner
Recreation Resources Branch
Division of Reservoir Properties
TVA
:xnoxville, Tennessee 37902

Dear Bob:

This will acknowledge
with the maps showing
the Watts Bar Nuclear
in Knox County.

receipt of your letter of December 19 together
the proposed route of a transmission line from.
Plant in Rhea County to the Volunteer Substation

Based upon the information submitted, I am not aware of any historical
or cultural resources that would be affected by this project. However,
it is possible that an on-site inspection might reveal properties of
historical or architectural significance.

Sincerely,

:;erbert L. Harper

E1L1: 11

P.AY BLANTON. C,o.pracr,

.. C~~t .r... u . -wv~i

A. R. ALI ISON. Com-4sioritt to

IIAi9.1V W. WI ILICKIl). 1.-mr 1110MIr W114',110N. br4lol

~;ATE Of TENNESS •• (2-10) 
j-f.r·;NESSEE HISTORICAL COMMISSION 
170 SECONO AVENUE. NORTH 
NASHVILLE. TENNESSEi l7101 
TELC~HONE (615) 7~1·2171 

H:UERT l. HAlPf~. E.~<.Ij •• Oi,eclo, 
!.t"'e hidoric o,~se'"ol;o" Office, 

~·lr. Robert E. Roark 
r:ccrea tion Planner 
Recreation Resources Branch 
Division of Reservoir Properties 
TVA 
:-(nv>:vilie, Tennessee 37902 

De"r Bob: 

.January 9, 1976 

~:lis will acknowledge receipt of your letter of December 19 together 
with the maps showing the proposed route of a transmission line from. 
the Watts Bar Nuclear Plant in Rhea County to the VoiunteerSubstation 
in Kno>: County. 

l:lZlscd upon the information submitted, I am not a\·,are of any historical 
or cultural rCGources that would be affected by this project. However, 
it is possible .that an on-site inspection m,ight reveal properties of 
historical or architectural significance. 

Sincerely, 

;ierbert 

)~ . 

. ;/J"rr-
L. Harper ". 

ri:L.l!: 11 

r; CHAr 0 Vii' [~'."'f. N.", •• al" 
v .. r ... ; ..... 1011 

I.'A~~" W. WII Lln~ll. I ... ·~.r.hj' 
Lh,\.,f., ... " 

T M".m: WIII:'TCIN. ""'0' 
v,'.I'.(:h.,.,,. ..• ,, 
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Question Number 2.12:

Indicate TVA's policy on substitution of more desirable wildlife plantings in
place of Kentucky 31 fescue. Provide estimations of comparative cost and
specific problems associated with substitutions.

Response:

There are some instances where a grass seed mixture is substituted for Kentucky
31 fescue. Usually, this is the practice on managed wildlife preserves and
refuges where men and equipment are available to seed -and restore the land to
their own satisfaction. In such cases their expenses are reimbursed by TVA
with no measurable increase in cost over the normal contracting method. For
further information see responses to Phipps Bend Environmental Report Questions
(e.g., question 4.9 of Phipps Bend ER, Supplement 1).
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3. AQUATIC ECOLOGY

Question Number 3.1:

Provide (in tabular format) data for the 1971-1973 catch of commercial and
recreational fish and shellfish from Chickamauga Reservoir. Report the
catch by principal species, indicating the quantities used as human food.
In qualitative terms, describe any anticipated chanpe from the 1971-1973
catch levels.

Response:

Fish

Table 3.1-1 shows the 1971-1973 commercial fish harvest estimate for individual
Tennessee Valley Authority reservoirs. The Chickamauga catch ranked seventh
(373,000 pounds) and was 5.0 percent of the Valley-wide estimate. We expect
this percentage, on the average, is applicable over a five-year period, and
do not anticipate future catches to deviate over 12 percent from the average.
The Chickamauga commerical harvest was 100,000 pounds in 1963 and lhI,000
in 1965. These estimates were 2.8 and 1.1 percent, respectively, of the
Valley's total harvest estimates. Table 3.1-2 shows species catch for
Chickamauga Reservoir for 1972. These data are the most recent commercial
harvest data available, and they probably will not be updated until the
latter part of 1977 or 1978. A subarea survey is conducted yearly, but it
is not possible to specifically identify the Chickamauga portion of these
data.

Included with this response is a summary report of the sport fish harvest for
Chickamauga Reservoir covering 1972-1975. This information shows trends of
reservoir-wide harvest and pressure.

Shel1i sh

a. The annual shell harvest for the Tennessee River from 1945-1967 is shown in
Table 31 of the Environmental Information document dated November 1976.
Information for recent years is as follows:

Annual Shell Harvest - Chickamauga Reservoir

Year Total Shells (tons) Species

1970 7 pigtoe (P. cordatum)
1971 None
1972 None
1973 Reports indicate a few mussels were harvested. Kinds or

tons not identified.
197! Reports indicate a few mussels were harvested. Kinds or

tons not identified.
1975 Reports indicate a few mussels were harvested. Kinds or

tons not identified.
1976 No data collected.
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Principal commercial species in the area are Quadrula pustulosa, Pleurobema
cordatum, Quadrula metanevra, and Plagiola Lineolate.

b. There are no "shellfish" (mussels) harvested for human comsumption.

c. There are no shellfish harvested currently or pr•,jected for recrTe:Ltional
purposes in the TVA area.
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Table 3.1-1 Estimated annual harvest from TVA reservoirs - 1971-1973.

Reservoir Annual Pounds Harvested

Guntersville 1,938,000

Wheeler 1,938,000

Wilson 806,000

Fort Loudon 593,000

Nickajack 491,000

Douglas 422,000

Chickamauga 373,000

Watts Bar 107,000

Cherokee 40,000

Table 3.1-2 1972 Chickamauga Reservoir commercial fisherman survey (actual
catch of 2h.32 percent of fisherman).

Pounds Pounds sold Pounds sold
Species Caught to dealers to individuals

Catfish 45,409 23,858 21,141

Buffalo 34,870 31,400 3,320

Carp 10,180 7,000 3,080

Drum 160 160 -

Spoonbill 160 160

Others - - -

Total 90,779 62,578 27,541
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SURVEY OF SPORT FISHING

CHICKAMAUGA RESERVOIR

January 1, 1972 through December 31, 1975

Introduction

This report covers data collected during a year-round survey of

sport fishing effort and success in Chickamauga Reservoir prior to

operation of Sequoyah Nuclear Plant. It is one phase of an overall study

to determine possible effects of Sequoyah Nuclear Plant on reservoir

fisheries conditions. Data presented were collected from January 1972

through December 1975.

Survey procedure was formulated by personnel of the Tennessee

Wildlife Resources Agency (formerly Tennessee Game and Fish Commission)

and TVA following closely a design prepared for Tennessee by Dr. D. W.

Hayne of the Institute of Statistics at Raleigh, North Carolina. Collection

of field data was performed by TVA personnel; data processing by TVA and

Tennessee Wildlife Resources Agency.

Chickamauga Reservoir at full pool (elevation 682.5) is 15,740 ha.

Its shoreline stretches for 1,300 K1 through five Tennessee counties.

Chickamauga Dam is located 760 KI upstream from the mouth of the Tennessee

River and impounds water 95 Kl upstream to the base of Watts Bar Dam.
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Methods

This survey was of the roving clerk type with day, work area,

and time of day randomly selected. Workdays were drawn, with replacement;

until enough days had been selected to fill out the prescribed five-day,

weekly work load for the clerk; a record was kept of the number of times

it was necessary to draw each day in order to complete the weekly schedule.

After the workdays for a week had been selected, the work area and time

for each day were chosen. Work areas were laid out to be just large

enough to be covered in a boat in one work period. Chickamauga Reservoir

was divided into seven work areas--four above the plant site, one including

the plant site, and two below the plant (see map).

Each day was divided into two work periods, from sunrise until

noon and from noon until sunset (except during Daylight Savings Time when

the division was at 1:00 p.m. instead of noon). After the time of day had

been selected, the given time for making the instantaneous counts was

chosen at random from four possible- times during the work period. At this

preselecteA time, the clerk counted the number of persons fishing in the

work area." During the rest of the work day, the clerk collected information

on the number of each species of fish caught, the weights of individual

fish, hours fished, and related data from each fisherman interviewed. A

more comprehensive questionnaire, including economic information, was

completed for every tenth fisherman interviewed. Estimates of fishing

success were made from the interviews and estimates of fishing pressure

from the counts of fishermen; total catch was estimated as the product

of success and pressure.

c; 
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A separate estimate of the weekly fishing pressure in fisherman

hours (P) was made for each work period by use of the following formula:

p m aXc
b x d x e

where

a - work area count

b - probability of drawing this work area

c - number of hours in work period

d probability of drawing this work day

e probability of drawing this work time (a.m. or p.m.)

The probabilities for work days, areas, and times had been assigned using

information on fishing pressure provided by TVA personnel from previous

information of fishermen use on Chickamauga Reservoir. Each day's estimate

of weekly pressure was weighted by the number of times that particular

day was drawn in setting up the original sampling schedule and combined

as a mean (P) for the week.

F~stimated weekly harvest (number) of each species is the average

catch per hour of that species from the clerk's total interviews for the

week multiplied by the pressure (C). The weekly harvest of a particular

species multiplied by its average weight in the creel provides the weekly

weight of each species caught. Estimated total number and weight of all

fish caught each week are summations of the catch of.individual species.
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Total number of fishing trips is derived from the average length

of completed fishing trips in hours divided into the total fisherman

hours. Total and itemized expenditures per fishing trip were obtained by

adding all economic interview data'and dividing by the number of such

interviews.

All tabulations and calculations used in this survey were made

by IBM 360-20 computer using programs developed and written by Dr. Don

Ilayne of the Institute of Statistics, North Carolina State University at

Raleigh. The computer program prints the creel clerk's work schedule,

expands the counts into estimated pressure and, employing catch data,

makes harvest estimates by week, month, and year.

Results

Fishing Pressure

Total fishing effort for Chickamauga Reservoir during the 48-month

period, January 1, 1972, through December 31, 1975, was estimated to be

1,045,500 .ours, or 276,000 trips. From January 1 through December 31, 1972,

the total effort was 338,900 hours, or 82,800 fishing trips. During the 12

months of 1973, 252,100 hours and 64,100 trips were estimated. During

the 12 months of 1974, 216,900 hours and 60,400 trips were estimated. From

January 1 through December 31, 1975, the total effort was 237,600 hours, or

68,900 fishing trips (Table 1).
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Fishing pressure varied seasonally with major effort expended

during May in 1972 (81,238 hr) and July in 1975 (39,500 hr). Minimum

effort occurred during December in 1972 (1,647 hr) and January in 1975

(5,225 hr). The average length fishing trip was 4.1 hr in 1972, 3.9 hr

in 1973, 3.6 hr in 1974, and 3.5 hr in 1975. Mean annual effort per

hectare was 21.5 hr (5.3 trips) in 1972, 16 hr (4.1 trips) in 1973,

13.8 hr (3.8 trips) in 1974, and 15.1 hr (4.4 trips) in 1975.

Catch

The total estimated catch for the 48-month period was 917,800

fish and 264,200 Kg. The estimated catch for 1972 was 288,600 fish

weighing 79,100 Kg. During 1973 an estimated harvest of 244,700 fish

at 91,515 kg was made. The estimated catch for 1974 was 204,500 fish

weighing 47,300 Kg. During 1975 an estimated harvest of 180,000 fish at

46,300 Kg was made (Table 2).

The mean catch per hour was 0.85 fish in 1972, 0.98 in 1973, 0.94

in 1974, and 0.76 in 1975. In terms of biomass the catch rates were 0.23,

0.36, 0.2., and 0.19 Kg/hr respectively. The annual catch per hectare was

18.3 fish in 1972, 15.5 fish in 1973, 13.0 fish in 1974, and 11.4 fish in

1975; 5.0, 5.8, 3.0, and 2.9 Kg/hr respectively.

Twenty-seven taxa were identified in the sport fish catch. White

crappie were the dominant species in all four years. White crappie

accounted for 35, 59, 27, and 37 percent of the total harvest by number in

1972, 1973, 1974, and 1975 respectively. In terms of biomass white crappie
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Made up 30, 36, 24, and 29 percent respectively. Other dominant species in

the catch were bluegill, white bass, channel catfish, drum, and largemouth

bass. These six species mentioned comprised 88 percent of the total sport

fish catch by number and 78 percent by weight.
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Hours of Pressure* Number of Trips

Month 1972 1973 1974 1975 1972 1973 1974 1975

January 2,854 10,609 6,840 5,225 738 2,121 1,504 1,778

February 4,197 5,444 8,093 14,994 1,109 J,089 2,416 7,497

March 40,377 17,041 12,915 19,074 10,424 4,868 2,974 5,020

April 33,246 35,848 27,250 29,925 8,258 8,234 7,494 7,742

May 81,238 37,835 28,527 30,660 17,607 10,510 7,486 7,665

June 75,374 29,961 18,663 18,231 18,170 6,478 5,096 6,077

July 45,543 19,096 32,350 39,500 11,347 5,338 11,100 9,943

August 20,577 38,678 28,880 22,578 5,558 9,618 6,650 5,571

September 14,193 19,477 15,594 19,647 4,152 5,361 5,124 6,552

October 11,119 25,528 21,080 19,838 2,623 7,326 5,302 5,209

November 8,570 6,494 9,546 12,300 2,443 1,341 2,803 3,917

December 1,647 6,045 7,130 5,500 330 1,780 2,413 1,834

Total 338,935 252,056 216,868 237,572 82,759 64,064 60,362 68,805
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Table 2. Estimated catch by species, January 1, 1972, through December 31, 1975, Chickamauga Reservoir,
Tennessee.

Number Biomass (Kg)

Species 1972 1973 1974 1975 1972 1973 1974 1975

White crappie 99,838 143,392 55,873 66,444 23,764 33,145 11,441 13,265
Bluegill 73,845 38,102 75,749 46,348 8,913 5,980 9,994 6,942

White bass 29,108 12,005 13,779 10,850 10,470 3,857 4,340 2,571
Channel catfish 20,901 13,517 14,213 15,370 9,501 10,541 6,805 7,546
Drum 17,414 4,557 4,229 544 6,311 1,479 1,292 127
Largemouth bass 15,972 10,066 12,295 16,916 8,425 5,286 5,684 9,076
Skipjack herring 3,304 1,378 1,336 210
Blue catfish 5,746 5,106 3,108 2,360 2,432 24,947 1,147 753
Redear sunfish 6,494 3,449 10,446 6,916 1,007 610 1,630 1,348
Spotted bass 5,508 3,434 4,025 4,537 1,845 1,427 1,554 1,526
Smallriouth bass 4,283 97 163 362 1,827 42 91 101
Black crappie 1,874 2,068 -4,215 4,234 440 474 948 1,072
Sauger 1,410 3,679 4,737 3,502 981 1,374 1,651 887
Other sunfish* 398 841 259 273 53 123 21 33'
Yellow perch 564 909 566 73 179 i11
Yellow bass 390 225 475 747 70 79 98 84
Flathead catfish 633 286 30 497 364 216 14 955
Rockbass 323 564 138 103
Bullhead 142 110 86 107
Carp 270 96 28 704 185 57
Walleye 68 137 124 188
Smallkouth buffalo 42 7 103 8
Longnose gar 90 90

Rockfish 12 842 33 16 1,243 62
Mooneye 18 7
Minnows 76 7
Paddlefish 48 44

Total 288,647 244,696 204,518 179,900 79,080 91,515 47,279 46,286

*Includes longear sunfish, green sunfish, warmouth, etc.
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Table 3. Harvest rate of sport fish, January 1, 1972, through
December 31, 1975, Chickamauga Reservoir, Tennessee.

Harvest per hour of fishing Harvest per hectare

Number Biomass (Kg) Number Biomass (Kg)

1972 0.85 0.23 18.3 5.0

1973 0.97 0.36 15.5 5.8

1974 0.94 0.21 13.0 3.0

1975 0.76 0.19 11.4 2.9
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Question Number'i.2:

Provide a qualitative estimate of the fishing success that could occur at
the closest, publicly accessible, location to the diffuser discharge.

Response:

During the previously mentioned sport fish creel survey, the analysis system
employed was not conducive to data summaries by subareas of the reservoir.
In 1976 changes were made in the data analysis system to accommodate
subarea estimates. The 1976 data have not been completely analyzed but
should be completed by June 1977. The area nearest the diffuser and most
heavily utilized by sport fishermen is the Watts Bar tailwater, immediately
below the dam.

Question Number 3.3:

Provide a list of aquatic species (or lowest practical taxa) which are
"important" as defined by NRC Reg. Guide 4.2.

Response:

Table 3.3-1 includes 60 fish species that were collected over the past 15
years with cove rotenone samples in Chickamauga Reservoir. Using a liberal
interpretation of NRC Reg. Guide 4.2, all of these species can be considered
important.

Table 3.3-2 includes mussels considered "important" and their criteria for
being considered "important" as described in NRC Regulatory Guide 4.2.
No other group of aquatic organisms other than fish fall into this
"important" category.
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TABLE 3.3-1

Fish Species List Obtained from Cove
Rotenone Samples in Chickamauga Reservoir

Common Name Scientifi

Chestnut lamprey Icythyomyzon

Number

1

c Name

castaneus Girard

oculatus (Winchcii)Lepi sOstell s2

3

4

5

6

7

8

9

Spotted gar

10

11

12

13

14

15

16

17

18

19

20

21

Longnose gar

Shortnose gar

Skipjack herring

Gizzard shad

Threadfin shad

Mooneye

Stoneroller

Rosyside dace

Carp

Silver chub

Golden shiner

Emerald shiner

Ghost shiner

Spotfin shiner

Striped shiner

Bluntnose minnow

Bullhead minnow

River carpsucker

Quillback carpsucker

Highfin carpsucker

Northei hog sucker

Smallmouth buffalo

Bigmouth buffalo

L. osseus (Linnaeus)

L. platostomus Rafinesque

Alosa chrysochioris (Rafinesque)

Dorosoma cepedianum (Lesueur)

D. petenense (Guinther)

Hiodon tergisus Lesueur

Campostoma anomalum (Rafinesque)

Clinostomus funduloides Girard

Cyprinus carpio Linnaeus

Hybopsis storeriana (Kirtland)

Notemigonus crysoleucas (Mitchill)

Notropis atherinoides (Rafinesque)

N. buchanani (Meek)

N. spilopterus (Cope)

N. chrysocephalus (Rafinesque)

Pimephales notatus (Rafinesque)

P. vigilax (Baird and Girard)

Carpiodes carpio (Rafinesque)

C. cyprinus (Lesueur)

C. velifer (Rafinesque)

Hypentelium nigricans (Lesueur)

Ictiobus bubalus (Rafinesque)

I. cyprinellus (Valenciennes)

22

23

24

25

Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
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Scientific Name 
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~ osseus (Linnaeus) 

.1...=- platost(lmu~ RafinesGue 

Alosa chrysochloris (Rafinesque) 

Dorosoma cepedianurn (Lesueur) 

~ petenense (Gunther) 

Hiodon tergisus Lesueur 

Campostoma anomalum (Rafinesque) 

Clinostomus funduloides Girard 

Cyprinus carpio Linnaeus 

Hybopsis storeriana (Kirtland) 

Notemigonus crysoleucas (l>1itchill) 

Notropis atherinoides (Rafinesque) 

N. buchanani (Meek) 

N. spilopterus (Cope) 

N. chrysocephalus (Rafinesque) 

Pimephales notatus (Rafinesque) 

~ vigi1ax (Baird and Girard) 

Carpiodes carpiO (Rafinesque) 

C. cyprinus (Lesueur) 

C. velifer (Rafinesque) 

Hypente1ium nigricans (Lesueur) 

Ictiobus hubalus (Rafinesque) 

I. cyprinellus (Valenciennes) 



(3-6)

TABLE 3.3-1 (continued)

Number Comnon Name

26 Black buffalo

27 Spotted sucker

28 Silver redhorse

29 Shorthead redhorse

30 River redhorse

31 Black redhorse

32 Golden redhorse

33 Blue catfish
34 Black bullhead
35 Channel catfish

36 Flathead catfish

37 Blackstripe topminnow

38 Blackspotted topminnow

39 Mosquitofish

40 White bass

41 Yellow bass

42 Rock bass

43 Warmouth

44 Redbreast sunfish

45 Green sunfish

46 Orangespotted sunfish

47 Bluegill

48 Longear sunfish

49 Redear sunfish

50 Smallmouth bass

51 Spotted bass

Scientific Name

Ictiobus niger (Rafinesque)

Ninytrema melanops (Rafinesque)

Moxostoma anisurum (Raflnesque)

'. macrolepidotum (Lesueur)

M. carinatum (Cope)

M. duquesnei (Lesueur)

M. erythrurum (Rafinesque)

Ictalurus furcatus (Lesueur)
I. melas (Rafinesque)
I. punctatus (Rafinesque)

Pylodictis olivaris (Rafinesque)

Fundulus notatus (Rafinesque)

F. olivaceus (Storer)

Gambusia affinis (Baird & Girard)

Morone chrysops (Rafinesque)

M. mississippiensis Jorden and Eigenmann

Ambloplites rupestris (Rafinesque)

Lepomis gulosus (Cuvier)

L. auritus (Linnaeus)

L. cyanellus Rafinesque

L. humilis (Girard)

L. macrochirus (Rafinesque)

L. megalotis (Rafinesque)

L. microlophus (GUnther)

Micropterus dolomieui Lacepede

M. punctulatus (Rafinesque)
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TABLE 3.3-1 (continued)

Number Common Name

522 Largemouth bass

53 White crappie

54 Black crappie

55 Rainbow darter.

56 Yellow perch

57 Logperch

58 Sauger

59 Freshwater drum

60 Brook silverside

Scientific Name

Micropterus salmoides (Lacep'de)

Pomoxis annularis Rafinesque

P. nigromaculatus (Lesueur)

Etheostoma caeruleum Store-

Perca flavescens (Mitchill)

Percina caprodes (Rafinesque)

Stizostedion canadense (Smith)

Aplodinottis grunniens Rafinesque

Labidesthes sicculus (Cope)

TABLE 3.3-1 (continued) 

Number Common Name 

52 ~ Largemouth bass 

53 White crappie 

54 Black crappie 
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Scientific Name 

Microptcrus salmoides (Lac~p~de) 

Pomoxis annul&ris Rafinesque 

~ nigromaculatus (Lesueur) 

Etheostoma eneruleum Storer 

Perea flavescens (Mitchill) 

Perc ina caprodes (Rafinesque) 

Stizostedion E.finaciense (Smith) 

Aj,)lodinotlls grunniens Rafinesque 

Labidesthes sicculus (Cope) 
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TABLE 3.3-2

Number Common Name Scientitic Name

I. Species that are commercially valuable:

1. White wartyback Quadrula pustulosa

2. Ohio River pigtoe I'leurobema cordatum

3. Three-ridge Amblema plicata

4. Monkeyface Quadrula metanevra

5. Butterfly Plagioila lineolata

II. Species that is rare, threatened, or endangered:

1. Pink Mucket Lampsilis orbiculata

III. Species that is biological indicator of radionuclides in
the environment:

1. Asiatic clam Corbicula manilensis
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Question Number 3.4:

Provide detai]ed information on concentrations and di stribution (spatial.ly)
of fish early life stages in the site vicinity. Desýr'ite any ongoing
or planned studies to determine the relative significance of the tailrace
spawning habitat to the Chickasmauga Reservoir (e. t., compare with spav.nin~f7
of the same species in tributaries to the Reservoir).

Response:

Following is a discussion of the larval Fish entrainment data coilec-ted
in 1976.
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CONCENTRATIONS AND SPATIAL DISTRIBUTION OF ICKII fO2PLdiK!T0 IN TTHE
VICLNITY OF WATTS DAi NUCLEAR PLANlT

To determine the spatial and temporal concentrations and distributions

of ichthyoplankton in the vicinity of Watts Bar liuclear Plant Site samples

were taken along a transect adjacent to thi J.nt -- e construction site at

Tennessee River Mile 528.0. Five stationu uquidiztantly spaced, were

sampled biweekly from March 29, 1976 through September 9, 1976. At each

station, full-stratum samples were taken four times a day (dawn, day, dusk,

night) during each sampling period. All samiples were taken with a 0.5 m

beam net (0.5 mm mesh)towed at 1.0 m/sec. Flow was recorded with a General

Oceanics large-vane flowmeter mounted in the net mouth. All tows were of

.310 min duration, and approximately 150 M. of water was filtered with each

tow. All tows were in an upstream direction.

Samples were preserved in the field in 10 percent Formalin and returned

to the laboratory. Fish early life stages were identified to the lowest

possible taxon using polarized stereomicroscopy and available taxonomic

keys (e.g., Hogue, Wallus and Kay, 1976; MPay and Gasaway, 1967; Norden, ;S:

Taber, 1967). Level of identification depended upon taxon in question,

developmental stage and condition of specimens. Mutilated specimens were

termed "unidentified" and those identifiable only to the family level were

termed "unspecified".

Fish larvae of 16 taxa belonging to 8 families were collected (Table 1).

Unspecified clupeids were the most abundant tax.on overall (91.17 percent

relative abundance). The only other taxa which exceeded 1.0 percent relative

abundance were Aplodinotus grunniens (freshwater drum) and Lcpomis spp.
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sampled biweekly from Earch 29, 1976 through SelJtcmber 9, 1976. At each 

stat~on, :f'u1l-stra.tum samples were taken four times a day (dawn, day, dusk, 

night) during each sampling period. Jill sc.r;:ples vere taken with a 0.5 m 

beBJll net (0.5 rom mesh)towed at 1.0 m/sec. Flm·, was recorded with a General 

Oceanics large-vane flowmeter mounted in the net mouth. All tows were of 

10 min d~ation, and approximately 150 m3 of water was filtered with each 

tow. All tONS were in an upstream direction. 

Samples were preserved in the field in 10 p~rcent Formalin und returned 

to the laboratory. Fish early life stages were identified to the lowest 

possible taxon using polarized stereomicroscopy and available taxonomic 

keys (e.g., Hogue, Wallus and Kay, 1976; gay anel Gasaw3¥, 1967; Norden, r.S: 

Taber, 1967). Level of identification depended upon taxon in question, 

developmental stage and condition of specimens. Mutilated specimens were 

termed "unidentified" and those identifiaule only to the fa.roily level were 

termed "unspecified". 

Fish larvae of 16 taxa beloncing to 8 families .,ere collected (Table 1). 

Unspecified clupeids were the mo::;t abundant t3.:wn ovcrllll (91.17 percent 

relative nbundance). The only other taxa "'hich exceeded 1. 0 percent rela.ti ve 

a.bundance were Aplodinotus grunniens (frenhwat~r drum) and L~pomis·spp. 



Table 1. Total Kunmber Captured Rc. Ri:tivc Aibuxance ("I of Fish Larjae.

Pcrcent Relativ,Ž
.1'3'i.xtor /1,rc. Cw,' i., : [(',(¼uu]d .•~

Clupeidae

Unspecified clupeids 9)13 91.17

Dorosoma cepedianum 2 0.02

Dorosoma petenense 32 .2

Sciaenidae

Aplodinowus grunnienL ;0i 5.53

Centrarchidae

Lepomis spp. 20') 1.92

Pomoxis spp. 20' 0. 01

Ictaluridae

Ictalurus furcatus 1 0.01

Iceatlurus punctatus 45 o.141

Pylodictis olivari i 0.01

Cyprinidae

Unspecified cy-prinids 7 0.06

Pimenhales group 1 0.01

Cyprinu_ carpio 27 0.25

Percicthyidae

Morone ,p. 1 0.01

Morone (riot naxatilio) 5 0.05

Catostomiadae

Mirnytrein'a mela-nops 2 0.02

Percidae

Stizostedion sp. 1 0.01

Unidentified 1 0. 01

Percent Hel~tivc 
J'..[", ~~;1 \ I ::1.1 ~;~ l~~ --------_.- --- --.- ._----------- -_._--------------

Clupeidae 

Unspecified clupeidz 9! t~ ':) 
/.J....; 91.17 

DO!'030ma ce;eedianwn 2 0.02 

Dorosoma petenense 32 U.2Y 

Sciaenidae 

AplodinC):; us grun:-tlen:; 60:L 5.53 
Centrarchidae 

LeEor:lis spp. 20) 1·92 

Pomoxis spp. 2LI 0.01 

Ictaluridae 

Ictalurus furca.tu:; 1 0.01 

Icatlurus Eunctatus 45 0.41 

PylodicUs olivu.r.i :.; 1 0.01 

Cyprinidae 

Un~pecified cJ.'-:prinid:; 7 0.06 

Pimel"ha.les croup 1 0.01 

Cyprinus carpio 27 0.25 

PercicthyiCiae 

Horone np. 1 0.01 

Morone (not :::.ucatlll:.: ) ~ 0.05 

CO:tostomidae 

N.inytrema melanops 2 0.02 

Percidae 

Stizostedion sp. 1 0.01 

Unidentified 1 0.01 
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Few larvae were collected which were prodluced by inlgratory (tailrace)

spawners. These were six Morone spp., two W..rr'mZro, mol'nanO, and a sinrgle

2 tizostedion spp. The co;Mne d rmlative aWhWii,..n. of timese taxa wao ,.

thun one tenth of one percent of the total ct:ih. 11" the Watts Bar tai2race

had been an important spawning area in 1)70. we would have expected their

young to have occurred in considerably hig.her numbers.
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Few larvae were collected \o,hlch "'ere prchluc:e::l by mic;ratory (tailrace) 

thun one tenth of one percent of the totnl cu.tt:l!. If' the Hatt~ .i3ar taill'l.lcc 

hv.d been D.Jl i..":lportant spa'ttLling area in 1~'7': ,. 'de \.;ould have expected their 

young to have occurred in considerably hi[;her nurnberu. 
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Of the taxa collected, only clupeids were abundant cnouzh no rmerit cii%::c

scrutiny of their spatial distribution. thuring sc :plirg periods 3-il

clupeids were collected at all stations a.n n ro ino.tce was there more

than an order-of-magnitude difference bten concentlurations a- the five

vtations (Figure 1). Also, there wa:, no consistent pttern of high or l.ow

concentrations at any one station; thercfore, the horizont._L distribution of

clupeids was essentially uniform throughout the season. Unifo=-ity of

horizontal distributions of most taxa is also apparent upon cxa.'rination of

percent relative abundance of all taxa collected by station (Table 2).

ictalurids were most abundant at the niiddle channel station (the deepest

water station). All ictsaluridc captured were alevins raniring in size from

17-40 nun total length. Ictalurids of these sizes should, be capable svrwZrnuers,

and apparently, they actively selected the deepest water areEL for habitation.

Of the taxa collected, only clupeir}::; -.. rerc abundant clwu;:h v' T"crit cir:;c 

::;crutiny of their spatial Qi~tribution. 

clupeids ,·rere collected at all r:trlt.ion:.: an.1 in no in:~~~;l.l~C'~ 'v'[ts t.he!"(" mc:~'C: 

r.tations (Figure 1). Also, there va:: no con.:;i::;tent I':Lt.tcrn of ;:igh or .... ':li·; 

concentrations at anyone station; tll:!TCfoT~, the horizo:Jtl.l c:i;,tri·:;~.l~ic:n c;:' 

clupeids was essentially uniform throughou'~ the season. UnifOl"T:l.i ty of 

horizontul dis tributions 0;:' most taxa i~ o.lso app!:U'ent -..:.:pon cXO;i1ination of 

percent relative abundance of all taxa collected by station (Table 2). 

Ictalurid::; 1-rere most abundant at the r.Q(LC.lle cha..."l.nel Gtation (tiH~ cleE:!pest 

water station). All ictalu:ricls captured were alevins ran;3ing in Gize from 

17-40 nll!l total length. Ictalurids of tl1ese size,;; "houl(l he capable svri;nmers) 

and apparently, they actively selected the deepest ,'rater area for ha"oi tation. 



Figure 1. Concentrations of Cluneidae by Station for each Swmpling Periods.
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Table 2. Percent Relative Abundazice of FiZh Luz-,ae Captured at 5 Sttions-
Watts B-ir Nuclear Site - 1276.

T.1on

Unidentified Fish

Unspecified clupeids

Dorosoma cepedianum

D. petenense

Unspecidied cyprinids

PimeDhales group

Cyprinus caxpio

Minytrema, melanops

Ictalurus furcatus

I. punctatus

Pylodictis olivaris

Mbrone sp.

Morone (not saxatilis)

Lepondos sp.

Pomoxis sp.

Stizostedion sp.

Aplodcinotus grunniens

Shoreline Charmel Cha~nie1 Chnei Shorc!Iner

0.06

90.23

0.06

0.17

0.06

0.52

0.12

0.12

91.83

0.37

0.18

0.25

0.12

89.10

0.25

0.03

0. 03

0.19

0.03

0.94

0.03

92.54

0.28

o.o6

0.17

0.28

92.93

0.05

0. 42

0.05

0.19

0.09

o.o6

2.27

0.17

6.16

0.12

1.35

0.25

5.53

2.00

0.25

0.03

7.13

1.61

0.22

o.14

2.21

0.19

3.84 3.72
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Table 2. f'crcent Re1o.tive A!)tL'1<la11ce 0::.' lo'i:::h l..!;.rY2.e Calkurefl at 5 St:..!:,iO,l::;
Hattn Bar l';uclear :J i te - 1976. 

Taxon 

Unidentified Pinh 

Unspecified c1upeids 

Dorosoma cepecliam.;m 

~. petenen::;e 

Unspecidietl cyprinicls 

Pimeuha1es sroup 

Cyprinus carpio 

1·1inytrerna Illelanops 

Ictalurus furcatus 

I. punctatuG 

RYlodictis oliyaris 

l!;orone sp. 

Y~rone (not saxatilis) 

Lepom.l3 sp. 

Pomoxis sp. 

Stizostedion "~po 

Aploclinotus grunniens 

1ci't 
Shorelin·:;: 

0.06 

90.23 

0.06 

0.17 

0.06 

0.52 

0.12 

0.12 

0.06 

2.27 

0.17 

6.16 

l.f.!i't Khi.cUc Eight 
Cha.rmel Cha:-.ne1 Cl,':'-'1n~l 

0.37 

O.l(l 

0.25 

0.12 

0.12 

1.35 

0.25 

5.53 

0.25 

0.03 

0.03 

0.19 

0.03 

0.94 

0.03 

2.00 

0.25 

0.03 

7.13 

93.54 

0.20 

0.06 

0.17 

0.28 

1.61 

0.22 

3.84 

Ih.:;:.l.. 
Sn.orcL.:-.r! 

92·93 

0.05 

0.Lr2 

0.05 

0.19 

0.09 

0.14 

2.21 

0.19 

3.72 
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Er.timates of the total ;easonm.1 entraininornt of c:, .ai -1,.v- a:s mrade. For

these estimates the number of larvae wid eggs aszmea to be entr!.in':d on

each s0nple (hit' waz; calculated as:

i x Q.' where:

N. = Number entrained for , L-LfaLv on e.ch date;

D,= Density of each fax.LLI on h da-;(ate in right; .. iine
station;

Q. = 24 hour maximum plant water demcand (77,500 q.p.m. - n.keup).

Similarlyv, an estimate of the number of ar,-e trans:ported 1,pa th- pla.nt

site on each sample date was calculated n:::

S-D xQ, where:
r r x

N = Number transported f£2 each family on each date;
r

D = Mean density for each fami]n, aLo plant transect.r

= 24 hour river flow pazt plant oite on each date.

The above daily estimates were then integrated to yield estimates of total

numbers of la-vae and eggs transported and total number entrained. The

ratio of these numbers was then converted to a percentage; this vq.ue i:s

an estimate of total percent annual entrainment (Table 3).

Estimated seasonal entrainment was low for all families captured. MKaximum

estimated entrainment was 1.55 percent for Percichthyidae (Ilorone spp.).

Estimates for the other faiiles and for all fish anud eggs coLfbined were

all less than 1.5 percent. An estimated 2.47 x 109 larvae were traisported

past the p'Mit sit, durtug the 1976 sason, and Oai., esbi~imatcd 6.80 x 107 l7 vat!

were entrained. Thuese estimates agree closely with observed hydraulic cntrli-

nment for the same time period (Table 4). Maxinimun observed hychran-lic

entrainment was estimated to be 1.46 percent on April 21, 1976.

(3-2.6) 

these estinates the m.ur.ber of larvae and. eggs [;.s:.al."'":!eci t.~ be entrn.in':!u on 

each sa:nple (:"ltr~ "la;; cDJ.culated B.3: 

N .. = Number entrained for (.~'.(:., .l'L'.71iil.v on e~tch tlate', 
1. 

- D(msity of each fam1.l,} ()]~ ('~).::h du:L:(~ in ri[~hf; 
station; 

'·!!('r,~l1..nc: 

Q
i 

= 24 hour m::.crimum plu..'1t wi.d .. er (:~ma.nd (77,500q.p.m. - r.nl~eu:p). 

Sin!lln.rly, an e::::timate of the nUITlUer of ] · .. .l ... ·.te tl'n.n[3:;,)o!"tl'd 1'1::;t;. th~ I'larrt; 

::.:i te on each sample o.at(~ i{aS calcu.1[d;ecl f'")" • 
l '.,J • 

N = Number transportcd fo) c[!.ch :fami~ on each date; 
r 

D Hean density 1'or each fa":liJy at. plant t.ransect. 
r 

~ = 24 hour river flOly pa:.;t plant. :.:ite on each date. 

The above daily estimates were th~n int.egrated to ;'iiel;l estimates of totDJ. 

numbers of larvae and eggs transported and totaJ. munlJer cntrD.ined. The 

ratio of these numbers was then converted to e. percent~e; this VO_'U(! i!: 

an est.im3.te of' total l1ercent annual entraLwllcnt (Table 3). 

Estimated season:l.l entrairl.'nent ",as low fo:c all fa.milics captured. t·;~t.Ximum 

estimated entrainment war; 1.55 percent for I'ercicht.hyidae (i.~oronc S}Jp.). 

Estimates for the other fWililes and for aJ.1 fish and eCG~ COLi'::>ined were 

all ler.s tho.n 1.5 percent. An estima.ted 2.47 x 109 lu.rvo.e were transported 

P[!'Gt the plrurt :;j,t .• > dUl":ine the 19'(6 :;c:.I.:;on, and O.tl <.::;t:ilH~tcd 6.80 ;-: 107 1:u.";a •. : 

,,;ere entrained. 'l'ill.:!:;e estiIllates ll.6ree clof,\:ly \'lith obsp.rvec1. hydrulllic cnt;ra~-

nment for the same time period (Table 4). r·ja.ximlU!1 obscrvca h~r(h·nl1..1i~ 

entrainment was estimated to be 1.46 percent on April 21, 1976. 
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Table 3. Estimated SeasonaL Entrainth (Kt ) of 'ish

.... ..a S te, 1( '7(.
Paurd!LŽŽs, at

~;ea~or1a± IP5T

Family

gcieirLn (I E",gg~

Clupeidae

Cyprinidae

Catostomidae

Ictaluridae

Percichthyidae

Centrax chidae

Percidae

Sciaenidae

Tramnsorted

6.5575 Yx 1o7

2.2188 x lO9

1.1640 x 107

3.7328 x 105

1.366• x lo7
u 6

2.4004 x 0

6.2125 x 107

1.6405 x 10l

1.6127 x 108

2547x 1i.0

,-7.7630 x 1

0.33

1.13

o.67

0.18

1.55

1.01

o. 61

2.5178

3.8480
6-3013

X

x

x

9.8184 x 105

Total Eggs

Total Fish

6.8089 x I0o7

2.4707 x lO9

2.1457 7

2.6800 x

0.32

1.08

( :~-l';" ) 
Table 3. E::;timate·:l ::;~asonGtl Entr['..in;n~nt 

iiuc::Jear S:i te, lsr((,. 
( C,,".,) of' .". . }' . " . l'l.::in I [l.&,,-uJ...LCS, 

FDJ:lily 

;'('.i.a.~n.id E[~G~ 

Clupeidae 

Cypriniciae 

Cato~tomidae 

Ictaluridae 

Percichthyidae 

Centrarchidae 

Percidae 

Sciaenidae 

Total Eggs 

Total Fish 

!;cusonal Ii I " r 'J 

r.i.'rn.n~norted ... 

6. ~)~75 x 107 

2.2180 x lOY 

1.lGliO x 107 

3.7328 x 105 

1.366;1 x 107 

2.~001~ x 106 

6.2125 x 107 

1.6405 x 105 

1.6127 x 108 

6.8089 x 10'( 

9 2.4707 x 10 

f.~l..!us()n:'.J..l i;' ~~ 
:r.:!1tr:tinc(~. 

;:;.111~/! 
') 

x j.t)' 

2.)047 x 10'( 

~7. 7600 x 10
4 

2.5178 x "04 
.L 

3. ('.l..,80 x 10j~ 

6.3013 x 105 

9.8184 x 105 

2.1L~57 y. 105 

2.6800 x 107 

~!ltr :!i n::'~'2 n t. 

a -,-~ 
• _)..J 

1.13 

0.67 

0.18 

1.55 

1.01 

0.61 

0.32 

1.08 

'.' \ ( , ) 
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Table 4. Reservoir Flow (Q_) and Intake Flow
Site, Watts Bar Reservoir, 1976.

Qr

Date Swnmle Period M3 x l07

3/24 1 6.0430

4/07 2 4.1592

4/21 3 2.8370

5/05 4 3.4252

5/18 5 4.4772

6/03 6 5.2846

6/17 7 7.8290

6/29 8, 6.3856

7/14 9 5.8962

7/28 10 7.1685

8/o9 U 8.0003

8/25 12 7.0706

9/09 13 7.7067

(O.), W-attS Bn-x Nuclear:

.3 5
V x 10

4.2245

4.2245

4.2245

4.2245

4i.2245

4.2245

4.2245

4.2245

4.2245

4.2245

4.2245

4.22115

4.2245

Oi/Or

0.0070

0.0102

0.0146

0.0123

0. 0y4'

0.0080

0.0054

0.0o366

0.0072

0.0059

0.0053

0.0060

0.0055

* - Flows are 24-hour Totals.
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Table 4. Reservoir Flow (Q ) and Intalw Flo.., (Q) ~"a .... t" B:'!..r NuclcQ.j.' • , t4c.; V u 

Site, rlatts Bar R~servoir, 1976. 1 

-¥.' 
Qr 0) 

Date Sa:ol":lle Period M3x 107 l}x 105 
Q,i!q'~' 

3/24 1 6.0!~30 4.22h5 0.0070 

4/07 2 4.1592 4.22 i;5 0.0102 

4/a 3 2.8870 4.2245 0.0146 

5/05 4 3.4252 4.2~45 0.0123 

5/18 5 4.1~772 11.22l;~) 0.oo~4 

6/03 6 5.281+6 4.2245 0.0080 

6/17 7 7.8290 4.2245 0.0054 

6/29 8, 6.3856 4.2245 0.0066 

7/14 9 5.8962 4.2245 0.0072 

7/28 10 7.1685 4.2245 0.0059 

8/09 11 8.0003 4.2245 0.0053 

8/25 12 7.0706 4.22!15 0.0060 

9/09 1~ 7.7067 4.2245 0.0055 

* - Flows are 24-hour Totals. 
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It is, therefore, our conclusion th•Iat,:

1. The majority of fish eaxcoi life st,-ey were unifozrayr dist;-Ibuted

in the vciJil±i&v of tite aa: b:i Bar Idicl(>ar . id biolo-,iczu. cn-

trainment may be consider-'d to approximate yclh'aulic entrai.:rn:nt;

2. In 1976, the taiirace was not an irmpor-tanb. ,l)awning site for r, 'gratory

spawners, but that the exucnsive rip-rxap areas azsociabed with the

W.Tatts Bar Lock and D'i ap-pear to be attractive to sedentaxy -pa-ning

centrarchids and ictalurids. Futher ctudy will be required to deter-

Idrne whether 1(,76 wa.; an unusal/•y poor ye'x for rmigratory spawnerz,

or whether the tailrace is not a -referred pa'•-ning are& for these

groups.

13-19) 

It is, th~refo:,e, our cnncl.usion tii.at.: 

trairunent mClY (Ie consider"d to appro:;d::late J:;-{(1.raulic entra:i:l:':!f.'nt; 

2. In 19'/6, the "Lailrac'~ vl~S not tin ir.~:iJortanc. L.iJuwning :.;itc i~or r...ig:cutory 

\'Tatts Bar Lock and n·t.rtl appear to -(Ie attractiye to sed.ent.ar:r G};l3.vminJ; 

centrarchids and ictl1urids. ruther dudy ,.;ill be required to deter

mine whether 1<;/76 \-;u.,; an unusa.lly jJoor ye'.u: for migratory :.-:pa ....... ncr.:;, 

or whether the tailruce is not a :p:;,'cferred t;p3.· ... ning ares. for tilese 

groups. 

- . __ .. __ .. _-_._----_._---------_._-----------------------
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Question Number .5:

Provide data and/or rep,-crt5 ',n the o.ure tenone -a'r.li1< in Chickairau.a
Reservoir.

Response:

T'ho' '! I- il 1 .,r :. ,- ,' ' .; ve2•', r,-l' :

F1i 2h inven Wry --! .;

Fish inventory Data Chick,•-auga Rieservoir -

Fish Inventory D:Jtý Cichka!i,.uga li-servoir - j 7-.

Computer Output n-i' Cove Roi.enove 2amnpies (Tables

The enclosed reports and -_'omputý2r output of cove rotenne samnies in
Chickamauga Reservoir may contain some e(-timates that aopear to be iýicon-
sistent. The reports, written E'hrrtly after the sa~npIes were taken relied
on hanr]-caicu.1 ated ss:biaramp'o enIi'rimat.,,n based on -I :i .•1 n:u;! ':r r 4'
whereas the computer-calculated subsairip-le information J L:ased on al.] fish
of the same size and species taken in the reservoir. .ince 1974 the computer-
based system has had more detailed analysis programs, hence, the estimates
are more reliable.

( ~)-,?~ ) 

Quest ion NUlT!oer ::;. ~, : 

Provide data and/or reporte, "!1U,e C·),J"P .. ,~tenl)np 3a~:T': i)I'~ in Cilicka.."naU[cu. 
Reservoir. 

Response: 

Fi~;h lnvenLurs :"l! . .', . .'i:j ~k:!.!I::tLi;'·.:~ l:t-.'~·:'.:l·'J·d.!· - .) 

Fi SD Inventory Duta ·;:Y,i Ck::U:ltJ.UP:~. K~3erv')i r - i It,2 
Fish Inventory Dat.o '~ichku!~l:;.ur.:a l\,'servoir J '),T~: 

Computer Output o~' Cove Roi.enove ;~;l!:lples (Table:'; 

The enclosed reports a:1d ::orip1.::v.'1' C'c;t:;Jut of cove roteL~!1p. sarr.-;-Jles in 
Chickamau.ga Reservoi,' may contain S0i.le e~;ti:Jjates that [1.-ppear to be L1crm

si stent" The report s, wri tt.en r: lnrtly a t'ter the S3.!n-P.i.f'S wel'€, taken :reI~, ed 
nn hand-calcu.lat.>d snt>;;amp',p lnI'Cl'fIlnt.!<>n bused 'm :1 1 i:::jt.(~rl n:ui!ll'~r ·,f· r"id), 
whereas the computer-~nlculated ::;uuSar!I!,Jf,~ inf0rmat.l.on j:.; ~a::;ed ·.m alJ fish 
of the same size and :.;pecies taken in thE- reservoir. .;ince 1974 the computer
based system has had more detailed ana1ysis programs, hence, the estimates 
are more reliable. 

,J 
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INTRODUCTION

This report contains recently gathered information on fishes living

along the shoreline and in the coves of Chickamauga Reservoir. It is

the result of sampling studies done during July and August 1970 by the

Tennessee Valley Authority;

Technical data presented will be used by the various agencies

involved with fish management and fishery resource development. It

should be helpful to biologists called on to investigate fish kills or

other effects of changes in water quality, to evaluate the introduction

of exotic fish into the reservoir, and as background for determining

effects on fish of the Sequoyah Nuclear Plant now under construction at

about TRM 485.

The specific d:ata gathered reflect the number, size, mass, and

variety of species found and indicate reproductive success of the

various fishes which inhabit the cove and shoreline areas of Chickamauga.

INTRODUCTION 

This report contains recently gaelered information on fishes living 

along the shoreline and in the coves of Chickamauga Reservoir. It is 

the result of sampling studies done during July and August 1970 by the 

Tennessee Valley Authority, 

Technical data presented will be used by the various agencies 

involved with fish management anci fishery resource development. It 

should be helpful to hiologists called on to investigate fish kills or 

other effects of change~ in water quality. to evaluate the introduction 

of exotic fish into the reservoir. and as background for determining 

effects on fish of the Sequoyah Nuclear Plant now under construction at 

about TRM 485. 

The specific data gathered rcflecl the number. :'iize. Jllass, and 

variety of species found and indicate reproductive succe~s of the 

various fishes which inhabit the cove and shoreline are~s of Chickamauga. 



FISH INVENTORY DATA
CHIICKAMAUGA RESERVOIR

1970

Total surface area of Chi:kamauga Reservoir at full pool (cievation 682. 5) is 35,400

acres. During the sampling period, July 6 to August 5, 1970, the lake elevation dropped

from 682.-2 to 680.7 and the reservoir area varied between 34,200 and 32,800 acres.

Surface temperatures varied from 77. 5 to 87.4 degrees F.

The lake was subdivided into four major areas and three. coves in each area were

sampled with rotenone (see map). Sample areas ranged from 0.43 to 2. 39 surface acres,

average depths from 3. 3 to 5. 8 feet.

Field procedures for treatment of each cove and collection of data followed standard

sampling methods now used in cove rotenone samples throughout the Southeast. Marked

fish of various species were added to eight coves prior to treatment to check on fish

recovery. Scale or spine samples were collected from species likely to be caught by

sport fishermen for analyses of their age and growth.

SUMMARY OF FINDINGS

Average cove population-3, 345 fish and 181. 6 pounds per acre-8, 206 fish and 203. 6

kilograms* per hectare (Table 3).

Major fish classes by number-game 24 percent, rough 7 percent, and forage 69 percent

(Tables 4 and 7.).

Major fish classes by weight-game 12 percent, rough 55 percent, and forage 33 percent

(Tables 4 and 7).

Dominant species by number-threadfin shad 30 percent, gizzard shad 28 percent, blue-

gill 15 percent, assorted minnows 12 percent, and drum 5 percent (Table 5).

Dominant species by wight-gizzard shad 29 percent, smallmouth buffalo 24 percent,

drum 14 percent, biginouth buffalo 9 percent, and bluegill 6 percent (Table 5).

*Conversions to metric measurements are shown because both national and international
scientific usage of the metric system is becoming more widespread.
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2

Size distribution of game fish-young-of-year 75 percent, intermediates 16 percent,

harvestable (adults) 9 percent (Tables 6 and 7).

Size distribution of all fish-young-of-year 84. 4 percent, intermediates 6.5 percent,

harvestable (adults) 9. 1 percent (Tables 6 and 7).

Spawning success-large numbers of forage fish indicate excellent spawning success.

Largemouth, spotted bass, and bluegill reproduction has been good.

Marked fish recovered-210 of 381 for 55. 1 percent (Table 8).

Growth rates-growth rates of bluegill in Chickamauga were above those of largemouth

bass; white crappie and channel catfish below the average in east Tennessee

reservoirs (Table 9).

GENERAL CONCLUSIONS

The average standing cove fish crop in Chickamauga Reservoir in 1970 of 181.6

pounds per acre is below that found in most TVA mainstream impoundments. Forage fish

populations, both by number and weight, were less than expected in this kind of reservoir;

weight of rough fish (55%) was greater. Sampling error (one standard deviation) for stand-

ing crop estimates in the 12 samples was calculated to be ± l1). 9 percent. The percentage

of marked fish recovered averaged only 55 percent; consequently the total recovery is

probably conservative. Represented in the total catch were 37 species of fish among 24

genera belonging to 9 families.

Ye-'.ow perch appeared for the first time in a TVA fish inventory on this lake and they

were wel) dispersed over the lake. Their numbers decreased going upstream from the

dam. Area IV (see map) had 65; Area III had 45; Area II had 4 and Area I had one. This

fish has apparently invaded the lake from the Upper Hiwassee River where it had been

introduced by State Fish and Wildlife agencies in Chatuge, Nottley, and Blue Ridge

reservoirs.

The last inventory conducted on Chickamauga was in August, 1959. At that time

b~ock nets were not used to confine fish to the kill area, but a heavy curtain of rotenone

2 

Size distribution of game fish-young-of-year 75 percent, intermediates 16 percent, 

harvestable (adults) 9 percent (Tables 6 and 7). 

Size distribution of all fish-young-of-year 84.4 percent, intel"mediates 6.5 percent, 

harvestable (adults) 9.1 percent (Tables 6 and 7). 

Spawning success-large numbers of forage fish indicate excellent spawning success. 

Largemouth, spotted bass, and bluegill reproduction has been good. 

Marked fish recovered-210 of 381 for 55.1 percent (Table 8). 

Growth rates-growth rates of bluegill in Chickamauga were above those of largemouth 

bass; white crappie and. channel catfish below the average in eas t Tennessee 

reservoirs (Table 9). 

GENERAL CONCLUSIONS 

The average standing cove fish crop in Chickamauga Reservoir in lino of 181. 6 

praur.ds per acre is below that found in most TVA mainstream impoundments. Forage fish 

populations> both by number and weight, were less than expected in this kind of reservoir; 

weight of rough fish (55%) was greater. Sampling error (one standard deviation) for stand

ing crop estimates in the 12 samples was calculated to be ± 111.9 percent. The percentage 

of markf:d fish recovered averaged only 55 percent; consequently the total recovery is 

probably conservative. Represented in the total catch werc 37 species of fish among 24 

genEra belonging to 9 families. 

Ye~Iow perch appeared for the first time in a TVA fish inventory on this lal;:e and they 

were weE dispersed over the lake. Their numbers decreased going upstream from the 

dam. Arca IV (see map) had 65; Area m had 45; Area II had 4 and Area I had one. This 

fjsh has apparently invaded the lake from the Upper Hiwassee River where it had been 

htroouced by State Fish and Wildlife agencies in Chatuge, Nottley, and Blue Ridge 

I·~servoir8. 

The Jast inventory conducted on Chickamauga was in Auh'Ust. 1959. At that time 

b'ock nets were not used to confinE" fish to the kill area, but a heavy curtain of rotenone 



3

was dispersed at the outer edge of the cove where a net would have been placed. This

must be considered when comparisons are made.

Number and weight) of harvestable-size fish was greater in 1970 than in either of the

two previous sample years (Table 10). Numbers of game fish per acre were up from 428

in 1959 to 791 in 1970 and 75 l)erceflt of the latter were young-of(-year. Forage fish

numbers per acre in 1970 were almost five times that in carlier samples (Table 11).

STANDING FISH CROP-VOLUME ESTIMATES

Standing crop data for fish are usually presented in terms of surface area of samples,

i. e., pounds per acre or kilograms per hectare. To determine if cove depth has any

influence on the estimate of biomass, weight of fish was also calculated for water volume

(per acre-foot and hectare-meter) for the 12 samples from Chickamauga Reservoir

(Table 12).

In these 12 coves there was not sufficient difference in mean depth to alter the standing

crop results obtained on an area basis. Depth of coves ranged from 3. 3 to 5. 8 feet (1. 0

to 1. 8 meters). There was good correlation (r = 0. 914) between weight per unit volume of

water (kilograms per hectare-meter) and weight per unit area (kilograms per hectare).

Thus, for this set of samples it would seem to make little difference whether the standing

crop was calculated on an area or volume basis, since these relationships here were

nearly the same.

The same may not necessarily apply to samples in other reservoirs, particularly

storage impoundments where mean cove depth may vary considerably. Standing crop on

a water-volume basis may eventually prove to be another useful tool for analysis of

reservoir samples of fish, and it should be examined on other lakes where conisiderable

cove sample data are available.
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Table 1. COMMON AND SCIENTIFIC NAMES* OF FISHES IN ROTENONE SAMPLES
CHICKAMAUGA RESERVOIR, 1970

Game

White bass - Morone chrysoDs
Largemouth bass - Micropterus salmoides
Spotted bass - Micropterus punctulatus
White crappie - Pomoxis annularis
Black crappie - Pomoxis nigromaculatus
Bluegill - Lepomis macrochirus
Warmouth - Lepomis gulosus
Longear sunfish - Lepomis megalotis
3reen sunfish - Lepomis cynellus
Redear sunfish - Lepomis microlophus
.Rock bass - Ambloplites rupestris
ieellow perch - Perca flavescens
3auger - Stizostedion canadense

lough

;potted gar - Lepisosteus oculatus
.ongnose gar - Lepisosteus osseus
'kipjack herring - Alosa chrysochioris

looneye - Hiodon tergisus
oarp - Cyprinus carpio
)uillback - Carpiodes cyprinus
mallmouth buffalo - Ictiobus bubalus
igmouth buffalo - Ictiobus cyprinellus
lack buffalo - Ictiobus niger
potted sucker - Minytrema melanops
lack redhorse - Moxostoma duquesnei
olden redhorse - Moxostoma erythrurum
lue catfish - Ictalurus furcatus
hannel catfish - Ictalurus punctatus
lathead catfish - Pylodidtis olivaris
rum - Aplodinotus grunniens

izzard shad - Dorosoma cepedianum
ireadfin shad - Dorosoma petenense
)lden shiner - Notemigonus crysoleucas
nerald shiner - Notropis atherinoides
otfin shiner - Notropis spilopterus
untnose minnow - Pimephales notatus
-ook silversides - Labidesthes sicculus
.gperch - Percina caprodes

'rom American Fisheries Society Publication Number 6, Third Edition, 1970
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Table 2. SIZE CLASSES* AND SUBSAMPLES USED IN 1970 FISH INVENTOILmES

Species Young-of-year Intermediate HIarvestable

--------------------length in inches - --- ----- -- --

Game

Wall-eye
Sauger
Largemouth bass
Smallmouth bass
White bass
Rock bass
White crappie
Black crappie
fluegill
Other sunfishes
Rainbow trout

Rough

Gar
Alooneye
Skipjack herring
Blue catfish
Channel catfish
Flathead catfish
Bullhead
Carp
Carpsuckers
Redhorses
Other suckers
Drum

Forage**

Threadfin shad
Gizzard shad
Miscellaneous forage fishes

1.-8
1.-4
1. 4
1-4
1-6
1-3
1-3
1-3

1.-2
1-6

1-12

1-6
1-6
1-5
1-5
1-5

1-4
1-8
1-8
1-7
1-7
1-5

9.11
9-.11

5 ..9

7-8

4-.5
4-7
4,-7

3-.5
3_5

13-.19

7--1kl
7-11
6 .9
6-9
6 U1
5-.7
9_-12

9
8-10
8--10
6.'B

12 ao-d o-er
12 "1
10 ,'

9 'V

9

6 "

8 9
8
6
6
7

20
12
12
10
10
12

8
13
10
11
11
9

6
6

ft

'I

'V

I'

'I

It

'I

'V

'I

ft

I,

If

I'

'I

ft

I.

'I

1-5
1-5

Subsamples: Mixed threadfin and gizzard shad (5 inches and ".ess) .. 3 pounds
Mixed species other than shad (3 inches and less) -- 3 pounds
Sorted individual species (3 inches and less) .- I pound

*The size class divisions for each species are arbitrary but based nn knowlege of

growth rates aLnd inforn,;ttion fromn creel cemius :mid conmmrc imlt hIrvest records.

:* Shad were recorded either as young-of-year or adult; sizes of olher forage fish were

not differentiated.
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Bluegill 1-2 3,,5 
Other sunfishes 1·-2 3-·5 
Rainbow trout 1-6 

Rough 

Gar 1-12 13·]9 
Mooneye 1-6 7·-1J 
Skipjack herring 1-6 7··11 
Blue catfish 1-5 6 ·9 
Channel catfish 1-5 6",9 
Fl athead catfish 1-5 6'1 
Bullhead 1-4 5··7 
Carp 1-8 9·-] 2 
Carpsuckers 1·-8 9 
Reclhorses 1-7 8-·10 
Other suckers 1-7 8·-10 
Drum 1-5 6··S 

Forage'" 

Threadfin shad 1-5 
Gizzard shad 1-5 
;\'liscellaneous forage fishes 

Subsamples: Mixed tbreadfin and gizzard shad (5 inches and i.ess) .. 3 pounds 
Mixed species other than shad (3 inches and less) .. 3 pounds 
Sorted individual species (3 inches and less) .- 1 pound 

12 a~ld o-.·cr 
12 tI 

10 " 
9 " 
9 " 
6 ., 
~ " 
8 " 
6 " 
6 ,. 
7 " 

20 " 
12 " 
12 " 
10 " 
10 " 
12 " 

8 " 
13 " 
10 " 
11 " 
11 " 
9 " 

6 ,. 
6 " 
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groVtlh rate:-> and inrormation frolll creel c('m;us and (:Olllllwn la~ harv('st records. 
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Table 3. SAMPLE AREAS AND POPULATIONS PER ACRE AND HECTARE, 1970
1 . CIICKAMAUGA RESERVOIR

Sample
area

Size
Acre lictare

Mean depth_
Feet Mvleters

Number of fish
per per
acre hectare

Pounds Kilograms
of fish per of fish per

acre ' hect:arw

Area I Cove
Cove
Cove

Area IT Cove
Cove
Cove

Area III Cove
Cove
Cove

I
II
III

I
II
III

I
II
III

0.43
.70
. 67

1.36
2.39
1.70

1.50
. 70

1.20

2.24
2.20
1.10

0.18
.28
.27

4.3 1.3 13,074
3.7 1.1 3,524
3.3 1.0 3,584

.55 4.1 1.2 1,9S2

.96 4.2 1.3 2,409

.69 3.8 1.2 7,084

.61 4.3 1.8 3,094

.28 4.7 1.4 2,487

.49 5.4 1.6 1,176

.90 .4.9 1.5 3,709

.89 5.8 1.8 2,910

.45 5.5 1.7 599

32, 306
8,708
8,856

4, 898
5,958

17, 505

7,645
6,146
2,906

9,165
7,191
1,480

343. S
154.9
271. 0

142.3
166. 0
205.3

200.7
163.4
117.6

200. 6
216.6
72.8

181.6

385.5
173. 7
303. 9

159.6
186. 2
230.2

225. 1
183.2
131.9

225.0
242.9

81.6

203.6

Area IV Cove I
Cove II
Cove mI

All samples (av.) 16. 19 6.55 4.5 1.4 3,345 8,266

Table 4. COVE POPULATIONS BY AREA AND MAJOR FISH GROUPS, 1970,
RESERVOIR

CHICKA1\IAUGA

Sampling area Fish Number Number Pounds
description group of species per acre per acre

Area I
3 samples
1. 80 acres
July 13-14

Area II
3 samples
5.45 acres
July 27-29

Area mI
3 samples
3.40 acres
July 6-9

Area IV
3 samples
5.54 acres
August 3-5

All areas
12 samples
16.19 acres

Game
Rough
Forage

Game
Rough
Forage

Game
Rough
Forage

Game
Rough
Forage

Game
Rough

Forage

8
9
8

25

6
11

8
27

10
12

8
30

7
11

8
26
13

16
8

37

850
241

4,737
5,828

1,112
292

2,357
3,761

776
248

1,268
2, 292

464
137

2,173
2, 774

791
224

2, 330
3,345

37.0
93.0

113. 3
243. 3

26.8
106.3

39.2
172. 3

15.8
91. 3
56. (;

163.7

15.0
102.7
63. 9

)$1 C

21. 5
100. 5
59.6

181• 6

Table 3. SAMPLE AREAS AND POPULATIONS PER ACHE AND HECTARE, 1~l7() 
CIIlCKA1\:TA UGA RESERVOIR 

------.---------------- ---------- ------_ .. 
Number of fish Pounds Kilograms 

Sample Size Mean deEth per per of fish per of fbh per 
area Acre iicctare Feet Meters acre hcct:tn ~ acre' lwct:lrt, 

Area I Cove I 0.43 0.18 4.3 1. :1 13,074 32, ::;06 343.8 385.[; 
Cove II .70 .28 3.7 1.1 3,524 8,708 154.H 173.7 
Cove III .67 .27 3.3 1.0 3,584 8,t:>56 27~.0 303.9 

Area II Cove I 1. 36 .55 4.1 1.2 1,982 4,893 142.3 159.6 
Cove II 2.39 .96 4.2 1.3 2,409 5,95:; 166.0 186.2 
Cove III 1. 70 .6f) 3.8 1.~ 7,084 17,[;0.'') 20;;.3 230.2 

Area III Cove I 1. 50 .61 4.3 1. ~-i 3,O~4 7,645 200.7 225.1 
Cove II .70 .28 4.7 1.4 2,487 6,146 163.4 183.2 
Cove III 1. 20 _ .49 5.4 1.6 1,176 2,906 117.6 131. 9 

Area IV Cove I 2.24 .90 .4.9 1.5 3,709 9,165 200.6 225.0 
Cove II 2.20 .89 5.8 1.8 2,910 7,191 216.6 242.9 
Cove ill 1.10 .45 5.5 1.7 599 1,480 72.8 81. 6 

All samples (av.) 16. 19 6.55 4.5 1.4 3,345 8,266 181. 6 203.6 

Table 4. COVE POPULATIONS BY AREA AND MAJOR F1SH GROUPS, 1970, CH1CI(!d\JAUGA 
RESERVOIR 

Sampling Hrea Fish Number Number Pounds 
description group of species per acre per acre 

Area I Game 8 850 37.0 
3 samples Rough 9 241 93.0 
1. 80 acres Forage 8 4,737 113.3 
July 13-14 25 5,828 243.3 

Area II Game S 1,112 26.8 
3 sample!? Rough 11 292 106.3 
5.45 acres Forage 8 2,357 39.2 
July 27-29 27 3,761 172.3 

AreaID Game 10 776 15.8 
3 samples Rough 12 248 ~n. 3 
3.40 acres Forage 8 1,268 56. fj 
.July 6-9 30 2,292 163.7 

Area IV Game 7 464 15.0 
3 samples Rough 11 137 102.7 
G.54 acres Forage 8 2,173 G3. ~I 

AUf,'llSt 3-5 26 2,774 ) 81 r. 
All areas Game 13 70} ~1. fi 
12 sa-mples Hough 16 224 Hiv. fi 
16.19 acre::; Forage 8 2,330 3D. (i 

37 3,345 181. 6 

----- -------



Table 5, SPECIES COMPOSITION OF COVE POPULATION,
CHICKAMAUGA RESERVOIR, 1970

Species Percent of Percent of
total number total weight

Threadfin shad 29.9 3.2
Gizzard shad 27.6 29.0
Bluegill 15.3 5.7
Assorted minnows 12.2 .6
Drum 5.2 13.7
Largemouth bass 3.3 2.4
Other sunfish I. 8 1. 8
Spotted bass 1.7 .3
White crappie .. 9 1.4
White bass .5 .1
Smallmouth buffalo .4 23.7
Channel catfish .2 1.7
Yellow perch .2 .1
Spotted sucker .2 .2
Bigmouth buffalo .1 8.8
Golden redhorse .1 1.6
Blue catfish .1 .9
Skipjack herring .1 .2
Carp .1 3.2
Flathead catfish .1 3
Black redhorse T .5
Spotted gar T T
Longnose gar T T
Quiliback T .4
Sauger T .1
Black crappie T T
Mooneye T T
Black buffalo T .1
Rock bass T T

T = less than 0. 05 percent

Table 5, SPECIES COMPOOTION OF COVE POPULATION, 
CHICKAMAUGA RESERVOIR, 1970 

Species 

Threadfin shad 
Gizzard shad 
Bluegill 
Assorted minnows 
Drum 
Largemouth bass 
other sunfish 
Spotted bass 
White crappie 
White bass 
Smallmouth buffalo 
Channel catfish 
Yellow perch 
Spotted sucker 
Bigmouth buffalo 
Golden redhorse 
Blue catfish 
Skipjack herring 
Carp 
Flathead catfish 
Black redhorse 
Spotted gar 
Longnose gar 
QuiUback 
Sauger 
Black crappie 
Mooneye 
Black buffalo 
Rock bass 

T = less than O. 05 percent 

Percent of 
total number 

29.9 
27.6 
15.3 
12.2 
5.2 
3.3 
1.8 
1.7 
.• 9 
.5 
.4 
.2 
.2 
.2 
.1 
.1 
.1 
.1 
.1 
.1 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Percent of 
total weight 

3.2. 
29.0 
5.7 
.6 

13.7 
2.4 
1.8 
.3 

1.4 
.1 

23.7 
1.7 
.1 
.2 

8.8 
1.6 
.9 
.2 

3.2 
.3 
.5 
T 
T 
.4 
.1 
T 
T 
.1 
T 



Table 6. SIZE DISTRIBUTION PER ACRE BY SPECIES
CHICKAMAUGA RESERVOIR, 1970

Youn&-of-year Intermediate Harvestable
No. Wt. No. Wt. No. Wt.

pounds pounds .pounds

Threadfin shad 984 2.6 - - 17 3.2
Gizzard shad 744 3.3 - - 178 49.4
Bluegill 412 1.7 75 4.4 26 4.-3
Assorted minnows 406 1.0 - - 1 0. 1
Drum 48 0.8 89 10.4 38 13.6
Largemouth bass 99 0.6 8 1.5 3 2.2
Other sunfish 29 0.4 21 1.1 9 1.8
Spotted bass 56 0.3 1 0.1 T 0.1
White crappie 15 0.1 10 1.2 4 1.3
White bass 15 0.1 T T -

Smallmouth buffalo 1 T 2 1.0 13 42.0
Channel catfish 2 T 4 0.6 3 2.5
Yellow perch I T 6 0.1 T T
Spotted sucker 4 T 1 0.1 T 0.3
Bigmouth buffalo - - - 5 16.2
Golden redhorse 1 0.1 T 0.1 2 2.8
Blue catfish T T 2 0.2 1 1.4
Skipjack herring 3 T T 0.1 .T 0.1
Carp .- 2 5.8
Flathead catfish 1 T T T 1 0.5
Black redhorse T T T 0.1 T 0.8
Spotted gar .... I T
Longnose gar T T - - T T
Quillback .... T 0.8
Sauger _ _ - - 1 0.2
Mllack crappie .... T T
Mooneye T -T ... .
Black buffalo .... T 0.2
Rock bass - - T T

Total 2821 11.0 219 21.0 305 149.6

Table 6. SIZE DISTRIBUTION PER ACRE BY SPECIES 
CmCKAMAUGA RESERVOIR, 1970 

Yonn.:-of::Iear Intermediate Harvestable 
No. Wt. No. Wt. No. Wt. 

pounds pounds ·,poun.ds 

Thl'eadfin shad 984 2.6 17 3.2 
Gizzard shad 744 3.3 178 49.4 
Bluegill 412 1.7 75 4.4 26 4.·3 
Assorted minnows 408 1.0 1 0.1 
Drum 48 0.8 89 10.4 38 13.6 
Largemouth bass 99 0.6 8 1.5 3 2.2 
Other sunfish 29 0.4 21 1.1 9 1.8 
Spotted bass 56 0.3 1 0.1 T 0.1 
White crappie 15 0.1 10 1.2 4 1.3 
White bass 15 0.1 T T 
Smallmouth buffalo 1 T 2 1.0 13 42.0 
Channel catfish 2 T 4 0.6 3 2.5 
Yellow perch 1 T 6 0.1 T T 
Spotted sucker 4 T 1 0.1 T 0.3 
Bigmouth buffalo 5 16.2 
Golden redhorse 1 0.1 T 0.1 2 2.8 
Blue catfish T T 2 0.2 1 1.4 
Skipjack herring 3 T T 0.1 .T 0.1 
Carp 2 5.8 
Flathead catfish 1 T T T 1 0.5 
Black redhorse T T T 0.1 T 0.8 
Spotted gar 1 T 
Longnose gar T T T T 
Quillback T 0.8 
Sauger 1 0.2 
Hlack crappie .T T 
Mooneve . T ·T . . T 0.2 Black buffalo 
Rock bass '. T T 

Total 2821 11.0 219 21.0 305 149.6 



Table 7. SIZE DISTRIBUTION OF MAJOR FISH GROUPS,
CHICKAMAUGA RESERVOIR, 1970

Percent by number Percent by weight
Fish Young- Inter- Harvest- Young- Inter- Harvest-

groups of-year mediate able Total of-year mediate able Total

Game 18.8 3.6 1.3 23.7 1.8 4.6 5.5 11.9
Rough 1.8 2.9 2.0 6.7 .5 6.9 47.9 55.3
Forage* 63.8 - 5.8 69.6 3.8 - 29.0 32.8
All fishes 84.4 6.5 9,1 100.0 6.1 11.5 82.4 100.0

*Shad considered as young and adult; other small forage species listed with young-of-year.

Table 9. PERCENT OF MARKED FISH RECOVERED
CHICKAMAUGA RESERVOIR, 1970

Number Number Percent
marked recovered recovered

Bluegill 133 79 59.4
Crappie 57 24 42.1
Largemouth bass 52 32 61.5
Buffalo 39 26 66.7
Redhorse 26 19 73.0
Carp 23 7 30.4
Drum 18 15 83.3
Smallmouth bass 12 2 16.7
Longear sunfish 7 2 28.6
Redear sunfish 6 1 16.7
Channel catfish 2 1 50. 0
Smailmouth bass 1 0 0. 0
Sauger 1 1 100.0
Shellcracker 1 0 0.0
Warmouth 1 0 0.0
Spotted sucker 1 1 100. 0
Yellow perch 1 0 0.0

All 381 210 55.1

Sample Area

1-1 36 25 69.4
1-2 32 13 40.6
1-3 42 26 61.9
H-1 50 est.
11-3 61 36 59.0
Ill-1 52 30 57.7
m-2 54 22 40.7
IV-2 42 17 40.5

Average 62 41 66.1

Fish 
groups 

Game 
Rough 
Forage* 
All fishes 

Table 7. SIZE DISTRIBUTION OF MAJOR FISH GROUPS, 
cmCKAMA UGA RESERVOIR, 1970 

Percent bI number Percent bI weight 
Youug- Inter- Harvest- Young- Inter- Harvest-
of-year mediate able Total. of-year mediate able 

18.8 3.6 1.3 23.7 1.8 4.6 5.5 
1.8 2.9 2.0 6.7 .5 6.9 47.9 

63.8 5.8 69.6 3.8 29.0 
84.4 6.5 9 .• 1 100.0 6.1 11.5 82.4 

Total 

11.9 
55.3 
32.8 

100.0 

*Shad considered as young and adult; other small forage species listed with young-of-year. 

Table 8. PERCENT OF MARKED FISH RECOVERED 
CmCKAMAUGA RESERVOIR, 1970 

Number Number Percent 
marked recovered recovered 

Bluegill 133 79 59.4 
Crappie 67 24 42.1 
Largemouth bass 52 32 61.5 
Buffalo 39 26 66.7 
Redhorse 26 19 73.0 
Carp 23 7 30.4 
Drum 18 15 83.3 
Smallmouth bass 12 2 16.'1 
Longear sunfish 7 2 28.6 
Redear sunfish 6 1 16.7 
Channel catfish 2 1 50.0 
Smallmouth bass 1 0 0.0 
Sauger 1 1 100.0 
Shell cracker 1 0 0.0 
Warmouth 1 0 0.0 
Spotted sucker 1 1 100.0 
Yellow perch 1 0 0.0 

All 381 210 55.1 

SamEle Area 

1-1 36 25 69.4 
1-2 32 13 40.6 
1-3 42 26 61.9 
II-I 50 est. 
11-3 61 36 59.0 
ill-I 52 30 57.7 
m-2 54 22 40.7 
IV-2 42 1'1 40.5 

Average 62 41 66.1 



Table 9. AVERAGE GROWTH RATES FOR CHICKAMAUGA RESERVOIR,1970

Total length in inches at end of year
Species Year Class No. Fish 1 2 3 4 5 6

Bluegill 67 -69 138 2.1 4.3 5.9

Largemouth bass 65 - 69 65 3.6 8.0 11.0 14.3 19.6

White crappie 67 - 69 26 2.0 6.1 9.2

Channel catfish 64 -69 36 3.2 6.4 8.8 11.6 14.4 18.5

Table 10. COMPARISON OF PER ACRE NUMBERS AND WEIGHTS IN POUNDS OF
HARVESTABLE FISH IN DIFFERENT YEARS, CHICKAMAUGA RESERVOIR

Percent of harvestable fish
Harvestable fish in total sample
No. Wt. No. Wt.

1970 305 149.6 9.1 82.4

1959 134 102.7 11.2 54.9

1958 87 64.8 7.4 55.6

Table 11. COMPARISON OF PER ACRE NUMBERS AND WEIGHTS OF VARIOUS FISH
CLASSES IN DIFFERENT YEARS, CHICKAMAUGA RESERVOIR, 1970

Total Fish
Game Rough Forage per acre

No. Wt. No. Wt. No. Wt. No. Wt.

1970 791 21.5 224 100.5 2,330 59.6 3,345 182

1959 428 18.1 275 104.8 493 63.9 1,197 187

1958 510 10.9 170 57.3 484 48.4 1,164 117

Table 9. AVERAGE GROWTH RATES FOR CHICKAMAUGA RESERVOIR.1970 

Total length in inches at end of Iear 
Species Year Class No. Fish 1 2 3 4 5 6 

Bluegill 67 - 69 138 2.1 4.3 5.9 

Largemo~th bass 65 - 69 65 3.6 8.0 11. 0 14.3 19.6 

White crappie 67 - 69 26 2.0 6.1 9.2 

Channel catfish 64 - 69 36 ' 3.2 6.4 8.8 11.6 14.4 18.5 

Table 10. COMPARISON OF PER ACRE NUMBERS AND WEIGHTS IN POUNDS OF 
HARVESTABLE FISH IN DIFFERENT YEARS, CHICKAMAUGA RESERVOIR 

Percent of harvestable fish 
Harvestable fish in total samEle 
No. Wt. No. • Wt. 

1970 305 149.6 9.1 82.4 

1959 134 102.7 11.2 54.9 

1958 87 64.8 7.4 55.6 

Table 11. COMPARISON OF PER ACRE NUMBERS AND WEIGHTS OF VARIOUS FISH 
'CLASSES IN DIFFERENT YEARS, CHICKAMAUGA RESERVOIR. 1970 

Total Fish 
Game Rough Forage ~r acre 

No. Wt~ . No. Wt. No. Wt. No. Wt. 

1970 791 21. 5 224 100.5 2.330 59.6 3.345 182 

1959 428 18.1 275 104.8 493 63.9 1.197 187 

1958 510 10.9 170 57.3 484 48.4 1.164 117 



Table 12. COMPARISON OF STANDING FISH CROP DATA FOR CHICKAMAUGA RESERVOIR, JULY 1970,
AS DETERMINED BY SURFACE AREA AND VOLUME OF COVES

Area Surface Total Pounds Pounds Surface Total Kilograms Kilograms
of lake Cove area Depth pounds per per area Depth kilograms per per hectare-

(acres) (feet) of fish acre acre-foot (hectares) (meters) of fish hectare meter

I

11

1
2
3

1
2
3

1
2
3

1
2
3

0.43
0.70
0.67

1.36
2.39
1.70

1.50
0.70
1.20

2.24
2.20
1.10

4.3
3.7
3.3

4.1.
4.2
3.8

4.3
4.7
5.4

4.9
5.8
5.5

147.8
109.1
181.6

193.5
396.8
349.0

301.1
114.4
124. 8

449. 3
476.5

80.1

343.8
154.9
271.0

142. 3
166.0
205.3

200. 7
163.4
117.6

200. 6
216.6
72. 8

79..9
42.1
82. 1

34.7
39.5
54.0

46.7
34.8
19.3

40.9
37.3
13.2

0.18
0.28
0.27

0.55
0.97
0.69

0.61
0.28
0.49

0.91
0.89
0.45

1.3
1. 1
1. 0
1.2
1.3
1.2

1.3
1.4
1.6'

1.5
1.8
1.7

67.1
49. 2
82.4

87: 7
180.0
158.3

136.6
51.9
56.6

203.8
216.1
363.0

385.5
173.7
305.3

159.6
186.2
230.2

225.1
183.2
131.9

225.0
242.9

81.6

286.5
159.7
305.3

133. 0
142. 7
191.2

172. 2
132.4

72.2

149.3
134.9
47.5

IVl

IV

Mean 4.5 181.6 40.2 1.37 203.6 148.6

Mean 4.5 181. 6 40. 2 1. 37 203.6 148.6

Table 12. COMPARISON OF STANDING FISH CROP DATA FOR CHICKAMAUGA RESERVOIR. JULY 1970. 
AS DETERMINED BY SURFACE AREA AND VOLUME OF COVES 

Area Surface Total Pounds Pounds Surface Total Kilograms Kilograms 
of lake Cove area Depth pounds per per area Depth kilograms per per hectare-

(acres) (feet) of flsh acre acre-foot (hectares) (meters) of fish hectare meter 

I 1 0.43 4.3 147.8 343.8 79 .. 9 0.18 1.3 67.1 385.5 28S.5 
2 0.70 3.7 109.1 154.9 42.1 0.28 1.1 49.2 173.7 159.7 
:3 0.67 3.3 181. 6 271.0 82.1 0.27 LO 82.4 305.3 305.3 

n 1 1. 36 4.1. 193.5 142.3 34.7 0.55 1.2 87:7 159.6 133.0 
2 2.39 4.2 396.8 166.0 39.5 0.97 1.3 180.0 18S.2 142.7 
3 1. 70 3.8 349.0 205.3 54.0 0.69 1.2 158.3 230.2 191.2 

In 1 1. 50· 4.3 301.1 200.7 4S.7 O. S1 1.3 13S.S 225.1 172.2 
2 0.70 4.7 114.4 163.4 34.8 0.28 1.4 51. 9 183, ~ 132.4 
3 1.20 5.4 124.8 117.6 19:3 0.49 1.6' 56.6 131. 9 72.2 

IV 1 2.24 4.9 449.3 200.6 40.9 0.91 1.5 203.8 225.0 149.3 
2 2.20 5.8 476.5 216.6 37.3 0.89 1.8 216.1 242.9 134.9 
3 1.10 5.5 80.1 72.8 13.2 0.45 1.7 363.0 81.6 47.5 

Mean 4.5 181. 6 40.2 1. 37 203.6 148.6 
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INTRODUCTION

This report contains recent information on the population of fishes

along the shoreline and in coves of Chickanmauga Reservoir. It contains the

results of samples taken with rotenone during September 1972 by the Tennessee

Valley Authority, with some assistance from the Tennessee Game and Fish

Commission.

These samples ccnstitute one phase of a broad study to monitor fish

populations before and after operation of the Sequoyah Nuclear Power Plant.

These data are part of the preoperational studies. Technical data presented

will be used in an overall evaluation of the effects of thermal discharges

from this plant; they should also be helpful to biologists called on to

investigate fish kills, evaluate introductions of exotic species, or to

study other fisheries conditions in Chickamauga Reservoir.

Specific data reported here reflect the number, size, mass, and

variety of species found, and indicate reproductive success of the various

fishes which inhabited the coves and shoreline area of Chickamauga Reservoir

during 1972.

INTltODUCTlON 

This report contains recent information.on the population of fishes 

along the shore line and in coves of Chickamauga Reservoir. I t contains the 

results of samples taken with rotenone during September 1972 by the Tennessee 

Valley Authority, \.;ith some assistance from the Tennessee Game and Fish 

COnunission. 

These samples constitute one phase of a broad study to monitor fish 

populations before and after operation of the Sequoyah Nuclea4 Power Plant. 

These data are part of the preoperational studies. Technical data presented 

will be used in an overall evaluation of the effects of thermal discharges 

from this plant; they should also be helpful to biCllogists called on to 

investigate fish kills, evaluate introductions of exotic species, or to 

study other fisheries conditions in Chickamauga Reservoir. 

Specific data reported here reflec c the number. size, mass, and 

variety of species found. and indicate reproductive success of the various 

fishes which inhabited the c,)ves and shoreline area of Chickamauga Reservoir 

during 1972. 



FISH! INVENTORY DATA

CHIC1PMAUGA RESERVOIR

1972

SAMPLE AREAS AND PROCEDURES

Total surface area of'Chickaiiiauga Reservoir at full pool

(elevation 682.5) is 35,400 acres. During the sampling period,

September 19 to September 29, 1972, the lake was two feet below full

pool, making reservoir area 32,800 surface acres. Surface water

temperatures varied from 76.1 to 77.9 degrees F, dissolved oxygen from

4.5 to 5.0 ppm, and pH was 7.0 to 7.5 at all stations.

Rotenone samples were taken in the same four coves as in previous

years, dating back to 1970 (see map); this year sample areas ranged from

1.05 to 3.10 surface acres, average depths from 1.6 to 6.4 feet.

Field procedurt.s for treatmu:nt of the area and collection

of data followed standard sampling methods now used in cove rotenone

samples throughout the southeast. Marked fish were added to all

coves prior to treatment to check on fish recovery. Scale and spine

samples were collected from selected species as needed to help

complete age and growth analysis for certain Chickamauga fishes. A

complete list of the fishes foind in this inventory is given in Table 1;

size classes and subsamples us-d in data analysis are shown in Table 2.
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(elevation 682.5) is 35,400 acres. During the sampling period, 
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SUMMARY OF FINDINGS

Average cove po.,ulations--5,804 fish and 282.1 pounds per acre--

14,332 fish and 316.2 kilograms per hectare (Table 3).

Major fish classes by number--game 26 percent, rough 4 percent,

and forage 70 percent (Tables 4 and 7).

Major fish classes by weight--game 14 percent, rough 40 percent,

and forage 46 percent (Tables 4 and 7).

Dominant species by number--threadfin shad 49.7 percent, bluegill 20.2

percent, miscellaneous forage 14.9 percent, gizzard shad 5.1

percent, drum 3.4 percent, and longear sunfish 2.0 percent

(Table 5).

Dominant species by weight--gizzard shad 35.3 percent, smallmouth

buffalo 13.9 percent, threadfin shad 10.3 percent, drum 9.1

percent, carp 8.8 percent, and bluegill 6.5 percent, (Table 5).

Size distribution of all fish--young-of-year 88 percent, intermediate

4 percent, and harvestable (adult) 8 percent (Tables 6 and 7).

Size distribution of game fish--young-of-year 81 percent, intermediate

11 percent, and harvestable (adult) 8 percent.

Spawning success--good reproduction and survival of game and forage species,

especially threadfin shad, bluegill, miscellaneous forage, and

drum. Young-of-year, largemouth and spotted bass amounted to

8 and 42 per acre respectively.

Marked fish--returns from the fcur areas where marked fish were released

prior to sampling ranged from 54 to 81 percent and averaged 74

percent (Tab]e 8).

SUMMARY OF FINDINGS 

Average cove po:.ulCl.tions--5,B04 fish and 282.1 pounds per acre--

14,332 fish and 316.2 kilograms per hectare (Table 3). 

Major fish classes by number--garne 26 percent, rough 4 percent, 

and forage 70 percent (Tables 4 and 7). 

Major fish classes by weight--g~ke 14 percent, rough 40 percent, 

and forage 46 percent (Tables 4 and 7). 

Dominant species by nurnber--threadfin shad 49.7 percent. bluegill 20.2 

percent, miscellaneous forage 14.9 percent, gizzard shad 5.1 

percent, drum 3.4 percent, and longear sunfish 2.0 percent 

(Table 5). 

Dominant species by weight--g1zzard shad 35.3 percent, sma1lmouth 

buffalo 13.9 percent, threudfin shad 10.3 percent, drum 9.1 

percent, carp 8.8 percent, and bluegill 6.5 percent, (Table 5). 

Size dis tribution of all fish--young-of-year 88 percent, intermed i.a te 

4 percent, and harvestable (adult) 8 percent (Tables 6 and 7) • 

Size distribution of game fish--young-of-year 81 percent, intermediate 

11 percent, and harvestable (adult) 8 per~·,"nt. 

Spawning success--good reproduction and survival of game and i0rage species, 

especially thread fin shRd, hluegill, miscellaneous fo~age. and 

drum. Young-of-year, largemouth and spotted bass amounted to 

8 and 42 per acre respectively. 

Marked fish--returns frorr. the fcur areas where marked fish were released 

prior to sampling ranged from 54 to 81 percent and averaged 74 

percent (Tab1e 8). 
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Table 1. Common and Scientific Names* of Fishes in Rotenone Samples
Chickamauga Reservoir, 1972.

Game

White bass - Morone chrysops
Yellow bass - Morone mississippiensis
Bluegill. - Lepomis macrochirus
Warmouth - Lepomis gulosus
Longear sunfish - Lepomis megalotis
Green sunfish - Lepoinis cyanellus
Redear sunfish - Lepomis microloohjus
Largemouth bass - Micropcerus salmoides
Spotted bass - Micropcrus punctulatus
White crappie - Pomoxis annularis
Black crappie - Pomoxis nigromaculatus
Sauger - Stizostedion canadense
Yellow perch - Perca flavcscens

Rough

Longnose gar - Lepiscsteus osseus
Skipjack herring - Alosa chrysochloris
Mooneye - Hiodon tergisus
Carp - Cyprinus carpio
River carpsucker - Carpiodes carpio
Smallmouth buffalo - Ictiobus bubalus
Spotted sucker - Minytrer.'.a melanops
Hogsucker - Hypentelium nigricans
Golden redhorse - Moxostor:a erythrurum
Black redhorse - Y~xostnm'i duquesnei
River redhorse - Moxostcmfa carinatum
Channel catfish - Tctalurus punctatus
Blue catfish - Ictaluru-s itircatus
Black bullhead - Ictalurus melas
Flathead catfish - vioc'.½:tis oiivaris
Drum - Aplodinotus grunnicns

Forage

Threadfia shad - Dorosorý,a petenense
Gizzard. shad - Dorosomra ceDedianum
Golden shiner - Notemigonus crvsoleucas
Emerald shiner - Notroois accherinoides
Bluntnose minnow - PirzeDhales notatus
Blackstripe topminnow - F,'Xulus notatus
Mosquitofish - Gambusia zjiinis
Brook silversides - Labitiesthes sicculus
Fantail darter - Etheostoria flabellare
Logperch - Percina caprodes
Orangespotted sunfish -,Lepomis humilis

*Accord ,in- co A.::;,:, :.c - ., " o ,_, . c.., P'V.ic.ien Na. G 1970.

Table 1. Common and Scientific Names* of Fishes in Rotenone Samples 
Chickamauga Reservoir, 1972. 

White bass - Morone chrysops 
Yellow bass - Morone mississippiensis 
Bluegill - Lepomi.s macrochi.rus 
Warmouth - Lcporais gulosus 
Longear sunfish - LcpomiH megalotis 
Green sunfish - Lcpomis cynnellus 
Redear sunfish - Lepomi5 microlophud 
Largemo1lth bass - Micropi:er\;s salmoides 
Spotted bass - Microrccru~ punctulatus 
White crappie - Pomoxis ,:nmularis 
Black crappie - Pomoxis nigrornaculatus 
Sauger - Stizostedion c&nadense 
Yellow perch - Perca flavcsccns 

Longnose gar - Lepisosteus osseus 
Skipjack herring - Alosa chrysochloris 
Mooneye - Hiodon tergisus 
Carp - Cyprinus carpio 
River carpsucker - Carpiodes carpio 
Smallmouth buffalo - Ictioi)us bubalus 
Spotted sucker - Minytrer.a melanops 
Hogsucker - Hypentel:i.um .!liJ;ric8-U! 
Golden redhorsc - Moxostor.~ erythrurum 
Black redhorse - y.J~£~~ duguesnci 
River redhorse - Uoxos tCM.~ carina tum 
Channel catfish - .Tctalttrus ~mctatus 
Blue catfish - Ictalttr~s iurcatus 
Black bullhead - Ictaluz~~ ~ 
Flathead catfish - rv10~~~tis olivaris 
Drum - Aplodinotlls .g~~mnic:ns 

Forage 

Threadfil.l shad - D')rosor.;:'.. petenense 
Gizzard.shad - Dorosom~ c~pedianum 

Golden shiner - Notemigonus crvsol.eucas . 
Emerald shiner - NotroD~S ~cherinoides 

Bluntnose minnow - Pin.3oh:1les notatus 
Blackstripe topminnm. - T't, .. 6ulus notatus 
MOl>quitofish - Gambusio. ~.j'iinis 
Hrook silversidcs - Lsbj.,il'stiles sicculus 
Fantail darter - E tilCOS tOl~\."l flabellar.e 
Logpcrch - Perc ina c~prodcs 
Or3ngespotted sunfish - Lcpomis humilis 



Table 2. Size Classes* and Subsamples Used in 1972 Fish Inventories

Species Young-of-year Intermediate Harvestable

---------------- length in inches---------
Game

White bass
Yellow bass
Bluegill
Other sunfishes
Largemouth bass
Spotted bass
Rock bass
White crappie
Black crappie
Sauger
Walleye
Yellow perch

Rouy'Jh

Gar
Skipjack herring
Mooneye
Carp
Carpsuckers
Other suckers
Redhorse
Blue catfish
Bullhead
Channel catfish
Flathead catfish
Drum

Fora e**

Thread fin shad
Gizzard shad
Miscellaneous forage fishes
Orangespotted sunfish

1-6
1-3
1-3
1-3
1-4
1-4
1-3
1-3
1-3
1-8
1-81-6

7-8
4

4-5
4-5
5-9
5-8
4-5
4-7
4-7
9-11
9-11

9
5
6
6

10
9
6
8
8

12
12

7

and over
'I

'I

ft

'I

'I

I,

1-12
1-6
1-6
1-8
1-7
1-7
1-7
1-5
1-4
1-5
1-5
1-5

13-19
7-11
7-11
9-12
8-10
8-10
8-10
6-9
5-7
6-9
6-11
6-8

20
12
12
13
11
11
11
io

8
10
12

9

ft

I,

It

I,

I,

'I

I,

I,

ft

ft

'I

'I

1-5
1-5

1-2

6
6

4

ft

II

3

*The size class division for each species is arbitrary but based
of growth rates and information from creel census and commercial
records.

on knowledge
harvest

**Shad were recorded either as young-of-year or adult; sizes of other forage fish
were not differentiated.

Table 2. Size Classcs* and Subsaroples Used in 1972 Fish Inventories 

Species 

White bass 
Yellow bass 
Bluegill 
Other sunfishes 
LargemOuth bass 
Spotted bass 
Rock bass 
White crappie 
Black crappie 
Sauger 
Walleye 
Yellow perch 

Gar 
Skipjack herring 
Mooneye 
Carp 
Carpsuckers 
Other suckers 
Redhorse 
Blue catiish 
Bullhead 
Cha nne 1 ca tfish 
Flathead catfish 
Drum 

Thread fin shad 
Gizzard shad 
Miscellaneous forage fishes 
Orangespotted sunfish 

Young-oi-year Intermediate Harvestab1e 

- - - - - - - - length in inches - - - - - - - -

1-6 
1-3 
1-3 
1~3 
1-4 
1-4 
1-3 
1-3 
1-3 
1-8 
1-8 
1-6 

1-12 
1-6 
1-6 
1-8 
1-1 
1-1 
1-1 
1-5 
1-4 
1-5 
1-5 
1-5 

1-5 
1-5 

1-2 

1-8 
4 

4-5 
4-5 
5-9 
5-8 
4-5 
4-1 
4-1 
9-11 
9-11 

13-19 
1-11 
1-11 
9-12 
8-10 
8-10 
8-10 
6-9 
5-1 
6-9 
6-11 
6-8 

3 

9 and over 
5 
6 
6 

10 
9 
6 
8 
8 

12 
12 

1 

20 
12 
12 
13 
11 
11 
11 
:LO 
8 

10 
12 

9 

6 
6 

4 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 

" 

*The size class division for each species is nrbitrary but based on knO\.,lcoge 
of growth rates and inforn~tion from creel census and comreercia1 harvest 
records. 

**Shad were recorded either as young-of-year or aqult; sizes of other forage fish 
were not differentiated. 



Table 3. Sample Areas and Fish Populations per Acre and Hectare, Chickamauga Reservoir, 1972

Size Mean Depth Number Weight

Sample~ Area Acres Hectares Feet Meters Per Acre Per Hectare Pounds Kilograms

Per Acre Per Hectare

Nance ,'L.Ilow 3.10 1.26 6.4 1.95 4,701 11,608 319.2 357.8

ChiggcŽr: 'oint 2.A0 .97 1.6 .49 6,396 15,794 205.5 230.3

Sale Creek 2.30 .93 4.7 1.43 4,427 10,932 206.9 231.9

TRM 508.0 1.05 .43 2.9 .88 10,728 26,491 5-11.3 573.1

All Sa 1i1os 8.85 3.59 3.9 1.19 5,864 14,332 282.1 316.2

Table 3. Sample Areas and Fish Populations per Acre and Hectare, Chickamauga Reservoir, 1972 

Size Mean Depth Number Weight 

Sampl~ Area 
Acres Hectares Feet Meters Per Acre Per Hectare Pounds Kilograms 

Per Acre Per Hectare 

Nance ~L'llow 3.10 1.26 6.4 1.95 4,701 ll,608 319.2 357.8 

Chiggc: ~. ·:)int 2.L.0 .97 1.6 .49 6,396 15,794 205.5 230.3 

Sale Crcr:k 2.30 .93 4.7 1.43 4,427 10,932 206.9 231. 9 

TRM 50;;.a 1.05 .43 2.9 .88 10,728 26,491 Ml.3 573.1 

All S.:!!',l'-!s 8.85 3.59 3.9 1.19 5,804 14,332 282.1 316.2 

- .. ---- -- ---



Table 4. Populations by Area and Major
1972.

Fish Groups, Chickamauga Reservoir,

Fish Number Number Pounds
Sample Area Group of per per

Species Acre Acre

Nance Hollow

Chigger Point

Sale Creek

TRM 508

All Areas
(8.85 acres)

Game
Rough
Forage

Game
Rough
Forage

Game
Rough
Forage

Game
Rough
Forage

Game
Rough
Forage

12
12
6
30

10
10

7

11
11

9
31

12
11
11
34

12
12
1.1
35

1,128
251

.3,322
4,701

2,631
198

3,567
6,396

910
130

3,387
4,427

1,616
673

8,439
10,728

1,537
255

5,804

35.9
141.3
142 .0
319.2

47.1
78.1
80.3

205.5

23.4
71.3

1l2.2
206.9

65.1
187.6
258.6
511.3

39.2
111.5
131.4
282 .1

Table 4. Populations by Area and Major Fish Groups, Chickamauga Reservoir, 
1972 • 

Fish Number Number Pounds 
Sample Area Group of per per 

Species Acre Acre 

Nance Hollow Game 12 1~128 35.9 
Rou"Sh 12 251 141.3 
Forage 6 3,322 142.0 

30 4~701 319.2 

Chigger Point Game 10 2,631 47.1 
Rough 10 198 78.1 
Forage __ 7 3,567 80.3 

27 6,396 '2'0'5.5 

Sale Creek Game 11 910 23.4 
Rough 11 130 71. 3 
Forage ---1 3,387 112.2 

31 4,427 '2'06:9 

TRM 508 Game 12 1,616 65.1 
Rough 11 673 187.6 
Forage ---11 8,439 ~ 

34 10,728 511.3 

All Art!as Game 12 1,537 39.2 
(8.85 acres) Rough 12 255 111.5 

Forage -1l ,~. 012 131. 4 
35 5,804 282."1 



Table 5. Species Composition of Cove Populations,
1972.

Chickamauga Reservoir,

Species Percent of Percent of
Total Number Total Weight

Thread fin shad
Bluegill
Miscellaneous minnows
Gizzard shad
Drum
Longear sunfish
Redear sunfish
Spotted bass
Largemouth bass
White crappie
Channel catfish
Smallmouth buffalo
Spotted sucker
Yellow perch
Warmouth
Yellow bass
Carp
Skipjack
Orangespotted sunfish
Flathead catfish
Golden redhorse
Green sunfish
Black crappie
Hogsucker
River redhorse
Longnose gar
White bass
Sauger
Black redhorse
Black bullhead
River carpsucker
Blue catfish

49.7
20.2
14.9

5.1
3.4
2.0

.9

.8

.6

.4

.3

.2

.2

.2

.2
.2
.i
.I
.1

t
t
t
t
t
t
t
t
t
t
L
t

10.3
6.5
1.0

35.3
9.1

.7
2.4

.3
2.6

.8
2.8

13.9
2.0

.2

.1

.1

8.8
.3
t
.2

1.2
t
t
.1
.1
.3
t
.1
.2
t
.1
.3

Total 99.6 99.8

t = Less than .05

Table 5. Species Coruposition of Cove Populat::'ons, Chickamauga Reservoir, 
1972 • 

Speci.es 

Thread fin shad 
Bluegill 
Miscellaneous minnows 
Gizzard shad 
Drum 
Longear sunfish 
Redear sunfish 
Spotted bass· 
Largemouth bass 
Whi te crappie 
Channel catfish 
Smallmouth buffalo 
Spotted sucker 
Yellow perch 
Warmouth 
Yellow bass 
Carp 
Skipja.ck 
Orangespotted sunfish 
Flathead catfish 
Golden redhorse 
Green sunfish 
Black crappie 
Hogsucker 
River redhorse 
Longnose gar· 
White bass 
Sauger 
Black redhorse 
Black bullhead 
Riv~r. carpsucker 
Blue catfish 

Total 

t = Less than .05 

Percent of 
Total Number 

49.7 
20.2 
14.9 
5.1 
3.4 
2.0 

.9 

.8 

.6 

.4 

.3 

.2 

.2 

.2 

.2 

.2 

.1 

.1 

.1 
t 
t 
t 

t 
t 
t 
t 
t 
t 
t 
t 
t 

t 

99.6 

Percent of 
Total Weigh t 

10.3 
6.5 
1.0 

35.3 
9.1 

.7 
2.4 

.3 
2.6 

.8 
2.8 

13.9 
2.0 

.2 

.1 

.1 
8.B 

.3 
t 
.2 

1.2 
t 

t 
.1 
.1 
.3 
t 
.1 
.2 
t 
.1 
.3 

99.8 



Table 6. Size Distribution per Acre by Species, Chickamauga Reservoir, 1972.

Young-of-year Intermediate Harvestable

Species
Numlmr Weight Number Weight Number Weight

(ib) (ib) (ib)

Threadfin shad 2858 29.15 - - - -

Bluegill 993 4.1 103 5.56 61 8.15
Miscellaneous minnows 856 2.70 . - - -

Drum 101 1.99 55 6.40 41 17.29

Longear sunfish 78 .49 36- 1.34 2 .21
Spotted bass 42 .36 6 .21 t .15
Redear sunfish 21 .17 10 .60 19 6.02
White crappie 14 .09 4 .27 4 1.81
Yellow perch 13 .30 - - 1 .16
Largemouth bass 8 .11 21 2.73 6 4.56
Warmouth 8 .05 4 .24 1 .09
Spotted sucker 7 .23 t .16 6 5.37
Yellow bass 3 .05 6 .07 1 .08
Channel catfish 1 .01 5 .61 11 7.40
Green sunfish 1 .05 1 .07 t .04
White bass 1 .04 t .02 - -

Black crappie I t - t .12
Smallmouth buffalo 1 .15 1 .14 11 38.97
Gizzard shad t .01 - 292 99.47
Golden redhorse t .01 t .04 2 3.47
Flathead catfish t t t .07 t .52
Sauger t .05 1 .13 t .11
Skipjack t .01 4 .58 t .18
Blue catfish tt - - 1 .95
Hogsucker - - t .02 t .17
Longnose gar - t .02 t .86
>'rp - - 5 24.95
lPivzr redhorse -- -t .16
Black redhorse - - I Ii6
Black bullhead - t .02 - -

River carpsucker - - - - t .29

Total 5015 40.73 260 19.34 465 222.01

t - Less than .05 for number and 0.01 fo: %:eight



Table 7. Size Distribution of Major Fish Groups 2 Chickamauga Reservoir, 1972.

Percent by Number Percent by Weight
Fish
Group

Young-of-year Intermediate Harvestable Total Young-of-year Intermediate Harvestable Total

Game 21 3 2 26 2 4 8 14

Rough 2 1 1 4 1 3 36 40

Forage 65 t 5 70 11 t 35 46

All Fish 88 4 8 100 14 7 79 100

Table 7. Size Distribution of Major Fish Groups, Chickamauga Reservoir, 1972. 

Percent by Number Percent by Weight 
Fish 
Group 

Young-of-year I ntermed la te Harvestable Total Young-of-year Intermed iate Harvestable Total 

Game 21 3 2 26 2 4 8 14 

Rough 2 1 1 4 1 3 36 40 

Forage 65 t 5 70 11 t 35 46 

All Fish 88 4 8 100 14 7 79 100 



Table 8. Percent of Marked Fish Recovered, by Area, Chickamauga Reservoir, 1972.

Species Number Number Percent
Marked Recovered Recovered

Redear 59 50 84.7
Carp 52 41 78.8
Bluegill 42 26 61.9
Largemouth bass 38 28 73.7
Shad 36 25 69.4
Smallmouth buffalo 17 15 88.2
Spotted bass 17 7 41.2
White crappie 11 7 63.6
Drum 9 8 88.9
Redhorse 4 2 50.0
Longear 3 3 100.0
Black crappie I 1 100.0
Spotted sucker 1 1 100.0
Golden shiner 1 1 100.0
Yellow perch 1 1 100.0
Flathead catfish 1 1 100.0
Channel catfish 1 0 0.0
Yellow bass 1 0 0.0

All 295 217 73.6

Sample Area

Sale Creek 106 86 81.1

Chigger Point 56 30 53.6*

Nance Hollow 51 39 76.5

TRM 508 82 62 75.6

All 295 217 73.6

Average 74 54

*Large hole found in block net

~able 8. Percent of Marked Fish Recovered, by Area, Chickamauga Reservoir, 1972. 

Species 

Redear 
Carp 
Bluegill 
Largemouth bass 
Shad 
Smallmouth buffalo 
Spotted bass 
White crappie 
Drum 
Redhorse 
Longear 
Black crappie 
Spotted sucker 
Golden shiner 
Yellow perch 
Flathead catfish 
Channel catfish 
Yellow bass 

All 

Sample Area 

Sale Creek 

Chigger Point 

Nance Hollow 

TRM 508 

All 

Average 

Number 
Marked 

59 
52 
42 
38 
36 
17 
17 
11 

9 
4 
3 
1 
1 
1 
1 
1 
1 
1 

295 

106 

56 

51 

82 

295 

74 

*Large hole found in block net 

Number Percent 
Recovered Recovered 

50 84.7 
41 78.8 
26 61. 9 
28 73.7 
25 69.4 
15 88.2 

7 41.2 
7 63.6 
8 88.9 
2 50.0 
3 100.0 
1 100.0 
1 100.0 
1 100.0 
1 100.0 
1 100.0 
0 0.0 
0 0.0 

217 73.6 

86 81.1 

30 53.6* 

39 16.5 

62. 75.6 

217 73.6 

54 



Table 9. Comparison of Rotenone Survey Results
Reservoir - 1970-1972.

in Coves of Chickamauga

Cove Area Year Sample Area No. Fish Lb Fish
Size (ac) per Acre per Acre

Nance Hollow 1970 2.20 2,910 216.6

1971 3.10 2,574 251.4

1972 3.10 4,701 319.2

Chigger Point 1970 2.24 3,709 200.6

1971 2.40 1,159 167.8

1972 2.40 6,396 205.5

Sale Creek 1970 1.50 3,094 200.7

1971 2.30 3,734 88.7

1972 2.30 4,427 206.9

TRM 508.0 1971 1.05 5,549 321.9

1972 1.05 16,728 511.3

I

Table 9. Comparison of Rotenone Survey Results in Coves of Chickamauga 
Reservoir - 1970-1972. 

Cove Area Year Sample Area No. Fish Lb Fish 
Size (ac) per Acre per Acre 

Nance Hollow 1970 2.20 2,910 216.6 

1971 3.10 2,574 251.4 

1972 3.10 4,701 319.2 

Chigger Point 1970 2.24 3,709 200.6 

1971 2.40 1,159 167.8 

1972 2.40 6,396 205.5 

Sale Creek 1970 1.50 3,094 200.7 

1971 2.30 3,734 88.7 

1972 2.30 4.427 206.9 

TRM 508.0 1971 1.05 5.549 321. 9 

1972 1.05 16,728 51l.3 
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INTRODUCTION

This report contain.,; recent information on the population of fishes

along the shoreline and in coves of Chickamauga Reservoir. It contains the

results of samples taken with rotenone during September 1973 by the Tennessee

Valley Authority, with assistance from the Tennessee Game and Fish

Commiss ion.

These samples constitute one phase of a broad study to monitor fish

populations before and after operation of the Sequoyah Nuclear Power Plant.

These data are part of the preoperational studies. Technical data presented

will be used in an overall evaluation of the effects of thermal discharges

from this plant; they 'should also be helpful to biologists called on to

investigate fish kills, evaluate introductions of exotic species, or to

study other fisheries conditions in Chickamauga Reservoir.

Specific data reported here reflect the number, size, mass, and

variety of species found, and indicate reproductive success of the various

fishes which inhabited the coves and shoreline area of Chickamauga Reservoir

during 1973.

This report was prepared by Berry Stalcup, Muscle Shoals,

Alabama.
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FISH INVENTORY DATA

CHICKAMAUGA RESERVOIR

1973

SAMPLE AREAS AND PROCEDURES

Total surface area of C6ickamauga Reservoir at full pool

(elevation 682.5) is 35,400 acres. During the sampling period,

September 17 to September 28, 1973, the lake was two feet below full

pool, making reservoir area 32,800 surface acres. Surface water

temperatures varied from 74.7 to 76.6 degrees F, dissolved oxygen from

3.0 to 5.0 ppm, and pH was 7.0 to 7.5 at all stations.

Rotenone samples were takenin the same four coves as in previous

years, dating back to 1970 (see map); this year sample areas ranged from

1.05 to 3.10 surface acres, average depths from 1.6 to 6.4 feet.

Field procedures for treatment of the area and collection of

data followed standard sampling methods now used in cove rotenone

samples throughout the southeast. Marked fish were added to all

coves prior to treatment to check on fish recovery. A complete list of

the fishes found in this inventory is given in Table 1; size classes used

in data analysis are shown in Table 2.
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SUMMARY OF FINDINGS

Average cove populations--4,938 fish and 258 pounds per acre--

12,112 fish and 289 kilograms per hectare (Table 3).

Major fish classes by number--game 37 percent, rough 7 percent,

and forage 56 percent (Tables 4 and 7).

Major fish classes by weight--ganie 14 percenL, rough 47 percent,

and forage 39 percent (Tables 4 and 7).

Dominant species by number--threadfin shad 41 perceni, bluegill 25

percent, gizzard shad 6 percent, drum 5 percent, and redear

sunfish 5 percent (Table 5).

Dominant species by weight-gizzard shad 31 percent, smallmouth buffalo

15 percent, carp 14 percent, drum 11 percent,. .threadfin shad

8 percent, and bluegill 6 percent (Table 5).

Size distribution of all fish--young-of-year 84 percent, intermediate

7 percent, and harvestable (adult) 9 percent (Tables 6 and 7).

Size distribution-of game fish--young-of-year 84 percent, intermediate

11 percent, and harvestable (adult) 5 percent (Tables 6 and 7).

Spawning success-good reproduction and survival of game and forage species,

especially threadfin shad, bluegill, and redear sunfish.

Young-of-year, largemouth and spotted bass amounted to 24 and 27

per acre respectively (Table 6).

Marked fish--returns from the four areas where marked fish were released

prior to sampling ranged from 75 to 81 percent and averaged 78

percent (Table 8).
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Average cove populations--4,938 fish and 258 pounds per acre--

12,112 fish and 289 kilograms per hectare (Table 3). 

Major fish classes by number--game 37 percent, rough 7 percent, 

and forage 56 percent (Tables 4 and 7). 
, 

Major fish classes by weight--game 14 percent, rough 47 percent, 

and forage 39 percent (Tables 4 and 7). 

Dominant species by numbcr--threadfln shad '11 percent, bluegill 25 

percent, gizzard shad 6 percent, drum 5 percent, and redcar 

sunfish 5 percent (Table 5). 

Dominant species by weight--gizzard shad 31 percent, smallmouth buffalo 

15 percent, carp 14 percent, drum 11 per-oen·t.,· ·threadfin shad 

8 percent, and bluegill 6 percent (Table 5). 

Size distribution of all fish--young-of-year 84 percent, intermediate 

7 percent, and harvestable (adult) 9 percent (Tables 6 and 7). 

Size distribution of game fish--young-of-year 84 percent, intermediate 

11 percent, and harvestable (adult) 5 percent (Tables 6 and 7). 

Spawning success-good reproduction and survival of game and forage spe(~ies, 

especially threadfin shad, bluegill. and n~dear sunfish. 

Young-of-year, largemouth and spotted bass amounted to 24 and 27 

per acre respectively (Table 6). 

Marked fish--returns from the four areas where marked fish were released 

prior to sampling ranged from 75 to 81 percent and averaged 78 

percent (T.able 8). 
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Table I. Common and Scientific Names* of Fishes in Rotenone Samples
Chickamauga Reservoir, 1973.

G ame

White bass - Morone chrysops
Yellow bass - Morone mississippiensis
Bluegill - Lepo is macrochirits
Warmouth - Lepomis Pulosus
Longear sunfish - Lepomis m alotis
Green sunfish - Leponiis cyan£.ilus
Redear sunfish -Lepomis microlophus
Largemouth bass - Micropterus salmoides
Spotted bass - Micropterus punctulatus
White crappie - Poitoxis annmila.is
Sauger - Stizostedion canadense
Yellow perch - Perca flavescens

Rou_ h

Spotted gar - Lepisosteus oculatus
Longnose gar - Lepjsosteus osseus
Skipjack herring - Alosa chrvsochloris
Mooneye - Hiodon tergisus
Carp - Cyprinus carpio
River carpsucker - Carpiodes carpio
Smallniouth buffalo - IcLiobus biibalts
Spotted sucker - Minytrema melanous
Hogsucker - Hypentelium nigricans
Golden redhorse - Moxostoma erythrurum
Shorthead redhorse - Moxostorna macrolepidotum
Channel catfish - Ictalurus punctatus
Blue catfish - Ict-anurus furcatus
Flathead catfish - Pyl~oicti.; olivaris
Drum - Alodinotus grunniens

Forape

Threadfin shad - Doro.•;oma petenense
Gizzard shad -Dorosoma cepedianum
Golden shiner - Noteriionus crysoleucas
Emerald shiner - Notropis atherinoides
Spotfin shiner - Notropis spilopterus
Bluntnose minnow - Pimenhales notatus
Bullhead minnow - Pimethales vigilax
Blackstripe topminnow - FundtTI-s nctatus
Mosquitofish - Garnbusia Lffinis
Brook silversides - Labidesthes sicculus
Logperch - Pcr-,. i iL C- ,

Orangcspottcd sunli:. i - I: r

*According to American Fisheries Society Special Publication Noe 6, 1970.

Tahle 1. Conunon and Scientific Names* of Fishes in Rotenone Samples 
Chickamauga Reservoir, 1973. 

Game 

Whi tc bass - Marone chrysops . 
Yellow bass - Morone mississippiensis 
Bluegi.ll - Lcpnmis macrochirlls 
Warmouth - Lcpomis gulosus 
Longear sunfish - Lcpomis !!~.l'alotis 
Green sunfish - Lepomis cyan!" Hus 
Redear sunfish - Lepomis ruicrolophus 
Largemouth bass - Micropterus salrnoides 
Spotted bass - Microptcrus pllnctulatus 
Whi tc crappie - l'OIlK1X is ~~ 
Sauger - Stizllstedion cnnadcnHC 
Yellow perch -~ £lavesccns 

Sp6tted gar - Lepisosteus oculatus 
Longnose gar - Lepisosteus osscus 
Skipjack herring - Alosa chrysochloris 
Mooneye - Hiodon tcr.gisus 
Carp - Cyprinu~ carpio 
River carpsucker - Carpiodcs carpio 
Smallmouth buffalo - lcliohus bllb.!!.!.!!! 
Spotted sucker - Mi.nytrcma melanops 
Hogsucker - Hypentclium nigricans 
Golden rcdhorse - Moxostoma crythrurum 
Shorthead redhorsc - Hoxostoma mn.crolepidotum 
Channel catfish - Ictalurus punctatus 
Blue catfish - I.r.ta~. fur,atllS 
Flathead cntfish - Pylnolicti.:: olivariu 
Drum - Apll"loinotus .snmniens 

Forap,e 

Thread fin shad - Doro;;oma pe tencnse 
Gizzard shad - Dorosoma cepedianum 
Golden shiner - Not('r.!l.~onus crysoleucas 
Emerald shiner - Notropis atherinoides 
Spotfin shiner - Notrop; s spilopterus 
Bluntnose minnow - Pimcnbalcs notatus 
Bullhead minnow - Pimetlhales ~gila~ 
Blackstripc topminnow - Fundulus nctatlls 
Mosquitofish - GWOh1..if;iJ.· affinis ----
Brook silvers ides - 13bidcsthes sicculus 
Logpcrch - T'c!"«n:l C;';'l"\'(!L'~' 

Onlnt;(:spottcd sunli::'1 - Lv.,(':·;.:: ill:r::il;;: 

/*According to American Fisheries Society ~r('dal Puhlic:'ltion No.6, 1970. 



- Table 2. Size Classes* Used in 1973 Fish Inventories.

Species Young-of-year Intermediate Harvestable

- - - - - - - - length in mm- ----------

'2. Vte bass 1-150 151-200 201 and over
Yellow bass 1-75 76-100 101 "

'luegill 1-75 76-125 126 "
Otither sunfishes 1-75 * 76-125 126 "

Largemouth bass 1-100 101-125 226 "

Spotted bass 1-100 101-200 201 "

Reck bass 1-75 76-125 126 "

Wqhite crappie 1-75 76-175 176 "

Black crappie 1-75 76-175 176 "

Saugcr 1-200 201-275 276
Waileye 1-200 201-275 276
Yellow perch 1-150 201-275 151

Gar 1-300 301-475 476
Skip jack herring 1-150 151-275 276
Noneye 1-150 151-275 276
Carp 1-200 201-300 301
Car-suckers 1-175 176-250 251
OtAher suckers 1-175 176-250 251
Redhorse 1-175 176-250 251
Blue catfish 1-125 126-225 226
Bullhead 1-100 101-175 176
Channel catfish 1-125 126-225 226
Flathead catfish 1-125 126-275 276
Drum 1-125 216-200 201

ForLge**

Threadfin shad 1-125 -- 126
Gizzard shad 1-125 -- 126
M i n n o w s . .. ..
Orangespotted sunfish 1-50 51-75 76

*The size class division for each species is arbitrary but baned on knowledge
of growth rates and information from creel census and commercial harvest
records.

* of minnows was not differentiated.

7ob1e 2. SizeClasses* Used in 1973 Fish Inventories. 

Species Young-of-year Intermediate Harvestable 

- - - - - - - - length in rom - - -

·,~:l:~ ~e bass 
':' ::llm.; bass 
Bluegill 

1-150 151-200 201 and over 

'Jther. sunfishes 
La!"gemouth bass 
Spotted bass 
::ock bass 
W;,itc crappie 
f;lack crappie 
Saug(.r 
\-;alleye 
Ye How perch 

S~~:l.pjack herring 
tiOl)!! eye. 
Ci:J!'"P 
Cer~· seckers 
Ci::her suckers 
Redhorse 
Blue catfish 
Bullhead 
Channel catfish 
Fl~till'.:ld catfish 
Drum 

Forage** 

Thr~adfin shad 
Gizzard shad 
Minnows 
Orangespotted sunfish 

1-75 
1-75 
1-75 
1-100 
1-100 
1-75 
1-75 
1-75 
1-200 
1-200 
1-150 

1-300 
1-150 
1-150 
1-200 
1-175 
1-175 
1-175 
1-125 
1-100 
1-125 
1-125 
1-125 

1-125 
1-125 

1-50 

. . 
76-100 
76-125 
76-125 

101-125 
101-200 

76-125 
76-175 
76-175 

201-275 
201-275 
201-275 

301-475 
151-275 
151-7.75 
201-300 
176-2)0 
176-250 
176-250 
126-225 
101-175 
126-225 
126-275 
216-20a 

51-75 

101 
126 
126 
226 
201 
126 
176 
176 
276 
276 
151 

476 
276 
276 
301 
251 
251 
251 
226 
176 
226 
276 
201 

126 
126 

76 

I 

*The size class divisi.on for each species is arbitrary but bn~(>d on knovledge 
of gruwth rates and information from creel cenSUl:; and commercial harvesr. 
records. 

**s::.::.,:; of minno",'s was not differentiated. 
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Table 3. Sample Areas and Fish Populations per Acre and Hectare, Chickamauga Reservoir; 1973

Size Mean Depth Number Weight
Sample Area

Acres Hectares Feet Meters Per Acre Per Hectare Pounds Kilograms
Per Acre Per Hectare

Nance Hollow 3.10 1.26 6.4 1.95 3,5L9 8,687 252.0 282.4

Chigger Point 2.40 .97 1.6 .49 3,581 8,861 176.3 197.6

Sale Creek 2.30 .93 4.7 1.43 4,621 11,429 179.9 201.6

IRN 508.0 1.05 .43 2.9 .88 12,919 33,519 633.5 710.1

All Sar5l1.;ls 8.85 3.59 3.9 1.19 4,938 12,112 257.9 289.1

Table 3. Sample Areas and Fish Populations per Acre and Hectare, Chickamauga Reservoir~ 1973 

Size Mean Depth Number Weight 
Sample Area 

Acres Hectares Feet Meters Per Acre Per Hectare Pounds Kilograms 
Per Acre Per Hectare 

Nance Eollow 3.10 1.26 6.4 1.95 3,519 8,687 252.0 282.4 

Chigger Point 2.40 .97 1.6 .49 3,581 8,861 176.3 197.6 

Sale Creek 2.30 .93 4.7 1.43 4,621 11,429 179.9 201.6 

TR}1 50S. 0 1.05 .43 2.9 .88 12,919 33,519 6~;J.5 710.1 

8.85 3.59 3.9 1.19 4,938 12,112 257.9 289.1 



Table 4. Populations by Area and Major
1973.

Fish Grouws, Chickamauga Reservoir,

Fish Number Number Pounds
Sample Area Group of per per

Species Acre Acre

Nance Hollow

Chigger Point

Sale Creek

TFM 508

All Areas
(8.85 acres)

Game
Rough
Forage

Game
Rough
Forage

Game
Rough
Forage

Game
Rough
Forage

Game
Rough
Forage

1.0
12

9
31

12
9
8

29

12
10
6

28

11
9
8

28

12
15
12
39

1,278
329

1,912
3,519

1,825
204

1,552
3,581

2,453
269

1,899
4,621

2,007
791

10,121
12,919

1,818
335

2,78

27.2
118.4
106.4
252.0

32.6
101.2
42.5

176.3

24.8
98.3
56.8

179.9

79.8
223.2
330.5
633.5

34.3
120.9
102.7
257.9

Table 4. Populations by Area and Major Fish Groul's, Chickamauga Reservoir, 
1973. 

Fish Number Number Pounds 
Sample Area Group of per per 

S pe('ies Acre Acre 

Nance Hollow Game 1.0 1,278 27.2 
Rough 12 329 118.4 
Forage 9 1,912 106.4 

31 3,519 252.0 
: 

Chigger Point Game 12 1,825 32.6 
Rough 9 204 101.2 
Forage 8 1,552 ~ 

29 3,581 176.3 

Sale Creek Game 12 2,453 24.8 
Rough 10 269 98.3 
Forage 6 1,899 56.8 

28 4,621 l79.9 

TP.M 508 Game 11 2,007 79.8 
Rough 9 791 223.2 
Forage 8 10 2121 330.5 

2s 12,919 633.5 

All Areas Game 12 1,818 34.3 
(8.85 acres) Rough 15 335 120.9 

Forage E 2,785 102.7 
39 ",938 257.9 



Table 5. Species composition of Cove Population, Chickamnutga Reservoir,
1973.

Percent of Percent of
Species Total Number Total Weight

Threadfin shad 40.8 7,7
Bluegill 24.7 5.9
Gizzard shad 6.4 31.1
Drum 4.8 10.7
Redear sunfish 4.8 2.4
Bullhead minnow 3.9 .2
Longear sunfish 3.6 .7
Brook silversides 1.6 .1
Emerald shiner 1.4 .1
Blacks triped topminnow 1.3 .1
Largemouth bass 1.1 2.4
Spotted sucker 1.1 2.4
Warmou th 1.0 .3
Spotted bass .6 .2
Logperch .6 .3
White crappie .4 .8
Channel catfish .4 3.3
Yellow perch .3 .3
Smallmouth buffalo .2 14.5
Carp .2 14.1
Yellow bass .2 .1
Green sunfish .2 .1
White bass .1 .1
Skipjack herring .1 .3
Golden shiner .1 .1
Spotfin shiner .1 -
Flathead catfish - .6
Golden redhorse .6
River carpsucker - .2
Shorthead redhorse - .1
Sauger - -
Blue catfish
Spotted gar
Longnose gar
Orangespotted sunfish
Mooneye
Mosquitofish
Hogsucker
Bluntnose minnow

Total 100.0 99.8

- = Less than .05

Table 5. Species composition of Gove Population. Chickamauga R(.~scrvoir, 
1973. 

Species 

Threadfin shad 
Bluegill 
Gizzard shad 
Drum 
Redear sunfish 
Bullhead minnow 
Longear sunfish 
Brook silversides 
Emerald shiner 
Blackstriped topminnow 
Largemouth bass 
Spotted sucker 
Warmouth 
Spotted. bass 
Logperch 
White crappie 
Channe 1 ca tf ish 
Yellow perch 
Smallmouth buffalo 
Carp 
Yellow bass 
Green sunfish 
White bass 
Skipjack herring 
Golden shiner 
SpotHn shiner 
Flathead catfish 
Golden red horse 
River carpsucker 
Shorthead redhorse 
Sauger 
Blue catfish 
Spotted gar 
Longnose gar 
Orangcspottcd sunfish 
Mooneyc 
Mosquitofish 
Hogsucker 
Bluntnose minnow 

Total 

Percent of 
Total Number 

40.8 
24.7 

6.4 
4.8 
4.8 
3.9 
3.6 
1.6 
1.4 
1.3 
1.1 
1.1 
1.0 
.6 
.6 
.4 
.4 
.3 
.2 
.2 
.2 
.2 
.1 
.1 
.1 
.1 

_. 

100.0 

Percent of 
Total Weight 

7.7 
5.9 

31.1 
10.7 
2.4 

.2 

.7 

.1 

.1 

.1 
2.4 
2.4 

.3 

.2 

.3 

.8 
3.3 

.3 
14.5 
14.1 

.1 

.1 

.1 

.3 

.1 

.6 

.6 

.2 

.1 

99.8 

-----------------_ .. _----------------------
- = Less than .05 



Table 6. Size distribution per acre by species, Chickamagua Reservoir, 1973.

Young-of-year Intermediate Harvestable

Species
Number Weight Number Weight Number Weight

(lb) (lb) (1b)

Threadfin shad 2,013 19.82
Bluegill 1,020 3.22 135 4.32 65 7.69
Redear sunfish 211 1.34 9 .40 17 4.49
Bullhead minnow 196 .57
Longear sunfish 149 453 27 .99 2 .17
Drum 82 1.17 109 10.02 44 16.45
Brook silversides 78 .23
Emerald shiner 70 .16
Blackstriped topminnow 65 .19
Spotted sucker 48 1.94 2 .47 4 3.73
Warmouth 42 .30 2 .11 2 .31
Logperch 28 .64
Spotted bass 27 .23 2 .19 - .11
Largemouth bass 24 .34 21 2.51 6 3.42
White crappie 10 .60 4 .32 5 1.59
Green sunfish 9 .11 1 .02 - .02
Yellow bass 8 .05 1 .02 2 .04
White bass 6 .13 1 .06 - .09
Yellow perch 6 .39 4 .44
Orangespottcd.sunfish 4 .02 2 .05
Golden shiner 4 .34
Spotfin shiner 3 .07
Skipj;:ck herring 2 .04 4 .64
Channel catfish 1 .01 7 1.09 10 7.35
Sauger 1 .08 - .03 1 .27
Morquitofish 1 -
Smallmouth buffalo - .01 - .09 9 37.23
Gizzard shad - - 315 80.24
Golden redhorse - .02 1 1.64
1l thead cat:ish - .01 - .13 7 1.31

e catfish - .03
Hogsucker - .08 - .2o
Longnose gar - .03
Carp 7 36.29
Mooneye - - .06
Shorthead redhorse 1 .25 .13
Spotted gar - .01
River carpsucker - .49

Total 4,108 32.56 328 21.86 495 203.76

- L:!ss than .5 for number and 0.01 for weight.

Table 6. Size dIstribution per acre by species, Ch!ckamagu8 Reservoir. 1973. 

Young-of-year Intermediate Harvestab1e 

Species 
Number Weight Number Weight Number Weight 

(lb) (1b) (lb) 

Threadfjn shad 2,013 19.82 
Bluegill 1,020 3.22 135 4.32 65 7.69 
Rec.ear sunfish 211 1.34 9 .40 17 4.49 
Bullhead minnow 196 .57 
Longear sunfish 149 .4 53 27 .99 2 .17 
Drcm 82 1.17 109 10.02 44 16.45 
t~0ok silversides 78 .23 
Emerald shiner 70 .16 
Blackstr:,pHl topminnow 65 .19 
Spotted sucker 48 1.94 2 .47 4 3.73 
Wa:-mo'.lth 42 .30 2 .11 2 .31 
Logperch 28 .64 
Spottt:d bass 27 .23 2 .19 .11 
Laq~0.mouth bass '14 .34 21 2.51 6 3.42 
.tnite crappie 10 .60 4 .32 5 1.59 
Green sunfish 9 .11 1 .02 .02 
Yellow bass 8 .05 1 .02 2 .04 
White bass 6 .13 1 .06 .09 
YeEow perch 6 .39 4 .44 
Orangespottccl sunfish 4 .02 2 .05 
GO.!.t~en shiner 4 .34 
Spotfin shiner 3 .07 
SkiFj;;c:<: herring 2 .04 4 .64 
Channel catfish 1 .01 7 1.09 10 7.35 
Sauger 1 .08 .03 1 .27 
Moquitofish 1 
Smallmouth buffalo .01 .09 9 37.23 
Gizzarc shad 315 80.24 
Golden red horse .02 1 1.64 
I l~thcad c~:fish .01 .13 , 1.31 ~ 

. c catEsh .03 
Hogsucker .06 .20 
Longnose gar .03 
Carp 7 36.29 
Moolleye .06 
Shorthead redhorse 1 .25 .13 
Spotted gar .01 
River carp sucker .49 

Total 4,108 32.56 328 21.86 495 203.76 

- '" !...·:~S6 than .5 for number and 0.01 for weight. 
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Table 7. Size Distribution of Major Fish Groups, Chickamauga Reservoir, 1973.

Percent by Number Percent by Weight

Fish
Group Young-of-year Intermediate Harvestable Total Young-of-year Intermediate Harvestable Total

Game 31 4 2 37 3 4 7 14

Rough 3 3 1 7 1 5 41 47

Forage 50 - 6 56 8 - 31 39

All Fish 84 7 9 100 12 9 79 100

Table 7. Size Distribution of Major Fish Groups. Chickamauga Reservoir. 1973. 

Percent by Number Percent by Weight 

Fish 
Group Young-of-year Intermediate Harvestable Total Young-of-year Intermediate Harvestable Total 

Game 31 4 2 37 3 4 7 14 

Rough 3 3 1 7 1 5 41 47 

Forage 50 6 S6 8 31 39 

All Fish 84 7 9 100 12 9 79 100 



Table 8. Percent of Marked Fish Recovered, by Area, Chickamauga Reservoir, 1972.

Number Number Percent
Species Marked Recovered Recovered

White crappie 151 103 68.2
Redear sunfish 63 55 87.3
Bluegill 50 43 86.0
Gizzard shad 33 25 75.7
Drum 17 15 88.2
Carp 14 13 92.8
Smallmouth buffalo 11 9 81.8
Channel catfish 7 4 57.1
Spotted bass 6 5 83.3
Longear sunfish 4 4 100.0
Flathead catfish 3 3 100.0
White bass 3 2 66.6
Yellow bass 2 2 100.0
Largemouth bass 2 1 50.0
Redhorse sucker 2 2 100.0

Total 368 286 77.7

Sample Area

Nance Hollow 106 86 81.1

Chigger Point 100 75 75.0

Sale Creek 100 77 77.0

TRN 508 62 48 77.4

Total 368 286 77.7

Average 92 72

Table 8. Percent of Marked Fish Recovered, by Area, Chickamauga Reservoir, 1972. 

Number Number Percent 
Species Marked Recovered Recovered 

White crappie 151 103 68.2 
Redear sunfish 63 55 87.3 
Bluegill 50 43 86.0 
Gizzard shad 33 25 75.7 
Drum 17 15 88.2 
Carp 14 13 92.8 
Sma1lmouth buffalo 11 9 81.8 
Channel catfish 7 4 57.1 
Spotted bass 6 5 83.3 
Longear sunfish 4 4 100.0 
Flathead catfish 3 3 100.0 
White bass 3 2 66.6 
Yellow bass 2 2 100.0 
Largemouth bass 2 1 50.0 
Redhorse sucker 2 2 100.0 

Total 368 286 77.7 

Sample Area 

Nance Hollow 106 86 81.1 

Chigger Point 100 75 75.0 

Sale Creek 100 77 77.0 

TR.'l 508 62 48 77.4 

Total 368 286 77.7 

Average 92 72 



Table 9. Comparison of Rotenone Survey Results
Reservoir - 1970-1973.

in Coves of Chickamauga

Sample Area No. Fish Lb Fish
Cove Area Year Size (ac) per Acre per Acre

Nance Hollow

Chigger Point

Sale Creek

TRM 508.0

1970

1971

1972

1973

1970

1971

1972

1973

1970

1971

1972

1973

1971

1972

1973

2.20

3.10

3.10

3.10

2.24

2.40

2.40

2.40

1.50

2.30

2.30

2.30

1.05

1.05

1.05

2,910

2,574

4,701

3,519

3,709

1,159

6,39.6

3,581

3,094

3,734

4,427

4,621

5,549

10,728

12,919

216.6

251.4

319.2

252.0

200.6

167.8

205.5

176.3

200.7

88.7

206.9

179.9

321.9

511.3

633.5

, 

Table 9. Comparison of Rotenone Survey Results in Coves of Chickamauga 
Reservoir - 1970-1973. 

Sample Area No. Fish Lb Fish 
Cove Area Year Size (ac) per Acre per Acre 

Nance Hollow 1970 2.20 2,910 216.6 

1971 3.10 2,574 251.4 
; 

1972 3.10 4,701 319.2 

1973 3.10 3,519 252.0 

Chigger Point 1970 2.24 3,709 200.6 

1971 2.40 1,159 167.8 

1972 2.40 6,39.6 205.5 

1973 2.40 3,581 176.3 

Sale Creek 1970 1.50 3,094 200.7 

1971 2.30 3,734 88.7 

1912 2.30 4,427 206.9 

1973 2.30 4,621 179.9 

TRM 508.0 1971 1.05 5,549 321.9 

1972 1.05 10,728 511.3 

1973 1.05 12,919 633.5 



NUMBER OF SAMPLES AND TOTAL NUMBERS iPER HECTAR) AND

101AL WEIGHT (KG/HAI BY SIZE CLASS

- -- ----- - ------ -------------- - ------ - --- RESNV*.7 ---------- ---- - -- -I Samples
PerAYEAR IScOa ielT

47
49
50
51
52
54
55
56
57
58
59
70
71
72
73
74
i5

3
1
7
1
3
2
I
2
2
2
!

12

4
4
4
4
4

$55

YNGNUN

33.3
645.9

2064.2
1331.1
1407.4
5184.0
6118.9
4265.2
6850.5
2405.5
1579.0
6639.2
6643.4
3793.4

12009.1
3776.9

10841.5
5340.8

YNGWT ININUM

0.748
2.252
7.532
5.736
4.086

24.4.;4
20.409
14.065
27.274
22.040
5.981

13.634
28.826

110.913
67.324
34o516
37.599
28.293

332.099
265.574
340.250
167.213
54.535

481; .889
615.315
506.111
871.337
247.143
500.000
529.506
581.899
905.275
947.200
670.834
439.655
530.655

INTWT

64.2901
40.0246
56.2336

8.7016
1.6953

25.8654
30.8829
24.5885
32.7688
10.2115
22.5495
23.8930
93.0585
29.3162
35.1398
21.4338
14.5601
32.9600

ADTNUN

239.51
140.98
724.73
134.43
140.09
761.73

1163.06
802.25

2636.69
365.83
883.81
931.24
770.70
798.15

1556.38
1081.25
1363.04
920.75

52.640
25.090
92.470
24.477
24.409

172.443
254.839
134.230
4440393
80.859

195.380
176.927
131.861
217.003
284.447
192.062
184.949
165.477

604.9
1052.5
3129.2
1632.8.
1602.0
6434.6
7897.3
5573.5

10358.5
3018.5
2962.9
8099.9
7996.0
5496.8

14513.2
5529.0

12650.2
6792.2

ADTWT TOTNUM OTNT

117.686
67.367

156.236
38.915
30.190

222.762
306.131
172.883
504.436
113.117
223.910
214.454
253.746
357.232
386.911
248.011
237.108
226.729

0

0

t.J1

tmj

t12

NUMBfR OF SAMPLES AND TOTAL NUMBERS I'EI HECTAI' AND 

lOlA( WEIGHt IKG/HA. BY SIZE CLASS 

---------------;-s~ie;-------------~--------------- RES"-l ---------------------------------------------------------.----~ 
Per .lear 

YfAI SCOlHT YN'~UM YNGWT lNTNUM INTWT AOTNUM AOTNT TOTNUM TOTNT 

"1 I 33.3 0.1,., 332 .099 64.2901 239.51 52.648 604.9 117 .686 
It9 I 645.9 2.252 265.511t 40.0246 140.98 25.090 1052.5 67.367 
50 1 2064.2 7.532 340.250 5t. .2336 724.73 92.410 3129.2 U6.236 
51 I 1331.1 5.136 161.213 8.1016 134.43 24.471 1632.8. 38.915 
52 3 1401.4 4.086 51,.535 1.6953 140.09 24.409 1602.0 30.190 
5" 2 5184.0 ·24.4;4 481; .889 25.8654 761.73 112.443 6434.6 222.162 
55 I 6118 .9 20.409 61S.lI5 30.8829 1163 .06 254.839 7891.3 306.131 0 

56 2 4265.2 14.065 506.111 24.5885 802.25 134.230 5513.5 112.883 ~ 51 2 6850.5 21.214 811.331 32.1688 263f».69 444.393 10]58.5 504.436 c:: 
58 2 2405.5 22.0ltO 247.143 10.2115 365.83 80.859 3018.5 113.117 8 
59 I 1519.0 5.981 500.000 22.5495 883.81 195.380 2962.9 223.910 ~ 
70 12 6639.2 13.634 529.506 23.8930 931.24 116.927 8099.9 214.454 g 71 .4 6643.4 28.826 581.899 93.0585 110.70 131.861 1991>.0 253.746 
12 " 3193.4 110.913 905.21S 29.3162 798.15 217.003 5496.8 351.232 ~ 73 " U009.1 61.324 941.200 35.1398 1556.38 284.441 14513.2 386.911 
1" .. 3116.9 34.516 610.834 21.4338 1081.25 192.062 5529.0 248.011 88 
15 " lOa,. J.5 37.599 /t39.655 1/t .5601 U63.04 184.949 12650.2 231.108 

f;1~ • 55 5)40.8 28.293 530.U5 32.9600 920.75 165.471 6192.2 226.729 
Ot-J 
0 
;j;'; 

V1 
!::OI 

~~ 
=:: 
~ 
t-J 
en 

~ 
~ en 



TOTAL NUMBEUS AND NEIGHI sy SIZE CLASS -- R8SRV0JR WIDE AVERAGE

S- - - f e . ESv?-------------------------------------- RSV ?--------

SPECIES SCRAHE

10401001 tEPISOSIEUS OCULATUS
10401002 lEPISOSTEUS USSEUS
10601003 ALOSA CHRYSOCHLDRIS
10604007 OOROSOMA CEPEDIANUM
10604008 DOROSOMqA PETENENSE
10604601 MIXED OCROSOMA
10601002 HIODON IERGISUS
11100000 CYPRINIDAE
11102003 CAMP0S1ORA ANORALUR
11103005 CARASSIUS AURATUS
11104011 CLINU5IO0US FUNDULDIDES
11105012 CYPRINUS CARPIO
11114052 HYtOPSIS STORERIANA
11124061 NOI1HIGONUS CIYSOLEUCAS
11125000 NOIROPIS SP.
11125073 NOIROPIS ATHERINOROES
11125084 NOTROPIS BUCHANANI
11125143 NOTROPIS SPILOPTERUS
11125159 NOIROPIS INILIAE
11125160 NOIROPIS CHRYSOCEPHALUS
11129000 PIMEPHALES SP.
11129166 PIHEPHALES NOTATUS
11129169 PIHPHAIS VIGILAX
11201001 (ARPIODES CANPIO
11201002 CAiPIODES CYPRIMUS
11206028 HYPENTELIUM NIGRICANS
11207000 ICTIuOus SP.
11207030 IC(IOUS BUBALUS
11207031 ICTIOSUS CYPRINELLUS
.11207032 ICTIOBUS NIGER
11209034 HINYTREMA MELA4OPS
11210000 MOXOSIONA SP.
11210038 NOXOSTO"A HACROLEPIOOTUR
11210039 MOXOS70MA CARINATUN
11210044 MOXOSI0A DUQUESNEI
11210045 MOXOSIOMA ERYTHRURUN
11301002 ICtALURUS FURCATUS
11301004 ICIALURUS MELAS
11301005 ICIALURUS NATALIS
11301009 ICIALURUS PUNCTATUS
11303032 PYLODICTIS OLIVAUIS
11500000 CVPRINUDONTIDAE
11506024 FUNDULUS NOTATUS
11506026 FUNOULUS OLIVACCUS
11602001 GAMBUSIA AFFINIS
12201002 MORONE CHRYSOPS
12201003 MORONE MISSISSIPPIENSIS
12300801 MIXED SUNFISHES
12302003 AMBLOPLMIES RUPESIRIS
12307000 LEPOMIS SP.
12307012 LE 01•GULOSUSam am; aN

YVGNUM YNGUT INTNUR INTWT ADINUM ADTWT

0.17
0.50
3.91

315.61
2839.87
287.52

0.37
31.70
0.09
0.03
0.52
0.32
0.63
6.42
6.10

25.23
0.30
2.68
0.11
0.94

44.87
113.28
525.61

0:03

3.06

38.77
5.45

0.03
0.10
3.66
0.10

1.83
1 .94

19.32
4.07
0.68
0.51

20.73
8.67
0.00
0.16
0.04

0.025
0.001
0.034
5.878

19.102
2.677
0.004
0.036
0.001
0.001
1.245
0.001
0.004
0.218
0.008
0.057
0.000
0.006
0.000
0.002
0.122
0.113
0.544

0:001

0.368

0.652
0.100

0:001
0.011
0.045
0.001

0.013
0.008
0.025
0.000
0.001
0.001
0.123
0.106
0.301
0.001
0.142

0.73
0.27
4.48

0.03

0.12

0:15
0.22
5.51

0 *10

6.04
0.47
0.18
0.02
0.20
0.46
1.14
0.07

85.0
0.89

0.25

2.39

0.42

6.76

0.209
0.031
0.362

0:007

0:033

0:017
0.044
9.130

0:314
0.815
0.057
0.019
0.004
0.032
0.068
0.088
0.004

0:552
0.132

0:016

0.173

0.003

0 152

0:02
1.10

6s1.87
19.41

0:03

11:05

0.05
0.27
0.14
2.48

16.29
3.03
0.06

13.10
0.97
0.02
0.07
1.58
5.11
1.38

0:03
13.35

I .70

0.32

0.10

0:086
0.375

83-192
0.632

0.008

22:483

0.078
0.290
0.046
3.323

96.983
5.350
0.098
4.639
0.593
0.029
0.020
0.696
3.125
0.624

0:013
4.912
0.800

o:s0.056

0.040

0:007

TOTNUN TOTUT

0.90 0.233
0.79 0.118
9.54 0.770

997.68 89.070
2859.28 19.733

287.52 2.677
0.44 0.020

31.70 0.036
0.09 0.001
0.03 0.001
0.52 1.245

11.49 22.517
0.83 0.004
6.42 0.218
6.10 0.008

25.23 0.057
0.30 0.000
2.68 0.006
0.11 0.000
0.94 0.002

44.87 0.122
113.28 0.113
525.61 0.544

0.05 0.078
0.27 0.290
0.32 0.064
2.70 3.367

24.86 36.481
3.03 5.350
0.16 0.413

57.91 6.107
6.89 0.750
0.20 0.049
0.12 0.026
1.89 0.739
9.23 3.238
2.70 0.713
0.07 0.004
0.03 0.013

23.98 5.478
4.52 0.939

19.32 0.025
4.07 0.000
.0.68 0.001
0.51 0.001

21.26 0.197
11.37 0.320
0.00 0.301
0.68 0.010
0.84 0.14292 w 0o

0

0 o

O~R)

co

cor
Cd,

TOTal NUMBERS AND WEIGHT a, SIZE tlASS -- RESRVDIR WIDE aVERALE 

----------------------------------.------------------ RfSRV-J --------------------------------------------------------_.----
SPUIES SCNA"E YNGNU" YNGIIT IHTNUft INTIIT ADTNUM AD"" TOTl'llI" TOlilT 

10401001 lEPISOSTEUS DCUUTUS 0.11 O.OlS 0.13 0.209 · · 0.90 0.233 
10'01002 lEPIS0S'EUS OSSEUS 0.50 0.001 D.ll 0.031 0.02 0.086 0.19 0.118 
1060100] AlOSA (HRYSO(HlORIS '.91 0.03' 4.4' 0.362 1.10 0.375 9.5" 0.110 
10604007 DOROSOKA ([PEOIANUM 315.81 5.87' 681.87 13.192 997.'1 89.070 
10604001 DOROSD"A PE'EHENSE 2139.81 19.102 19 .ltl 0.632 2859.28 19.733 
10604801 IIllfO DOROSOMA 211.52 2.6n · · · 281.52 2.617 (') 

10801002 HIDODN TERGISUS O.il O.OOte 0.0] 0.007 0.03 0.001 0.44 0.020 ~ 11100000 CYPRINIDAE ]I .10 0.036 31.70 0.036 
11102003 (AMPOSlOMa ANOKalUM 0.09 0.001 0.09 0.001 ~ 11103005 CARASSIUS AUI.TUS 0.0] 0.001 0.03 0.001 
11104011 CllNDStOKUS 'UNOUlOIDES 0.52 1.245 · · · 0.52 1.2ft5 
11105012 ("RINUS CARPrO 0.32 0.001 0.12 0.0)3 11.05 22.413 11.49 22.511 0 
11114052 HytOPSIS STORtRIANA 0.83 o .00lt 0.83 0.004 ~ 11124061 NOIEHIGONUS (RYSOLfUCAS 6.lt2 0.218 • 6.42 0.218 
11125000 NOIROP IS SP. 6.10 0.008 • 6.10 0.008 ~ 
I112S01] N0110PI5 ATHERI~OIO(S 25.23 0.051 25.2] 0.051 ~~ 11125084 NOIROPI5 8U(HANaNI 0.30 0.000 0.30 0.000 
11I2~14] NOIROPIS SPllOPTERUS 2.U 0.006 2.U 0.006 t"' 

(')t%J 
11125159 NOIROPIS ("llIAf 0.11 0.000 0.11 0.000 0 
11125160 NOIRDPlS CHRYSOCEPH.LUS 0.'" 0.002 0.94 0.002 ;j~ 
11129000 PIHEPHALIS SP. 44.11 O.HZ 1t4.81 0.122 Vl 

11129166 PIMEPHAlE5 NDTaTUS 113.21 0.1l] 113.28 0.113 ~I 
Or\) 

11129169 P,"(PH_lfS VIGllAX 525.61 o.s" • · 525.M 0.$44 ~ 11201001 (AAPIODES (AI'IO 0.05 0.011 0.05 0.018 
11201002 CAIPIOOES (YPRINUS · · · · 0.21 0.290 0.27 0.290 ~ 1120&028 HYPENTEllUH NI'RICANS 0.0] 0.001 0.15 0.017 0.14 0.046 0.32 0.064 
11201000 1(1I01IU5 5P. · 0.22 0.044 2.48 3.323 2.10 3.3f>1 fJl 
112010)0 I (1108US BUBAlUS '.06 0.]6' 5.51 9.130 16.29 H.983 24.86 36.481 

~ 112070)1 IC11D8US CYPRJNEllUS · · 3.03 5.350 3.03 5.)50 
11201032 1(1I06US fUC.U · · 0.10 0.314 0.06 0.098 0.16 0.413 t-< 
11209034 "INYTRE"' "ELANOPS 38.11 0."52 6.01t 0.815 13.10 4.639 57.91 6.101 t'l 

11210000 "0)(OS10M' SP. 5.lt5 0.100 0.1,7 D.on 0.97 0.593 6.89 0.750 
fJl 

112100]8 HOJOSTOMA "a(ROlEPloaTUR · · 0.18 0.019 0.02 0.029 0.20 0.049 
112100)9 HOlOS10"A (ARINAlUM 0.0] 0.001 0.02 0.00lt 0.01 0.020 0.12 0.02t. 
112100410 MOXOS10MA DUQUESNE I 0.10 0.011 0.20 0.03Z 1.58 0.696 1.89 0.739 
11210045 MDlOSIOMA ERYTHRUaUM 3.66 o.ou o .lt6 0.068 5.11 3.125 9.23 3.238 
J 1301002 ICtALURUS FUACATUS 0.11 0.001 I.I~ 0.088 1.38 0.624 2.10 0.113 
11301004 ICUlUIUS MElU 0.07 0.004 0.01 0.004 
11301005 l(lALURUS NATALIS · · · 0.03 0.013 0.03 o.ou 
11301009 IClaLURUS PUN(lAIUS 1.8] 0.013 8.80 0.552 13.35 4.912 23.98 5.It )8 
1130)0]2 PYlDOI(TIS OllVARIS 1.'10 0.001 0.89 0.132 1.70 0.800 4.52 0.939 
11500000 (YPRlMDODNTlDAE 19.32 0.025 19 .. 32 0.025 
11506024 FUNDULUS NOTATUS 4.01 0.000 4.01 0.000 
11506026 FUNDULUS OllVACEUS 0.68 0.001 0.68 0.001 
11b02001 GAMBUSla AFflNIS 0.51 0.001 · · · · 0.51 0.001 
12201002 MORDMf CHRYSOPS 20.1) O.ll] 0.25 0.016 0.28 0.051 21.26 0.191 
12201001 MOlONE IIISSISSIPPIEHSIS '.67 0.106 2.39 0.113 0.32 0.0100 J 1.31 0.320 
12300101 "lifO SUNFISHES 0.00 0.301 0.00 0.301 
1230200) AM8l0PL.,ES lUPES1RIS 0.16 0.001 0.102 0.003 0.10 0.001 0.68 0.010 
12301000 UPOMIS SP. 0.'4 0.142 · · · · 0.8'" 0.L42 
ln010R, U~0g"I; GULfS; .. u·iW °iir /6.16 "-;152 .. 2. WIlt. ...,.92 .. 0.111t .. ~ .. .... . \ - .' 



TOTAL NUMBERS AND WEIGHT BY SIZE CLASS -- RESRVOIR WIDE AVERAGE

RESRz7 --------

SPECIES SCNAHE YNGNUM YNGdT INTNUM INTWT ADTNUM AOTUT

12307014
12307016
12307017
12307019
12307020
12307801
12308026
12308027
12309029
12309030
12400802
12402000
12402012
12402060
12403075
12404077
12405097
12501001
12905002
19000801

LEPONIS CYANELLUS
LEPONIS HUNILIS
LEPOHIS NACROCHIRUS
LEPORIS MEGALCIIS
LEPONIS HICROLOPHUS
HYBRID LEPOHIS SPP-
MICROPTERUS PUNCTULATUS
NICROPTERUS SALNOIDES
PONOXIS ANNULARIS
POUOXIS NICROMACULATUS
UNIDENTIFIED DARTER (NOT
ETHEOSTOMA SPo
ETHEOSTOHA CAERULEUM
ETHEOSTDMA SPECTABILE
PERCA FLAVESCENS
PERCINA CAPRODES
STIZOSTEDION CANADENSE
APLODINOTUS GRUNNIENS
LA&IDESIHES SICCULUS

6.41
4.22

1642.15
151.84
117.13
0.05

102.92
128.56
38.56
0.22
0.00
0.10
0.10
0.09

17.93
17.27
0.55

124.33
34.62

377.06

0.045
0.011
3.238
0.440
0.659
0.000
0.357
0.495
0.074
0.001
0.000
0.000
0.000
0.000
0.315
0.209
0.032
1.216
0.041
0.720

2.86
3.17

282.79
47.40
28.08
0.09
5.08

33.65
15.86

0.3

0:310
182.60

0.0600.025
5.655
0.903
0.112
0.001
0.163
2.371
0.665

0:049
10.282

0.300.36
107.24

3.01
37.99

1 :44
15.65
14.73
0.48

0:77
86.99

0.0180.014
7.117
0.218
4.179

0:235
4.637
2.329
0.060

0.192
34 .904

TOTNUN
9.57
7.78

2032.18
202.25
183.80

0.14
109.44
177.87
69.15
0.70
0.00
0.10
0o.10
0.09

17.93
17.27
1 .71

393.91
34.62

377.06

TUTWT
0.123
0.049

16.010
1.560
5.550
0.002
0.755
7.503
3.068
0.061
0.000
0.000
0.000
0.000
0.315
0.209
0.273

26.403
0.047
0.720

STIZOSTEDION)

0
0

o

ot

ttj

TOTAL NUMBEIS AND WEIGHT BY SIZE CLASS -- RESRYOla VIDE AV[RA~E 

-------------------------~----------------------------------- IESRV-l --------------------------------------------------------

SPECIES SCHAHE .,NGNUM YNGIiIT INTNUH INTlll ADTNUM IOTVT TOTNUH TOTIIT 

12301014 l(POMIS ("NEllUS 6.41 0.045 2.86 0.060 0.30 0.018 9 .51 0.123 
11301016 lfPOHIS HUH illS ".22 0.011 3.n 0.025 0.31 0.014 1.78 0.049 
12301011 LEPDHIS IllACRDCH IRUS 1642.15 3.238 2U." S.655 101.24 1.111 2032 .18 16.010 
12301019 UPOH IS tlEGAlOTlS 151.84 0.440 101.40 0.903 3.01 0.218 202.25 1.560 
12)01020 lEPDHIS H1CROLOPHUS 111.1) 0.6S9 28.08 0.112 :n.99 4.119 183.80 5.550 
12301801 H"Rro lEPDHIS SPP. 0.05 0.000 0.09 0.001 • · 0.14 0.002 (") 

12308026 "I(ROPTEIUS PUNCTUlATUS lOl.9l 0.357 5.0' 0.163 1.41. 0 .. 235 109.44 0.755 ~ 12308021 "I(RDPTERUS SAlHOJOES 128.56 0.495 13.65 2.171 1S.65 4 .. 631 171.81 1.503 c::: 
12309029 POHDXIS INNULARIS 38.56 0.014 15.U. 0.665 U.13 2 .. 129 69.15 3.068 

~ 12309030 POMOXIS NIGRDHACULATU5 0.22 0.001 0 .. 10' 0.060 0.10 0.061 
12400802 UNIDENTIFIEO DARTER CNDT STUDSlfDIDN' 0.00 0.000 0.00 0.000 
12402000 fTHfOSTml. SP. 0.10 0.000 0.10 0.000 0 

12402012 fTH[OSTOMA CAERULEUM 0.10 0.000 • 0'.10 0.000 ~ 12402060 (TH[OSTDMI SPEClABllE 0.09 0.000 • • 0.09 0.000 
12403015 PUCA fUVESCfNS 11.93 o .31S • 11.93 0.315 
12404011 PERCINA CAPRODES 11.21 0.209 . . • .. 11.27 0.209 ~~ 12405097 ST.IOSTED1DN 'INIDENSE 0.55 o.on 0.39 o .01t9 0.11 0.192 1.11 0.213 
12501001 APLODINOTUS 'RUNNIENS 124.33 1.216 182.60 10.282 '6.99 lit .904 )93.91 26.403 (")~ 
12905002 lAI'DES1HES SICCUlUS 3".fIZ 0.041 • 34.62 0.0"7 0 

19000801 111.06 0.120 • 311.06 0.720 t,;j:-> 
V1 
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TOTAL NUNBtkiZ AND WEIGHT BY SIZE CLASS -- YEARLY AVERAGE

RESRV-7

SPECIES

10100000
10401003
10601003
10604007
11105012
11201000
11201002
11207030
11207031
11301002
11301009
123070 11
12308026
12308027
12309029
12405097
19000801

5CRARE VNGHUN YNGWT

PETRONYZONTIDAE
LEPISOSTEUS PLAIOSTOKUS
ALOSA CHRYSOCHLORIS
DOROSOPA CEPEDIANUM
CYPRINUS EARPIO
CARPIODES SP.
CARPIODES CYPRINUS
ICIIOBUS BUBALUS
ICIIGBUS CYPRINELLUS
ICIALURUS FURCATUS
ICIALURUS PUNCTATUS
LEPOMIS MACROCHIRUS
NICROPTERUS PUNCTULATUS
MICROPTERUS SALMOIDES
PONOXIS ANNULARIS
S7IZOSUEION CANADENSE

I .2346

2.4691

3:7037

16:0494
2.4691
3.7037

3:7037
0.0000

0.000000

0.050611

0.4 18519

0.063951
0.022222
0.041975

0:130864
0.000000

INkmUm

2:469
2.469

15:309
1.235

171:605

56:790

2.469
19.753

IN1I ADO UK

0:8259
0.0840

25:5148
0.2037

35:4173

1.1185

0:1160
1.0099

2:469

148 1468
32.099

4 :938

1 :235
3.704
2.469

12.346

2.1469
29.630

ADTNT

1 :5580

14 :7049

24.1654

1:4926

0.8432
1.7630
0.8099
0.7111

3 10r
3 .4901

1OTNUM

1.235
4.938
4.938

148.148
107.407

1.235
4.938

175.309
1.235
3.704
2.469

85.185
2.469
8.642

49.383
3.704
0.000

- ------------------ - -- - - --------- - -- RE SRV -7 YEARm49 ------------------ - - - --

TOTIT

0.0000
2.3840
0.1346

14.7049
49.6802

0.2037
1.4926

35.6356
0.8432
1.7630
0.8099 cý
1.9136
0.0222
3.2679 0
4.5000
0.1309
0.00000

I:-'

701WT 0

0.2557 w 1
6.9869 0 --

0.1230 0
15.7344 o
0.1131 t
0.0230 M

0.8961 r.
29.3574
0.7328
0.0016 N
0.0082 CD
0.0164
0.0016
0.0016
1.9082
0.0311
4.9246
4.2066
2.0279
0.0164

SPECIES

10401003
10604007
10801002
11105012
11125143
11129166
11201004
11207000
11301009
11303032
12201002
12307012
12307014
12307016
12307017
12307019
12308021
12309029
12501001
12905002

SCNANE

LLPISOSTEUS PLAIOSTONUS
OGROSOMA CEPEDIANUM
HIGDON 1ERGISUS
CYPRINUS CARPIO
NOTROPIS SPILOPTERUS
PINEPHALES NOIATUS
CAIPIODES VELIFER
ICTIOBUS SP.
ICTALURUS PUNCTAIUS
PYLODICTIS OLIVARIS
MORONE CHRYSOPS
LEPOMIS CULOSUS
LEPOHIS CYANELLUS
LEPORIS HUNILIS
LEPONIS MACROCHIRUS
LEPOMIS NEGALOTIS
HICROPTERUS SALMOIDES
PONOXIS ANNULARIS
APLODINOTUS GRUNNIENS
LAIIDESTHES SICCULUS

YNGNUN YNGWT

4.918
44.262

16:393
77.049
22.951

3:279
1.639
1.639

14.754
1.639
1.639

404.918
3.279

24.590

6.557
16 .393

0.255738
0.240984

0.667213
0.113115
0.022951

0:003279
0.001639
0.006197
0.016393
0.001639
0.001639
0.760656
0.004916
0.068852

0.068852
0.016393

INTNUN

1 :6393
24 5902

75:4098
8.1967

39.3443
1.6393

59.0164
32.7869
22.9506

INTWT ADTNUN

0.1230
7.9279

24.5344
0.3623

0 6-154
0.0262
3.2902
1.5279
1.5574

75:4098

13:1148

3.2787
8.1967
1.6393

8:1967

3.2787
24.5902

3.2787

ADTlT

6:74590

7:13934

0:89672
4.82295
0.36721

0:41213

1 .56557
2.67869
0.40164

TOTNUM

4.918
119.672

1.639
54.098
77.049
22.951
3.279

83.607
13.115

1.639
1.639

14.754
1.639
1.639

452.459
4.918

06.885
57.377
32.787
16.393

TOTAL NUMB~~~ AND WE.GHT IY ~IZE (USS -- YURLY AVERAGE 

---------------------------------~----. -------- .E~RV·l YEAR -41 -----------------------------------.--------

SPECIES SUAKE YN,HUM YNC;WI IKTHUM INTWT AOTNUM AOTWT lOTNUM TOlWT 

10100000 PE TROHYlONl lOaf 1.2346 0.000000 · · J .235 0.0000 
10401003 lEPISDSTEUS PlAlOSlOMUS 2.469 0.8259 2.469 1.5580 It.938 2.3840 
10601003 AlOSA (HRYSOCHlORIS Z.4"1 0.05061'1 2.469 0.0840 · 4 .938 0.1346 
10604001 DDROSOHA (lPlOIANUM • • • · 148.148 14.10lt9 1"8.148 14.7049 
11105012 tYPRINUS lARPIO 15.309 25.5148 32.099 24.1654 101.401 49.6802 
11201000 [UPloOES SP. .. 1.235 0.2031 . · 1.235 0.2031 
ll201002 (ARPloDES [YPRINUS · · · " .938 1.4926 4.938 1.4926 
11201030 IC110BUS BUBAlUS 3.1031 0.411519 111.605 35."113 . · 115.309 35.8]58 

0 11207031 1[110BUS CYPRINfllUS 1.235 0.8432 1.235 0.8432 

~ 1130100Z ICTAlURUS fURCAlUS 3.104 1.1630 3.104 1.1630 
11301009 ICTALURUS PUNCTATUS · · · 2.4e.9 0.8099 2.469 0.8099 
12301011 LEPDKIS "ACROCHIRUS 16.0494 0.013951 56.190 I.Jl85 12.346 0.1111 85.185 1.9136 1-3 
12308026 MICAoPlERUS PUNCTULATUS Z.4691 0.02~Z22 · · · 2.469 0.0222 ~ 
12308021 KICRoPTERUS SAl"DIOES 3.1031 0.041915 2.46' 0.1160 2.469 3.10~; 8.(,42 3.2619 0 12309029 PDMOXIS ANNULAR.S · · 19.753 1.0099 2'.630 3.4901 49.383 4.5000 

~ 12405091 Sl.,OSlEOION CANADENSE 3.1031 D.U0864 • 3.704 0.1309 
19000.01 0.0000 0.000000 0.000 0.0000 

--'--------------------------~---------------- If sa'-1 
~'3 

YfAR-It' --------------------------------------------------------- ~ ~ ot;>j 

SPECIES SCffAME YNGNUM YNC;WT .RlNUM INTWT ADTNUM AOlWT TOTNUM 101Wl 0 

~~ 
V1 

10401003 llPISOSlEUS PlAlOSTDMUS 4.911 0.255731 4.9111 0.2551 ~I 
10604001 OGRoSOMA CEPlDIANUM ~8e.Z6l 0.240984 15.4098 6.1~590 119.612 1>.9869 o.t:"" • ~ 10801002 H I DOOM Tf RG nus 1.63n 0.1230 1.639 0.1230 

~ 11105012 UP,INUS CUP 10 16.393 0.661213 24.5902 1.9219 13.1148 7.13934 54.098 15.1344 0 
11125143 NDTRDPIS SPllOPlERU$ 11.049 0.113115 17 .01t9 0.1131 ~ 

t;>j 
11129166 PIMEPHALES NOIATUS 22.951 0.022951 · . 22.951 0.0230 
11201004 CARPIDDES VllifER . 3.2787 0.89672 3.219 0.8967 ('1 

11207000 ItTlDBUS sr. · 15.4098 24.5344 1.1CJ61 4.82295 83.607 29.3574 ~ 11301009 (ClAlURUS PUNCTA1US 3.279 0.003219 8.1961 0.3623 1.6393 0.36121 13.115 0.7328 t-< 
11303032 PYlODICllS DlIVARIS 1.639 0.001639 1.639 0.0016 t;>j 

12201002 HDRoNI CHRYSOPS 1.639 0.008191 1.639 0.0082 Ul 

12301012 lEPDMIS GULDSUS 14.154 0.01n93 14.154 0.0164 
12301014 LEPoMIS CYANELlUS 1.639 0.001639 1.639 0.0016 
12307016 UPoMIS HUHlllS 1.639 0.00163' · · 1.639 0.0016 
12301011 lEPDKIS "ACROtHIRUS 404.911 0.160656 39.3443 0.6154 8.1961 0.41213 452.459 1.9082 
12301019 LEPOMIS HEGAlOllS 3.219 0.004918 1.6393 0.0262 · . 4.918 0.0311 
12308021 MI(RDPlERUS SALMO,DES 24.590 0.068852 59.0164 3.2902 3.2781 1.56551 86.885 4.9246 
12309029 POMoXIS ANNULAR IS 32.1869 1.5279 24.5902 2,!67869 57.377 4.2066 
12501001 APlOOINDIUS C;RUHNltIS 6.551 0.068852 22.950' 1.5574 3.2181 0.40164 32.181 2.0279 
12905002 LAII0ESTHES SICCUlUS 16.393 0.016393 16.393 0.0164 



TOTAL NUMBERS AND WEIGHT BY SIZE CLASS -- YEARLY AVERAGE

. .. ....................... -t SV.7 TEAR-SO ------------------

SPECIES SCNAME YNGNUM YNGWT ININUN INTNT ADTNUN ADTWI TOTNUM TOTWT

10102002 ICHTHYONYZON CASTANEUS 0.357 0.0032 0.357 0.0032
10401002 LEPISOSTEUS OSSEUS 0:882 0.00106 0:176 0.0302 1.058 0.0312
10601003 ALOSA CHRYSUCHLORIS 2.116 0.04074 4.881 0.3391 1:235 0.5014 8.232 0.8812
10604001 DOROSOMA CEPEDIANUM 52.4S4 0.77433 . . 619.917 56.9255 672.401 57.7002
10604008 OOROSCMA PETENENSE 751.925 2.78074. . 0.353 0.0097 758.278 2.7904
10801000 HIODON SP. . . 0.353 0.0265 . . 0.353 0.0265
10801002 HIODON TERGISUS. . 0.529 0.0616 . . 0.529 0.0616
11102003 CAMPOSIONA ANONALUN 0.000 0.00000 0.000 0.0000
11105012 CYPRINUS CARPID 8.344 0.04002 11.991 4.0324 11.116 6.4564 31.457 10.5288
11125073 NOIROPIS AIHERINOIOES 0.000 0.00000 0.000 0.0000
11129169 PINEPHALES VIGILAX 0.000 0.00000 . .. . 0.000 0.0000
11201000 CARPIODES SP .... 2.a80 1.4702 2.680 1.4702
11201002 CARPIODES CYPRINUS . . 2.482 1.0315 2.482 1.0315
11206028 HYPENTELIUN NIGRICANS 0:176 0:0284 0.176 0.0284
11207030 ICTIOUS EUBALUS 0:.82 0.08430 133.047 44.1975 25.518 14.8944 159.447 59.1762
11207031 ICIJOBUS CYPRINELLUS . •. . 0.714 0.5411 0.714 0.5411
11210000 NOXOSIONA SP. . . 1.235 0.2310 2.351 0.8570 3.585 1.0880
11301002 ICIALURUS FURCAIUS 0.353 0.3383 0.353 0.3383
11301009 ICIALURUS PUNCTATUS 31.929 0:37056 43.435 2:4516 17.581 4.3226 92.946 7.1446
11303032 PYLODICTIS OLIVARIS 0.768 0.00237 0.768 0.0024 N
12201002 HO8ONE CHRYSOPS 14.237 0.15449 1.584 0:0966 0:411 0.0776 16.232 0.3307 0
12307012 LEPOHIS GULOSUS 3.110 0.00516 0.768 0.0183 . . 3.877 0.0235 .
12307014 LEPONIS CYANFLLUS 0.894 0.03930 . 8.894 0.0393
12307016 LEPOMIS HUNILIS 9.589 0.02208 2.545 0:0214. 12.133 0.0435 0 &
12307017 LEPORIS MACROCHIRUS 367.789 0.80131 69.276 1.4264 19.229 1.1853 456.294 3.4130
12307019 LEPONIS NEGALOTIS 0.21: 0.031964 1.429 0.0229 . . 9.643 0.0625
12307020 LEPONIS NICROLOPHUS 0.176 0.0060 ° . 0.176 0.0060 0
12308024 MICROPTERUS DOLONIEUI 1.706 0.01179 1.786 0.0118
12308026 MICROPIERUS PUNCTULATUS 25.062 0.15702 2.911 0.0886 0:534 0.0683 28.506 0.3144
12308021 MICROPTERUS SALN0IDES 146.349 0.38133 19.607 O.O700 3.361 1.3047 169.318 2.4560
12309029 PONUJIS ANNULARIS 2.173 0.00629 1.764 0.0735 6.864 0.947? 10.800 1.0276
12309030 PONOXIS NIGROMACULATUS ,. 0.176 0.0074 0.234 0.0225 0.411 0.0299
12404077 PERCINA CAPRODES 0.176 0.00370 0.176 0.0037
12501001 APLODINOTUS GRUNNIENS 80.179 1.02992 44.185 2.3024 9.242 1.5119 133.606 4.8442
12905002 LABIOESTHES SICCULUS 0.000 0.00000 .... 0.000 0.0000
19000801 541.285 0.75S83 .... 541.285 0.7858

- ---------- --- RESRtV- YEARs.5

SPECIES SCNANE YNGNUM YNGNT INTNUM ININT ADTNUN ADTNT TOTNUN TOTUT

10601003 ALOSA CHRYSOCHLORIS 8.1967 0.53934 1.6393 0.57049 9.836 1.1098
10604007 DOROSOMA CEPEDIANUM 122:951 1:71639 75.4098 8.31415 198.361 10.0311
10604003 DOROSOMA PETENENSE 339.344 1.76721 . 339.344 1.1672
11100801 UNIDtNTIFIED SHINER 0.000 0.00000 1 0.000 0.9505
11105012 CYPRINUS CARPIO 1:6393 0:95246 1.639 0.9525
11129169 PINEPHALES VIGILAX 0.:00 0OOO " 0.000 O.0OOO
11207030 ICTIOBUS BUSALUS . . 16393 0.64590 6:5574 3.98033 8.197 4.6262
11210045 MOXOS1ONA ERYIHRURUN M . 1.6393 0.61639 1.639 0.6164
11301002 ICTALURUS FURCATUS . . 1.6393 0.66557 1.639 0.6656

TOTAL NUMBERS AND WEIGHT BY SIZE (lASS -- 'EARLY AYERAGE 

-------------~------------.-.------------------------- RISa'-7 YEAR-50 ---------------------------------------------------------
SPECIES SnAKE 'N(jNUM YilCalT INTNUM INTWI AOTNUK AonT TOTNUK TOTWT 

10102002 I(HTHYOKYlON CASTANEUS · • · · 0.357 0.0032 0.357 0.0032 
10401002 LEPISOSTEUS OSSEUS 0.81l . 0.00106 0.176 0.0302 . · 1.058 0.0312 
10601003 ALOSA (HRYSO(HLORIS Z.U6 0.04014 4.881 0.3391 1.235 0.5014 8.232 0.8812 
10604001 OOROSOMA (EPEDlaNUM 52."84 0.11433 • • 619.917 56.9251 612.401 51.1002 
10604008 OOROSOMA PETEHENSE 151.925 2.11014 0.353 0.0091 '158.211 2.190" 
10801000 HIODON SP. 0.353 0.OU5 • 0.353 0.0265 
10801002 HIOOON TERGISUS · · 0.529 0.0616 0.529 0.0616 
11102003 (AMPOSlOMA ANOMAlUK 0.000 0.00000 · · . · 0.000 0.0000 0 
11105012 CYPRINUS CARP 10 1.344 0.0"002 11.991 4.0324 11.116 6.4564 31.457 10.5288 ~ 11125073 NOTROPIS ATHERINOIDfS 0.000 0.00000 0.000 0.0000 
11129169 PIH[PHAlES VIGllAX 0.000 0.00000 0.000 0.0000 ~ 11201000 CARPIODES SP. 2.180 1.4102 2.880 1.4702 
11201002 CARPIODES (YPRINUS · · 2.482 1.0315 2.482 1.0315 
11206028 HYPENTEllUK NIGRICANS • · 0.116 0.0284 · 0.116 0.0284 0 
11207030 ICTIDBUS BU8AlUS 0.882 0.01"30 133.041 "4.1975 25.518 14.8944 159.447 59.1162 ~ 11201031 ICTIDBUS CYPRINEllUS · 0.114 0.5"11 0.114 0.5411 
11210000 MOXOSTOHA SP. 1.235 0.2310 2.351 0.8510 3.585 1.0880 ~ 
11301002 ICTalURUS FURcaTUS · · · 0.353 0.3383 0.353 0.3383 ~~ 11301009 ICTAlURUS PUNCTA IUS :JJ.929 0.31056 t\3."35 2.4516 17.581 4.3226 92.946 1.H48 
11303032 PYlODI(TIS OllYARIS 0.168 0.00231 · 0.168 0.0024 t"1 

otrj 12201002 MUIIUNE CHRYSOPS 14.231 0.15449 1.584 0.0986 0.411 0.0116 16.232 0.]301 
~~ 123070)2 LE POM IS C;UlOSU S 3.110 0.00516 0';'168 0.0183 3.817 0.0235 

12301014 LEPOMIS CYANELlUS 1.894 0.03930 8.89" 0.0393 VI 
12307016 LE POM IS HUH III S 9.589 0.02208 2.545 0.0214 12.133 0.0435 !:til 

OVI 
12301017 L£POMIS "ACROCHIRUS 361.189 0.80131 69.21t. 1.4264 19.229 1.1853 456.294 3.4130 ~ 12301019 LEPOMas HE'AlOTIS •• 21: 0.0:1964 1.429 0.0229 9.643 0.0625 
12307020 lEPOMIS MICRDlUPHUS 0.176 0.0060 0.176 0.0060 0 

12308024 MICROPTERUS DOlOMIEUI 1.186 0.01119 1.786 0.0118 ~ 
12308026 MICROPTERUS PUNCTUlAIUS 25.062 0.15102 2.911 0.0886 0.53" 0.0688 28.506 0.1144 en 
12308021 MICROPIERUS SALMUIOES 146.149 0.]8133 19.607 0.7700 J.361 1.3047 169.318 2.4560 ~ 12309029 PDHO~IS ANNULAR IS 2.173 0.00629 1.164 0.0135 6.864 0.'''77 10.800 1.0216 
12309030 POHOXIS NI'ROMACUlATUS · · 0.116 o.oon 0.234 0.0225 0.411 0.0299 t"1 

t<j 
12404011 PERelNA UPRODES 0.176 O.OOllO O.ln 0.0037 en 
12501001 APlODINOTUS 'RUN.IENS 80.119 1.02992 "4.185 2.302" 9.242 1.5119 1]3.606 4.8442 
12905002 lA81DESTHES SlceULUS 0.000 0.00000 • 0.000 0.0000 
19000101 541.185 0.71583 541.215 0.715' 

--------------------------.-.-•• ------------~-----.---- RISIV-l YUR-51 ----~---------------------... 
SPECIES SCHAMf ,..UUM 'NUT lNTNUK INTn AOTNUM 10ntT TOTNUM TO TIlT 

10601003 AlOSA CHR1S0CHlORIS · · 1.1961 0.539)4 1.6393 0.510"9 9.836 1.1098 
10604001 OOROSOHA CEPEDIANUH 122.951 1.11639 15.Ie U8 8.31415 U8.361 10.0311 
106040011 DDROSOKA PET[NENSE 339.144 1.1Ull . • 339.341t 1.1612 
11100801 UNI01NTIFIED SHINER 0.000 0.00000 . . 0.000 0.0000 
11105012 CYPRINUS (ARP 10 · · 1.6393 0.95246 1.639 0.9525 
11129169 PIMEPHAlES VIGlllX 0.000 O.CDOOO . 0.000 0.0000 
11201030 ICTIOBUS 8UBALUS 1.6393 0."590 6.5574 3.980)) 8.191 4.6262 
11210045 "DIDSTOKA flYtHRUlUK • 1.6393 0.61639 1.639 0.61610 
U301002 lellLuaus fUICATUS 1.63" 0.66557 1.639 0.6656 



TOTAL NUMBERS AND WEIGHT BY SIZE CLASS -- YEARLY AVERAGE

- -- - -- --- -- --- --- -- ---- --- --- -- -- t[R!5 V07 YEAR-51 -----------------

SPECIES SCNAME YNGNUK TNGWT ININUM INill ADTNUM ADTWI T7INUK T10Wl

11301009
11303032
12201002
12307012
12307014
12307016
12307017
12307019
12308027
12309029
12405097
12501001
19000801

ICTALURUS PUNCTATUS
PYLUDICTIS OLIVARIS
MORONE CHRYSOPS
LEPORIS GULOSUS
LEPOMIS CYANELLUS
LEPOMIS HUNILIS
LEPOHIS MACROCHIMUS
LEPOMIS NEGALOTS
NICROPTERUS SALROIDES
POONIlS ANNULARIS
STIZOSTEDION (ANADENSE
APLODINOTUS GRUNNIENS

1 .639
1.639

27.069
1 .639
3.279
0.197

285.246

6.557
1.639
1 .639

40.984
468.525

0.013115
0.001639
0.385246
0.001639
0.00197
0.022951
0.716393

0:013770
0.006557
0.000000
0.511475
0.511475

39.3443

8.1967

1:6393

2.40364

0682295

0.06066
n Tfifnnn

13-1148

18:0328

a.o 1f

4.45410

3"327876

54.098
1.639

54.098
1.639
4.918
8.197~1t .14*

6.86885
0.00164
4.53607
0.00164
0.06885
0.02295
I .99816

.. .... -RESRVs7

SPEC IES SCNAME

10601003
10604007

,10604006
10801002
11105012
11201000
11207030
11301002
11301009
11303032
12201002
12307012
12307014
12307017
12307019
12307020
12308026
12308027
12309029
12309030
12501001
19000601

ALOSA CHRYSOCHLORIS
DOROSOMA CEPEDIANUN
DOROSOMA PETENENSE
HIODON TFRGISUS
CYPRINUS CARPIC
LARPIUDES SP.
ICTIOaUS 8UBALUS
ICTALURUS FURCATUS
ICTALURUS PUNCTATUS
PYLODICTIS OLI VARIS
MORONE CHRYSOPS
LEPOMIS GULOSUS
LEPOHIS CYANELLUS
LEPONIS MACROCHIRUS
LEPONIS MEGALOTIS
LEPONIS MICROLOPHUS
MICROPIERUS PUNCTULATUS
MICROPTERUS SALMOIDES
PONOXIS ANNULARIS
PONOXIS NiGROMACULATUS
APLODINOTUS GRUNNIENS

YNGNUN

211564
275.846

0.546

YNGWT

0:29746
0.96732
0.01803

1.6393 0.10656 1.639 0.10656
40:9836 2:14918 1.6393 0.30656 49.180 2.52951

1.6393 0.09180 1.6393 0.14754 4.918 0.24590
1.639 0.000o 0

24:5902 1.29016 4.9180 0.75246 70.492 2.55410
488.525 0.51148

YEAR"52 ---------- - - ---- -- ----.. .".. .

INTNUM INTWT ADTNUN A7UTV TOTNUN TOTWT 0,.j .

2.2131 0.183669 7.678 4.6977 9.891 4.8814 0
103.835 12.3677 125.400 12.6652 0

1.667 0.0458 277.513 1.0132
* . . .0.546 0.0180 I

1.626 1:7813 1.626 1.7813 00%
0.546 0.3120 0.546 0.3120 tM
2.186 1.3158 2.186 1.3158 t4

. . 0.546 0.1880 0.546 0.1880 L4
1.093 0.1661 2.386 0.1721 -

0.5464 0.119126 . . 4.611 0.1321 C
2.1858 0.156831 . . 11.475 0.31532.4390 0-052033 .. 15.447 0.0846 t-4

4.898 0.0228
2.a423c P.05A2,03 3 77, a , ,7n .. m1.4i7 1.046 Woa

1:093 0.00601
4.065 0.01301
9.290 0.15847

13.008 0.03252
4.89f 0.02280

339.344 0.80883
43.150 0.17252
19.9c6 0.10224
43.764 0.31132
11.449 0.07272
3.825 0.01257
0.813 0.00407
4.372 0.06885

610.444 1.01083

3.2724
1.0929
9.5162

13.3553

1.0929

0.066179
0.019672
0.220232
0.478268

0.062842

46.423
3.252 0:2894 24.251
0.546 0.0705 53.827
8.943 2.3163 33.748

3.625
0.813

2.452 0:3874 7.917
0 610.444

0.2387
0.4113
0.6080
2.8673
0.0126
0.0041
0.5191
1.0108

TOTAL NUMBERS AND WEIGHI BY SIZE CLASS -- YEARLY AVERAeE 

----------------------------•• -------------------------. R(SRW-} Y fAR-51 ---------------------------------------------------------
SPEC IES SClA"E YHeliUM YNGWl INUIUM 1 Hili 1 ADTNUM ADTWT IDtNUM TOHfT 

11301009 IC1AlURUS PUNCIATUS 1.639 0.013115 39.3ltlt3 2.~OJ64 ·13.Jl48 4.45410 54.098 6.86885 
11303011 PYlDDICllS OllVARIS 1.639 .0.001639 · · . . 1.639 0.0016~ 
12201002 MDRONE CHRYSOPS 27.'69 0.38S246 8.1961 0.82295 18.0328 3.32181 54.098 4.!i3601 
12301012 LEPIlMIS ,ULOSUS 1.639 0.001639 · · 1.6]9 0.00164 
1230101411 LEPoMas CYANEllUS 3.219 0.001197 I.un 0.06066 4.918 0.06885 
12307016 UPO"IS HUMILIS '.197 0.022951 . . 8.191 0.02295 
12301011 LEPOMIS "ACROCHIRUS 285.246 0.11639] 40.9836 0.10000 4.9180 0.28197 331.148 1.69836 
12307019 lEPOMIS "E'AlOlIS 1.6393 0.10656 1.639 0.10656 (") • . · 0 
12308021 KICROPTERUS SAlMOIOlS 6.557 0.013170 40.9836 2.14918 1.6393 0.30656 49.180 2.52951 ~ 12309029 POMDXIS AN_UlARIS 1.639 0.006551 1.6393 0.09180 1.6393 0.14154 4.918 0.2~590 

~ 12405091 STIZOSTEDIDN CANADENSE •• 639 0.000000 · · 1.639 0.00000 
12501001 APlODINOTUS ,RUNNIENS 40.984 0.511415 24.5902 1.29016 4.9180 0.752'-6 10.492 2.5srt10 
19000801 418.525 0.511415 488.525 0.51148 

~ 
~--------------------~-----.-----.----.------------- IESIV.J YUR-52 ---.-----------------------------------------~------.---- ~ 

8 
SPEC IES SCHAME YNGNUM YNUT INTNUM IHllll ADTHUM A01llT loTNUM TDHn ~ ~. 
1060100) ALOS. (HRYSOCHlORIS · 2.2131 0.113689 7.678 4.6911 9.891 4.8814 (") t>:;j. 

0 10604007 DOROSO"A CEPEDIANUM ll.564 0.29746 103.835 12.3611 125.400 12.6652 ~~ 10604001 DOROSO"A PElENENSE 215.846 0.96732 J .667 0.0458 217.513 1.0132 V1 
10801002 HIODON HRGISUS 0.546 0.01103 · o .51t6 0.0180 ::01 
1110S012 CYPRINUS (AIPIO • 1.626 1.1813 J.626 1.7813 00\ 

11201000 tUPIODES SP. 0.5"6 0.3120 0.S"6 0.3120 ~ 
11207030 It TlOISUS IUBAlUS 2.186 1.3158 2.186 1.3158 2: • 0 
11301002 JCtAlURUS FURCAlUS · . o .5le6 0.1880 0.546 0.1880 2: 
11301009 ICT.lURUS PUNCTAlUS 1.093 0.00601 1.093 0 •• 661 2.186 0.1121 t>:;j · 11303032 PYlODICTIS OllVARIS 4.065 0.01]0. 0.5464 0.119126 4.611 0.1321 m 
12201002 MDRONE CHRYSOPS 9.290 0.158"1 2.1858 0.156831 11.475 0.3153 ~ 12301012 lEPOM IS C,UlOSUS 13.008 0.03252 2.4390 0,.052033 15.447 0.0846 t-t 
12307014 LEPDMIS (YAHEllUS 4.89, 0.02280 · · . · 4.898 0.0228 t>:;j 

12301011 lEPDKIS "'CIOtHIRUS 339.344 0.80881 18.8205 0.336,.16 5.718 0.4110 363.882 1.6163 ro 
12307019 lEPOMIS MEGAlOllS 43.150 0.17252 3.2724 0.066119 "6.423 0.2387 
12301020 l(POMIS MICROlOPHUS 19.9(;6 0.10224 1.0929 0.019612 3.252 0.2894 24.25J o .un 
12301026 "I(ROPlERUS PUNClULATUS 43.164 0.31132 9.5162 0.2202:n 0.51t6 0.0105 53.821 0.6080 
12308021 MICRDPTERUS SAlMOIDES 11.449 0.01212 13.3553 0.418268 8.9,.3 2.]163 33.148 2.8613 
12309029 POMOXIS ANNULARIS 3.825 0.01257 3.825 0.0126 
12309030 POMOX15 Ni'ROMACULATU5 0.813 0.00407 · · . · 0.813 0.0041 
12501001 APlDDINOTUS GRUNNIENS 4 .. 312 0.06185 1.0929 0.062842 2.452 0.3814 7.917 0.5191 
19000101 610.444 1.01083 • 610.4lt4 1.0108 



TOTAL NUMBERS AND WEIGHT BY SIZE CLASS -- YEARLY AVERAGE

................ ....---------- RESRVn7 YEAR"54 ------ - ----------- -------- - - - ------ - - ---------- -

SPECIES SCRAPE

10601003
10604007
10604008
10801002
11103005
11105012
11201000
11206028
11207030
11210000
11210035
11301002
11301009
11303032
12201002
12307012
12307014
12307017
12307019
12307020
12306024
12300026
12308027
12309029
12309030
12404077
12405097
12501001
12905002
19000801

ALOSA CHRYSOCHLORIS
DOROSUMA CEPEDIANUM
DOROSOMA PETENENSE
HIGDON TERGISUS
CARASSIUS AURATUS
CYPRINUS CARPIU
CARPIODE5 SP.
HYPENTELIUM NIGRICANS
ICTIODUS BUDALUS
MOXOSTOMA SP.
POXOSTOMA ANISURUM
ICTALURUS rURCATUS
ICTALURUS PUNETATUS
PYLUDICTIS OLIVARIS
MORONE CHRYSOPS
LEPOMIS GULOSUS
LEPOMIS CYANELLUS
LEPOMIS NACROCHIRUS
LEPOM1i MEGALOTIS
LEPOMIS MICROLOPHUS
miCROPTERUS DOLOMIEUI
MICROPTERUS PUNCTULATUS
MICROPTERUS SALMOIDES
PUMOXIS ANNULARIS
POMOXIS NIGROUACULATUS
PERCINA CAPRODES
STIZOSTEDION CANADENSE
APLODINOTUS GRUNNIENS
LABIDESTHES SICCULUS

YNGNUM

4.94
1.23

3319.14

0.00

6.79
47.53

0.62
12.3S
11.73

782:72
116.67

0:62
154.94
22.84

0.62

0:00

215:93
0.00

425o31

YNGWT INTNUN INTUT

0.0735
0.0160

17.0046

0:0000

0:1068
0.2216
0.0130
0.1383
0.0272

1:7593
0.4414

0:0074
0.9506
0.1543
0.0025

0:0300

2:0915
000000
1.3599

31.481

0 617

0:617
0.617

100 :000
56.790
1.852
0.617
1 .235
1.235

129.012
37.037

24.074
11.728
6.173
0.617

1 :235
83.951

3.16296

0 11296

0:09938
0.24321

8:16481
3.46852
0.30988
0.06173
0.01852
0.02469
2.90864
0.73951

1.16235
0.77840
0.20988
0.04012

0:15370
4.20617

AOTNUM

1.235
485.185
57.407

4.321
10.494

67:901
1.235
2.469
2.469

16.667
1.952

0:617

36.420

4:321

0.:617
3.086
1.852

3:086
60.494

ADTWT

0.3698
82.1986
2.2840

3.4710
6.4753

53:5457
0.5265
2.1117
0.3802
4.8691
0.9821

0 :0438

2.5006

0:3846

0 :0796
0.5772
0.2358

0:7469
10.6599

TOTNUN

37.65
486.42

3376.54
0.62
0.00
4.32

10.49
0.62

68.52
1.23
2.47

109.26
120.99

4.32
12.96
13.58
1.23

948.15
153.70

4.32
0.62

179.63
37.65

8.64
0.62
0.00
4.32

420.37
0.00

425.31

TOTWT

3.6062
62.2148
19.3685
0.1130
0.0000
3.4710
6.4753
0.0994

53.7089
0.5265
2.1117
8.6519
8.5593
1.3049
0.2000
0.0895
0.0247
7.1685
1.1809
0.3846
0.0074
2.1926
1.5099
0.4481
0.0401
0.0000
0.9006

16.9636
0.0000
1.3599

'

0

0

01-3

N

o-2

0•

- ------------------------------ -ERV -E5 -------------- ERuYA85

SPECIES SCNAME

10601003
10604007
10604008
10801002
11105012
11206028
11207030
11207032
11210044
11210045
11301002
11301009
11303032
12201002
12307017

ALOSA CHRYSOCHLORIS
OOROSOMA CEPEDIANUN
DOROSUMA PEtENENSE
HIODON TERGISUS
CYPRINUS CARPIO
HYPENTELIUM NIGRICANS
ICTIOBUS BUBALUS
ICTIDBUS NIGER
MOXOSTOMA DUQUESNEI
MOXOSTOMA ERYTHRURUM
ICTALURUS FURCATUS
ICTALURUS PUNCTATUS
PYLODICTIS OLIVARIS
PORONE CHRYSOPS
LEPORIS NACROCHIRUS

TNGNUM

1.80
28.83

4.357.66

0.0369
0.4333

13.8811

12.613 1.1045 18.018
729.730
59.459

YNGVT INTNUM INTVT ADTNUM

o:90 0:0081
0.901

2.703

469:647

36.937
129 .730

0.1649

0.4306

3:3009

2:9207
2.7405

11.712

99:099
0.901
1.802

22.523
0.901

37.638
4.505

11.712
27.027

ADLWT

6.635
107.668

1.643

7.695

80:732
1.517
0.666
7.371
0.566
9.162
1.616
2.761
1 .759

TOTNUN

32.43
756.56

4417.12
0.90

11.71
0.90

99.10
0.90
1.80

25.23
0.90

106.31
4.50

76.58
647.75

TOTMT

7.777
108.101
15.524
0.165
7.685
0.008

80.732
1.517
0.666
7.002
0.566

12.761
1.816
6.235
5.062

21.62

27:93
490.99

.0:2982

•0:5532
1.3631

totAL NUMBEIS AUD Wfl(,Hl BY SIIE (lASS -- YEARLY AYERA(,E 

------------------------------------------------------- IrS.V-1 YEAR-54 ---------------------------------------------------------
SPECIES S(U"f YN'NUM Y",," INTNUM INTWT ADiNU" ADnT TOTNUM TOTWT 

10601003 AlOSA CHRYSDCHLORIS 4.94 0.0135 31.481 3.16296 1.235 0.3698 31.65 3.6062 
10604001 DOROSONA CEPEoIANU" 1.23 0.0160 485.185 82.1988 It 86 .42 82.2148 
10604008 OOROSONA P(TENENSE 3319.14 11.0846 · · 51.lt07 2.2840 J376.54 19.3685 
10801002 HIODON TER(,ISUS · · 0.611 0.11296 0.62 0.1130 
11103005 CARASSIUS AURATUS 0.00 0.0000 · · 0.00 0.0000 
11105012 ClPUNUS caRPIO I, .321 3.4110 4.32 3.4710 
11201000 CAIIPIDOES SP. • · · 10.494 6.4153 10.49 6.4753 
11206028 HYPENTELIUH HI'RICANS 0.611 0.09938 0.62 0.0994 n 
11201030 .CTI08US 8UBALUS • • 0.611 0.24321 67 .901 53.5451 68.52 53.H89 ~ 11210000 MOXOSlD"A SP. 1.235 0.5265 1.23 0.5265 
11210035 MOXOSTOMA ANISURU" · · · · 2.469 2.1111 2.41 2.J117 S 
11301002 ItTALURUS rURCAJUS 6.79 0.1061 100.000 8.16481 2.469 0.3802 109.26 8.b519 f;l 
11301009 ItTALURUS PUNCTATUS 47.53 0.2216 56.190 3.46852 16.661 4.8691 120.99 8.5593 
1130]032 PYLUD'CTIS OLIVARIS 0.62 0.0130 1.852 0.]0988 1.852 0.9821 4.32 1.3049 0 c::: 
12201002 MORONE CHRYSOPS 12.35 0.1383 0.611 0.06113 12.96 0.2000 ~ 12301012 LE PO" IS (,ULOSUS 11.13 0.0212 1.235 0.01852 0.611 0.0438 13.58 0.0895 
12307014 LEPD"IS CYANELLUS · l.ll5 0.02469 1.23 0.0247 1-3 

1-3 
12307011 LE.PO"IS "ACROCHIRUS 782.72 1.1593 129.012 2.90864 36.420 2.5006 94B.15 7.1685 ~6; 12301019 LfPDMIS Mf'ALOTIS 116.61 0.""14 31.031 0.13951 · 15].70 1.1809 

n~ 12301020 LEPDMIS MICROLOPHUS · · ".321 0.3846 ".32 0.3846 
12]0802" MICROPTEIIUS DOLO"lfUI 0.62 0.0014 0.62 0.0014 0 · · ~~ 12308016 MICROPTERUS PUNCTULATUS 154.91t 0.9506 24.074 1.16235 0.611 0.0196 179.63 l.1926 V1 
12308021 "ICROPTfRUS SALHOIOES 22.84 0.1543 11.728 0.71840 3.086 0.5712 31.65 1.5099 ~I 

12309019 PUHOXIS AHNULARIS 0.62 0.0025 6.113 0.20988 1.852 0.2358 8.64 0.4481 O~ 
t-3 

12309030 POHOXIS NI(,ROHACULA1US · · 0.611 o.oleon 0.62 0.0401 M 
12404011 PfRCINA (APROofS 0.00 0.0'00 0.00 0.0000 2: · · · · 0 
12"05091 STIIOSTEDION CANADENSE · · 1.235 0.15310 3.086 0.1469 4.32 0.9006 2: 
12501001 APLODIN01US GRUNNIENS 215.93 2.0915 13.951 4.20611 60.494 10.6599 420.31 16.9636 M'" 

12905002 lA81DfSTHfS SICCULUS 0.00 0.0000 0.00 0.0000 en 
19000801 "25.31 1.3599 425.31 1.3599 ~ 

t-i 
M 

-~---------------------------------------------------- RESRI-l YEAR-55 ----------------------------."----------------- en 

SPEC IE S SCN."f 'N'NOH Y"UT INTNU" INlIIT AOTNU" ADTNT TOTNUM TOTIIT 

10601003 ALOSA (HRYSOCHLORIS 1.80 0.0369 J2 .613 1.1045 18 .018 6.635 31.43 7.177 
10604001 DOROSO"A (EPEDIANUH 28.83 0.4333 129.130 101.668 158.56 108.101 
10604008 DOROSO"A PfTENENSE It351.66 13.1111 · · 59.459 1.643 4411.12 15.524 
10801002 HIODON lER(,ISUS • o .'J01 0.1649 0.90 0.165 
11105012 C"IINUS CARPIO · · 11.112 7.685 ".11 1.685 
11206028 HYPENlfLIUH NIGRleANS 0.90 0.0011 · . 0.90 0.008 
112070]0 IC1108US 8UBALUS • 99.099 80.132 99.10 aO.732 
11201032 ICTlOBUS NIUR 0.901 1.511 0.90 1.517 
11210044 MOXOS10MA DUQUESNfl • · 1.802 0.666 1.80 0.666 
11210045 HO.OS10"A ERYTHRURUH 2.103 0.4306 22.523 7.311 25.23 1.802 
11301002 ICT.LURUS FURCATUS · • 0.901 0.566 0.90 0.566 
11301009 ICTALuaus PUNCTA1US 21.62 .0.2782 "6.1141 3.3009 37.838 9.162 106.31 1Z.761 
11303032 PYLDDICTIS OlIVA.IS · · · · 4.505 1.816 4.50 1.816 
12201002 HORONE CHRYSOPS 21.93 0.5532 36.931 2.9207 11.112 2.161 16.58 6.235 
12301011 lEPOKIS "ACROCHIRUS "'0.99 I.J611 129.730 2.1405 27.021 1.759 647.1S 5.862 



TOTAL NUNBE£t AND WEIGHT BY SIZE CLASS -- YEARLY AVERAGE

- --------- ---------- ------- RESRV=7 YEARS5 ---------------- --------- - ---- ------- --

SPECIES SCNAKE YI4GNUK YNGIIT INTNUM INTWT AOTNUM ADTWT TOTNUM TOTWT

12307020 LEPONIS MICROLOPHUS 2.703 0-01532 11.712 0.3656 29.7297 1.8514 44.144 2.2523
12308026 NICROPTERUS PUNCTULATUS 136.937 0.93333 36.036 1.0360 0.9009 0.1162 173.874 2.0656
12306027 HICROP7ERUS SALMOIDES 68.46S 0-51532 55.856 2.6318 11.7117 7.5517 136.036 10.1108
12501001 APLODINOTUS GRUNNIENS 43.243 0.69459 281.982 16.1613 95.4955 15.3333 420.721. 32.1892
19000801 931.838 1.61658 .... 937.838 1.6766

------------------------------- RESRV.T YEARuf6 - ----- -

SPECIES SCNAME YNVNUM YNGNT

10601003
10604007
10604008
10801002
11100801
11103005
11105012
11129000
11201000
11207030
11210039
11210044
11210045

11301009
11303032
11506000
12201002
12307012
12307014
12307016
12307017
12307020
12308026
12308021
12309029
12309030
12404071
12405097
12501001
12905002
19000801

ALOSA CHRYSOCHLORIS
DOROSOMA CEPEDIANUM
DOROSOMA PETENENSE
HIODON TERGISUS
UNIDENTIFIED SHINER
CARASSIUS AURATUS
CYPRINUS CAIPID
PIKEPHALES SP.
CARPIDDES SP.
ICTI7BUS DUOALUS

ROXOSTONA CARINATUN
NOXOS7OMA DUQUESNEI
HUXOKlI0MA ERYIHRURUN
ILIALURUS FURCATUS
IC7ALURUS PUNCTATUS
PYLODICTIS OLIVARIS
FUNDULUS SP.
MORONE CHRYSOPS
LEPOMIS GULOSUS
LEPORIS CYANELLUS
LEPOHIS HUMILIS
LEPUMIS MACROCHIRUS
LEPOMIS MICROLOPHUS
NICROPTERUS PUNCTULATUS
NICROPTERUS SALMOIDES
POMOXIS ANNULARIS
POHOXIS NIGRONACULATUS
PERCINA CAPRODES
SIIZOSTEDION CANADENSE
APLODINOTUS GRUNNIENS
LABIDESTHES SICCULUS

2.34
76.58

3265.75

0.00

0:00

0.04299
1.16348
8.84267

0.00000

0.00000

INTNUN

57.943

1 :657

INTIIT AMIUR

4.6503

0:3605

13.778
540.161

12 .346

ADTUT

4.5287
74.0906
0 .6568

0.28 0:00635

05s52 0.0497

1.852 0:3759

15:112 1:021215.92
0.62
0.00

22.19
1.51
1.10

131:30
1.17

59.03
52.21
67.28
0.62
0.00
2.83

60.00
0.00

504.43

0.16Z16
0.00247
0.00000
0.65182
0.00302
0.00635

0.46697
0.00846
0.51811
0.49111
0.29259
0.00309
0.00000
0.18998
0.82049
0.00000
0.39244

0.276 0.3525
1.722 1.5912

36:594

0.829
0.552

99.379
3.867

40.673
42.166
30.864

5s 102
168.969

2:7260

0.0166
0.0047
1.7888
0.1323
0.9442
1.5707
0.3883

0:5456
10.0137

1.170
15.940
0.276
0.276
3.315
0.276
4.468
0.276

5.249

0.829
16.247
10.010
2.486
5.378
1.235

6:173
160.368

0:6384
13.9905
0.2674
0.1489
1.3790
0.0657
1.4886
0.0776

1:5544

0.0149
1.3684
0.7345
0.7746
1.8547
0.1802

1 :7037
26.7625

TOINUN

74.06
616.74

3278.10
1.66
0.00
0.83
1.72
0.00
3.02

15.94
0.28
0.28
3.59
0.28

35.50
0.89
0.00

64.04
1.51
1.93
1.38

246.93
15.05

102.19
99.75
99.38
0.62
0.00

14.10
389.34

0.00
504.43

TOTWT

9.2220
75.2541
9.4995
0.3605
0.0000
0.4022
1.5972
0.0000
1.0143

13.9905
0.2674
0.1489
1.3054
0.0657
2.6719
0.0801
0 .0000
4.9322
0.0030
0.0229
0.0196
3.6242
0.8753
2.2369
3.9165
0.8611
0.0031
0.0000
2.4393

37.5967
0.0000
0.3924

0

0

0

o co

N
0

ri)

TOTAL NU"8E~' ~ND ~EI'HT 8Y SllE CLASS -- YEARLY AVERAGE 

-----------.-------------------------------------------- R~SRV·l YEAR-55 ----------------------"--------------------------
SPEC IES SCHAKE '.GHUK YNCall INTNun INTIIT ADTNUM ADTII' TOTNUK TOTIIT 

12301020 lEPD"IS M'CROLDPHUS l.lO) 0.01532 1l.1U 0.3856 29.7291 1.8514 44.144 2.2523 
12308026 KI(ROPTERUS PUNCTULA'US 136.931 0.93333 3b .036 1.0360 0.9009 0.1162 113 .874 2.0856 
12308021 "ICROPTERUS SALKOIDES 68.468 0.51532 55.856 2.6318 11.1111 7.5511 136.036 10.1108 
12501001 APlODINOTUS 'RUNNIENS 43.243 0.69459 281.982 16.1613 95.4955 15.3333 1020.1Z1 32.1892 
19000801 9ll.838 1.61658 931.838 1.6766 

-------------------------------------------------------- RESRV-l YEAR-56 ---------------------------------------------------------
(") 
0 

SPECIES stNAME IN'NUM 'NGIn I"'NUH IUIIl ADTNU" AD"" TDINUK TOTIIT ~ 
~ 

10601003 ALDSA CHRYSOCHLORIS 2.34 0.04299 51.94) 4.6503 11.778 4.5281 14.06 9.2220 ~ 
10604001 DOROSOMA (EPEDIANUM 16.5' 1.16348 540.161 110.0906 616.14 15.2541 0 10604008 DOROSOKA PETENENSE 3265.75 8.84261 · · 12.346 0.6568 3218.10 9.4995 c: 
10801002 HIDOON TERIiISUS . 1.651 0.3605 1.66 0.3605 ~ 11100801 UNIDENTIFIED SHINER 0.00 0.00000 · · 0.00 0.0000 c: 
11103005 CARASSIUS AURATUS • 0.552 0.0491 0.216 0.3525 0.83 0.4022 1-3 
1110501l CYPRINUS CARPIO 1.122 1.5912 J .12 1.5912 O~ , 1129000 P lKEPHAlfS SP. 0.00 0.00000 0.00 0.0000 '"%jt;-< 

11201000 (ARPIODES SP. J .852 0.3159 1.170 0.6384 3.02 1.0143 nt<j 

11201030 ICTI08US BUBALUS 15.940 13.9905 15.91t 13.9905 0 

11210039 HO.OS10MA (ARINATUM 0.276 0.2674 0.28 0.2674 [;j~ 
\Jl 11210044 MO.OS10"A DUQUESNE. . 0.216 0.1489 0.28 0.1489 t:U1 

11210045 HO.OJID"A IRY1HRURUM 0.28 0.00635 3.315 1.3790 3.59 1.3854 OCP 
1-3 

•• ~U 100" JllAlURUS fURCATUS · 0.276 0.0657 0.28 0.0651 t<j 

11301009 ICTALURUS PUNCTATUS 15.92 0.16216 15.112 1.0212 4.468 1.10 886 35.50 2.6719 2l 
0 

11303032 PYlUDIC1IS OllVARIS 0.62 0.00241 " . 0.276 0.0776 0.89 0.0801 2l 
t<j 

11506000 FUNDULUS SP. 0.00 0.00000 · · · · 0.00 0.0000 
1220J002 MORUNE CHRYSOPS 12.19 0.65182 36.594 2.7260 5.249 "1.5544 64.04 4.9322 Ul 

12301012 LEPOMIS IiUlOSUS 1.51 0.00302 · · 1.51 0.0030 ~ 12307014 LEPOKIS CYANELLUS 1.10 0.00635 0.829 0.0166 · 1.93 0.022 9 t-< 12307016 lE PO" IS HUH III S 0.552 0.0041 0.829 0.0149 1.38 0.0196 t<j 

12301011 LEPUHIS HACRDlHIRUS 131.30 0.4U91 99.379 1.7888 16 .l41 1.3684 2106.93 3.624l en 
12307020 LEPOHIS HICROLOPHUS 1.11 0.00846 3.861 0.1323 JO.OI0 0.1345 15.05 0.8153 
12308026 "ICAOPTERUS PUNCTULATUS 59.03 0.51811 40.673 0.9442 2.486 0.7146 102.19 l.2369 
12308021 MI(ROPTERUS SALMOIDES 52.21 0.49111 42.166 1.5707 5.378 1.8541 99.75 3.9165 
12309029 POHOXIS ANNULAAIS 67.28 0.29259 30.8M 0.3883 1.235 0.1802 99.38 0.8611 
12309030 PDMOXIS N,'ROMACUtATUS 0.62 0.00309 0.62 0.0031 
12404071 PtRCINA CAPRODES 0.00 0.00000 · · · · 0.00 0.0000 
12405091 SllZOSTEDICN CANADENSE 2.83 0.18998 5.102 0.5456 6.113 1.1031 14.10 2.1,393 
12501001 APLODINOTUS GRUNNIENS 60.00 0.82049 168.969 10.0131 160.368 26.1625 389.34 37 .596 7 
12905002 LAIIDES1HES SICCULUS 0.00 0.00000 0.00 0.0000 
19000801 504.43 0.39244 • 501,.43 0.3924 



TOTAL NUNBERS AND WEIGHT By SIZE CLASS -- YEARLY AVERAGE

- - - -- -- --- --- --- --- --- --- --- --- ------ RESRVS7 YEARS57 --------------------

SPECIES SCNAME 1NGNUN YNGNT INTNUM INTUT AOTNUH

10601003 ALOSA CHRYSGCNLORIS 0.00 0.0000 1.240
10604007 DOROSOHA CEPEDIANUM 7.02 0.1153 -

10604008 DOROSUMA PETENENSE 4291.83 15.7939
10801002 HIODON TERGISUS 7.562
11100801 UNIDENTIFIED SHINER 0.00 0:0000 -

11105012 CYPRINUS CARPID . .
11129169 PIHEPHALES VIGILAX 0.00 0.0000
11201000 CARPIODES SP. 0.41 0.0215
11206028 NYPENTELIUN NIGRICANS
11207030 ICIIODUS BUSALUS
11207031 ICTIOBUS CYPRINELLUS
11207032 ICTIOBUS NIGER
11210035 NOXOSTONA ANISURUN
11210045 NOXOSTOHA ERYTI'RURUf 0.41 0:0095
11301002 ICTALURUS FURCATUS 3.23 0.0742 2.668
11301009 ICTALURUS PUNCTATUS 49.60 0.7100 28.184
11303032 PYLODICTIS OLIVARIS 1.08 0.0048 4.879
115060r0 FUNDULUS SP. 0.00 0.0000
12201002 MURONE CHRYSOPS 46.78 1.1296 16.116
12307012 LEPOMIS GMUOSUS 25.02 0.0902 1.902
12307014 LEPONIS CYANELLUS 25.30 0.1446 5.621
12307016 LEPONIS HUMILIS 98.82 0.2943 52.315
12307017 LEPONIS MACROCHIRUS 1339.64 3.7985 345.530
12307019 LEPDMIS MEGALOTIS 18.28 0.0968 39o785
12307020 LEPOMIS MICROLOPHUS 19.92 0.1453 32.729
12308024 MICROPTERUS DOLOMIEUI
12308026 NICROPTERUS PUNCIULATUS 127.19 1.0379 62:783
12308027 nICROPTERUS SALMOIDES 54.97 0.4620 68.982
12309029 POMOXIS ANNULARIS 5.91 0.0247 14.018
12404077 PERCINA CAPRODES 0.00 0.0000
12405097 STIZOSTEDION CANADENSE
12501001 APLODINOTUS GRURNIENS 154.86 2.6287 187.003
19000801 580.24 0.6924

------ ----- -------------- RESRV-7 YEARmS8

0.1194

1.6477

0.2473
2.0520
0.6846

1.1467
0.0387
0.1546
0.4513
7.2425
0.8425
1.1026

1:8936
4.6183
0.2018

10.3253

45.46
1806.42
286.23

1.65

7140

6:66
0.54

55.68
1 .08
0.54
3.76
8.26
6.66

39.76
2.19

103:02
1.36
0.83

21.49
104.47

22:98
0.54
1.65

13 .39
4.26

0 .54
89.90

AD011

21.776
264.218

8.547
0.636

7:279

4:280
0.116

55.093
1.246
1.346
1.736
4.222
1 .859
8.576
0.961

29.921
0.132
0.050
0.392
7.826

1 .792
0.074
0.214
6.273
0.441

0 :246
15.138

TOINUM

46.70
1813.44
4578.05

9.22
0.00
7.40
0.00
7.07
0.54

55.68
1.08
0.54
3.76
8.68

12.57
117.54

8.14
0.00

165.92
28.28
31.75

172.62
1789.63

58.06
75.63
0.54

191.63
137.35
24.19
0.00
0.54

431.77
580.24

TOTNT

21.895
264.334
24.341
2.284
0.000
7.279
0.000
4.302
0.116

55.093
1.246
1.346
1.736
4.232
2.180
11.338
1.651
0.000

32.198
0.261
0.349
1.138

18.867
0.9 39
3.040
0.074
3.145

11.353
0.668
0.000
0.246

28.092
0.692

'-3
0

Ni-

0O\c

cn)

--- -- - ---------

SPECIES SCNAME YNGNUH YNRGT INTNUM INTUT ADTNUM ADTWT

10401001
10601003
10604007
10604008
10801002
11100801
11105012
11201000
11207030
11210000
11301002
11301009

LEPISOSTEUS OCULATUS
ALUSA CHRYSOCHLORIS
DOROSOMA CEPEDIANUM
DORUSUMA PETENENSE
HIDOON TERGISUS
UNIDENTIFIED SHINER
CYPRINUS CARPi0
CARPIODES SP.
ICTIOBUS BUDALUS

NOXOSTONA SP.
ICTALURUS FURCATUS
ICTALURUS PUNCIATUS

0.48 0.0290
35.89 0.7405 32:7381
25.12 0.3807

1391.37 17.2331 3:9286

0.00 0:0000

4:.76 0:.1762

2:38 0.0662 1.9048
3.75 0.0575 6.1310

9.6429

1:23488

0:75726

0:35619
0.51101
0.57310

0:476
241.310

3.155

1.429
1.429

21.369
3.333
5.714
4.286

0:4000
39.5537
0.1071

1.7514
1.1876

21.3231
2.6395
1.9686
1.0910

TOTNUM

0.48
69.11

266.43
1394.52

3.93
0.00
1.43
6.19

21.37
7.62

15.60
13.93

0.0290
2.3754

39.9344
17.3402
0.7573
0.0000
1.7514
1.3638

21.3231
3.0619
2.5371
1.6640

TOTNT

TOTAL NUHBERS AND VEIGHT 8Y SIZE CLASS -- YEARLY AVERAGE 

-------------------------------------.*----------.. ----- RfSI'-l YfAlt-51 ---------------------------------------------------------
SPEC IES SCNAHE YN'NU" YN'IIT INTNU" KNTIIT AOTNU" AOllf1 TOTNUH TOTIIT 

10601003 ALOSA CHRYSOCHLOR.S 0.00 0.0000 1.2~0 0.1194 I, 5 .106 21.776 46.10 21.895 
10604001 OOR050"A (fPEOIANUH 1.02 0.llS3 lB06.42 2610.218 1813.44 26".3]4 
10604008 OOROSOHA PETfNENSE 4291.83 15.1939 · 286.23 8.5'" 4518.05 24.310 I 
10801002 HIODON TfUISUS · · 1.562 1.6411 1.65 0.636 9.22 2.284 
11100801 UNIOtNTIFlfD SHINER 0.00 0.0000 · 0.00 0.000 
11105012 CYPRINUS CARPIO · 7.40 1.219 1.40 7.219 
11129169 PI"fPHAlES VIGfLAX 0.00 0.0000 . 0.00 0.000 

0 11201000 (lRPIODES 5P. 0.41 0.0215 . 6.66 4.280 1.01 4.302 

~ 11206028 H'PENTElIUH NIGRICANS 0.54 0.116 0.5" 0.116 
lIl0 1030 1(110BUS 81/BAlUS 55.68 55.093 55.68 55.093 
11201031 I(TIOBUS ('PRIHElLUS 1.08 1.246 1.08 1.246 8 
11201032 ICTIOBUS NIGER 0.54 1.346 0.54 1.346 gJ 
Jl210035 "OXOSTO"A ANISURUH · · 3.16 1.136 3.16 1.136 0 11210045 "OX05TO"A ERYT~RURUH 0.41 0.0095 · 8.26 ' 4.222 8.68 4.231 C 
11301002 I(TALURUS FUR(ATUS 3.23 0.01"2 2.688 0.24}] 6.66 1.859 12.51 2.180 ~ 11301009 I(TAlURUS PUNeTATUS 49.60 0.1100 28.184 2.0520 39.76 8.516 111.54 Jl.338 
11303032 PYlOOICTIS OLIVARIS 1.08 0.0048 4.819 0.6846 2.19 0.961 8.14 1.651 8 

115060ra fUNDULUS SPa 0.00 0.0000 . · · . 0.00 0.000 ~~ 1210 1002 HDRONE CHR nop S 46.78 1.1296 16.116 1.1461 103.02 29.921 165.92 32.198 
o~ 12301012 LEPO"IS GUlOSUS 25.02 0.0902 1.902 0.0381 1.36 0.132 28.28 0.261 
0 12301014 lEPO"'S ('.HEllUS 25.30 0.1446 5.621 0.1546 0.83 0.050 31.15 0.349 ~~J 12307016 LEPO" IS HUM illS 98.82 0.2943 52.315 0.4513 21.49 0.392 112.62 1.138 

.. 1 I 23!!1011 lEPO"IS HA(ROCH'RUS 1339.64 3.7985 345.530 1.2425 104.41 1.826 1789.63 18.861 ~I 
12301019 LEPOKIS "EGAlOTIS 18.28 0.0968' 39.185 0.8425 58.06 0.939 O\( 

12301020 lEPOKIS "I(ROlOPHUS 19.92 0.1453 ]~.129 1.1026 22.98 1.192 15.63 3.040 ~ 1230802" H'(ROPTERUS OOLOHIEUf 0.54 0.014 0.54 0.074 

~ 12308026 H'(ROPTERUS PUNCTULATUS Ul.J9 1.0319 62.113 1.8936 1.65 0.214 191.63 3.145 
12308021 HICROPIERUS SALHOIDES 54.91 O.UlO 68.982 4.6183 13.39 6.213 131.35 11.353 
12309029 PD"DXIS ANNULAR IS 5.91 0.0241 14.018 0.2018 4.26 0.441 24.19 0.668 CIl 

12404071 P£RUNA UPitOOES 0.00 0.0000 · 0.00 0.000 ~ 12405091 5TIZOSTEOION (ANADENSE · • . • 0.54 0.246 0.54 0.246 t-' 
12501001 APlDOIN01US ,RUNNIEN5 154.86 2.6281 111.003 10.3253 89.90 15.138 431.11 28.092 t:rJ 
19000801 580.24 0.6924 580.2" 0.692 CIl 

-------------------------------------------------------- RESR'-l 
YUR-58 ---------------------------------------------------------

SPECIES S(NAKE YN'NUPI uCon INTHUH INTlll ADTNUH ADTIIT TOTNUH TOTIn 

10401001 lEPISOSTEUS O(ULATUS 0.48 0.0290 . · . . 0.48 0.0290 
1060100) ALDSA eHRY50CHlORIS ]5.89 0.1405 ]l.13" 1.23481 0.416 0.4000 69.11 2.3154 
10604001 DOR050"A (EPEDIANUH 25.12 0.]807 2"1.310 39.5531 266.43 39.9]44 
10604008 DORUSOHA PfTEHENSE 1391.31 11.2331 . · 3.155 0.1011 1394.52 17.3402 
10801002 H.ODDN TEUISUS · · ].9286 0.15126 3.93 0.1513 
11100801 UNIDENTIFIED SHINER 0.00 0.0000 . . 0.00 0.0000 
11105012 CYPRINUS CUP 10 · · 1.429 1.1514 1.43 I.HI4 
1120)000 (ARPIODES SPa 4.16 0.1162 1.429 1.1816 6.19 1.3631 
11201030 rCTIDBUS IUBAlUS • • 21.369 21.3231 21.31 21.3231 
11110000 MDXDSIOMA SPa 2.31 0.0'112 1.9048 0.3561' 3.)]3 2.6395 1.62 3.0619 
lU01002 leTAlURUS fURCATUS J.lS 0.0515' 6.U10 0.51101 5.114 1.9686 15.60 2.5311 
InOlOO9 r(TALURUS .UNC1AlUS '.6429 0.51310 4.286 1.0910 !J.93 1.6640 



IOTAL NUMBf A' D WEIGH161T Ty •'.r. (AF% .. !(A.IL tyVl.Eq5F.

-, . - - -- ---- -- ------ - -- ---- -- ---- ---- -- -- -- - -- -- - - -- - RESRU-7 YIAN-5q - -- -- -- -

SPEC IES SCNAHE

11303032
12201002
1 230 i701
12307013
1 2307014
12307017
12307019
12307020
12308026
12308027
12309029
12404017
12405097
12501001
12905002
19000801

PYLODICTIS OLIVARIS
HDUPNE CHRYSOPS
IVPUIJI £IUI.OSI$S

LEPOMIS AURITUS
LEPUMIS CYANELLUS
LEPORIS MACROCHIRUS
LEPOHIS MEGALUTIS
LEPONIS MICROLOPHUS
MICROPIERUS PUNCTULATUS
MICRCPIERUS SALMOIDES
POPOXIS ANNULARIS
PERCINA CAPROUDES
STIZOSTEDION CANADENSE
APLO0INOTUS GRUNNIENS
LAEIDESTHES SICCULUS

INGNU 1

5.357
29.762
4.286

10.155
501.190

2.500
5.060

34.286
1.619
9.524
0.000
0.476

82.917
0.000

240.595

YPNGNT I INT'JrI INTWT AD ITNUm AL1T., lIIltlUM TDTW7

0:10637
0.08976
0.00952
0.06417
1.36661
0.01125

2.5000
I .2'SO0
1 .4'86

2.5000
85.0000
33.0952

0.17750
0.12500
0.0:952

0.07125
1.72470
0.73113

0.4762
3 .9285
0.'762

38.3333
0 .9524

G. 16952
0.71a577
C .03381

2.97280

2.976
10.536
'I. 67
4.286

20.655
624.524

3d.$4

0.34702
n.97714
.3.16310
0.00952
0.13542
6.06411

0
0
0
0

0

0

C
0
0

------------------------

1.02679 1.4286 0.03333 9.7024 0.80601 16.190 0.86613
1.29125 17.0,38 0.83542 0.4762 0.06143 51.786 1.18810
.06286 13.5714 1.04000 1.4286 0.30143 22.619 1.40429

0.04190 8.0351 0.32869 2.6786 0.57631 20.238 0.94690
0.00000 . 0.000 -0.00000
.02190 0:4762 0.07714 0:9524 0:61238 1.905 0.71143 0
.02256 26.4801 1.60077 23.9286 4.49554 133.333 7.11887

0.00000 .... 0.000 0.00000
.24226 .... 240.595 0.24226

-- RESRV7= YEAR.59 ----------------------- ---------------------- --------

YNGWT INTNUN INTUT ADINUM ADIMT t01NUM TOTWI <U.'-

12.381 1.22190 1.905 0.4790 14.286 1.7010
407.619 63.3371 407.619 63.3371

.05429 100.952 4.4762 245.714 5.5305 N
0.952 0.17429 - 0.952 0.1743 08.571 9.8352 8.571 9.8352 Z

3.810 5.3200 3.810 5.3200 Nl
4:762 1:05429 52.381 53.0019 57.143 54.0562
2.857 0'.40667 2.857 0.4067

4:162 4.1933 4.762 4.7933
1.905 0.5676 1.905 0.5676 N

:05524 20:000 1179143 4.762 0.9743 26.667 2.8210 co

SPECILS S1ANEF

10601003
10604007
10604008

op0o1002
11105012
11201000
11207030
11209034
11210039
11210045
11301002
11301009
11303032
12201002
12307012
12307014
12307017
12307019
12307020
12308024
12308026
12308027
12309029
12309030
12405097
12501001
19000801

ALOSA CHRYSDCHLORIS
DOPPSOMA CEPEDIANUN
V0•UOMA PEMENENSE
HIUOON TERCISUS
CYPRINUS CARPIO
CARPIODES SP.
ICTIOBUS 8UBALUS
MINYTREMA HELANOPS
MOXOSIOMA CARINATUh
MOXOSIIMA ERYTHRURUH
IC1ALURUS FURCEAUS
ICTALURUS PUNETATUS
PYLODICTIS OLIVARIS
MORONE CHRYSOPS
tEPOMIs GULOSUS
LEPUNIS CYANELLUS
LEPONIS MACROCHIRUS
LEPOHIS MEGALOTIS
LUPOHIS MICROLOPHUS
MICROPIERUS OULOHIEUl
MICROPIERUS PUNCTULATUS
MICROPTERUS SALMOIDES
POMOXIS ANNULARIS
POMOXIS NIGROMACULAIUS
STIZO57EDION CANADENSE
APLUDINOTUS GRUNNIENS

YINGNUM

144.762

o

I.905
2.857
1.905
1.905

78 .05
2.857

504.762
0.952
3.810

50:.76
18.095
20.000

378:095
;6 .571

I

0

0.00952
0.00476
0.01429
0.25048
0.02571
1.53333
0.00667
0.02952

0.28190
0.11238
0.09143

2,.01810
0.49333

0 .:952
0.952

26.667

124 :762
I1 .'.29
3 .1110

9 :524.
9.524

125.714
1.905

143.810

0:03429
0.09524
0.51905

2:71619
0.28476
0.06857

0.50952
0.80857
3.94667
0.02381

8.89429

3.810
0.952
0.952
1.905

30:476

3.810
0.952
0.952
8 .571

15.238

0.952
228.571

0.8143
0.2676
0.1476
0.3 067

2:0543

0.3867
0.3886
0.1857
4.8162
3.2371

o0 1962
39.7943

6.667
4.810

3.810
1'6.667

2.857
660.000

12.381
11.429
0.952

60.952
36.190

160.952
1.905
0.952

5'U .476
5 6f.571

0.8238
0.3067
0.2571
1.0762
0.0257
6.3038
0.2914
0.4848
0.3086
0.9771
5.7371
7.2752
0.0238
0.1962

50.7067
0.4933

lOTAl NlJHBt ,;, , !Iii D 'H If.lli ny \'!.L p.r.'~ "" '(P1lY ',Vt!I.\':iF. 

. ...-_------------------- ... .,.. .. -_ ... __ .. _---_ .. _--- -_ ..... '. ., - RfSIlU..,l YIM,")!! ,,_ p ............. _ ..... _ .... _~ ...... _ ...... _. 0" .. - ..... . ................. ~ ~- ..... _-------
SPECIES SCHAHE YNGNU~1 Yr/GWT HI TrI'1fI !t/TWT 1\0 HIUI1 t.nTWl 11111W" TOINT 

11303032 PYLODI(IIS DllVARIS · 2.5000 0.17750 o .~762 (J.lif,952 2.916 0.34702 
12201002 HOIIOPlE CHRY~OPS 5.351 0.10631 J.l';OO O.Jl~OO 3.'!128'!> 0.7'.51" ! 0.536 0.91714 
Ino 7Il' ~ IfPOl11S tU"USUS 29.162 0.08916 J .(.~IU, O.O:;9!'2 0.'0162 C .03~al :' 1.'..67 ·).16310 
12301013 LEPOHI5 AURITUS ~ .28" 0.00952 " .286 0.00952 
J 2301014 LfPOHIS CYANEllUS 18.155 0.06411 2.5000 0.01125 20.655 0.13542 
12301011 lfPDHIS HA(ROC~IRUS 501.190 1.366&) 85.0000 1.12410 38.3333 2.91280 624.524 6.06411 
12301019 lfPOHIS HE'AlUTIS 2.500 0.01125 33.0952 0.73113 0.9524 0.06238 36.548 0.80536 
12301020 lEPOHIS H1CROlOPHUS 5.060 0.02619 1.42116 0.03333 9.7024 0.80601 16.190 0.86613 0 

0 
12308026 MICROPIERUS PUNCIUlAlUS 34.286 0.29125 17.0l38 0.83542 o .41~2 0.061103 51.186 1.18810 ~ 12308021 HICRDPTERUS SAlHOIOES 1.6)9 0.0628t. 13.5114 1.04000 1.4286 0.30143 22 .619 1.40429 S 12309029 P0f40Xl 5 U .. UlAR IS 9.521t 0.0"190 8.0351 0.32869 2.618" 0.51b31 20.238 0.94690 
12404011 P(RtINA UPROOES 0.000 0.00000 '- 0.000 - 0.00000 gJ . 
12405091 51110ST£010N CANADENSE 0.416 0.02190 0.4762 0.01114 0.952" 0.61238 1.905 0.11143 0 
12501001 APlOOINOIUS GRUHNIENS 82.911 1.02256 26.48111 1.60017 23.9286 4.49554 133.333 1.11881 c:: 
12905002 lAflOfSTHfS 51((UlUS 0.000 0.00000 0.000 0.00000 \:d 
19000801 2"0.595 0.2~226 240.595 0.24226 c:: 

8 

'., ,.------•• ------------------------------ --------- RESRV&l YEAR-59 ---------------------------------------------------------~~ t'i 
OM 

SHe a:s SeNAHE Y:~'NUM YN'"T INTHU" INTIIT AOTNUH AOlllT fOTHUM 1 o TIn 
0 <w· 
M· 

AlOSA CHRYSOCHlORIS 12.381 1.22190 1.905 0.4190 14.2st 
VI 

10601003 1.1010 !::dl 
10604001 00':'50HA (EPEDIANUM · • 401.619 63.3311 401.b19 63.3311 01-' 

80 101>040011 DO',('SOHA PElENfNSE 144.162 1.05429 . . 100.952 4.4162 2"5.714 5.5305 t<:l 
] OtlO 1002 HIlWON TERC; ISUS 0.952 0.17429 0.952 0.1143 :.:: 

0 I] 10')012 CYPRINUS CARPIO • 8.571 9.8352 8.511 9.6352 :.:: 
11201000 (ARPIODES SPa 3.810 5.3l00 3.810 5.3200 M 
11207030 ICTl08US 8UBAlUS " .162 1.05429 52.381 53.0019 51.143 54.0562 Cf) 

11209034 HINYTREHA MElANOPS 2.851 0'.40667 2.857 0.4067 ~ 11210039 HOXOS1DMA (ARINAIUH 4 .1~2 4.7933 4.762 4.1933 
11210045 MDXDSIO"A ERYIHRURUH 1.905 0.5616 1.905 0.5&76 t'i 

M 
11301002 IC1AlURUS fURCAIUS 1.905 0.05524 20.000 1.791~3 4.1t.2 0.9743 26.661 2.8210 en 
11 3D 1009 I(TAlURUS PUN(TATUS 2.857 0.00952 3.810 0.8143 6.b61 0.8238 
11303032 PllODI(lIS OllVARIS 1.905 0.00416 0.952 0.03429 0.952 0.2676 ~.810 O.30~1 

12201002 HDRONE CHRYSOPS 1.905 0.01429 0.952 0.09524 0.952 0.1416 3.810 0.2511 
J 2307012 UPONIS 'UlOSIJS 78.0':'5 0.2501011 2" .661 0.51905 1.'305 !) .3{167 J')"'.667 1.0762 
12301014 lEPDHIS CYANEllUS 2.851 0.02511 2.851 0.0251 
12301011 lEPOHIS HACRO(HIRUS 50".162 1.53333 12" .162 2.11619 30.416 2.0543 660.000 6.3038 
12307019 lEPONIS HEGAlOTIS 0.952 0.00667 11.1.29 0.28476 12.381 0.291" 
12301020 lEPOHIS HICROlOPHUS 3.810 0.02952 3.1110 0.06857 3.810 0.3861 11.429 0.108"8 
12308024 HICROP1ERUS ODlOHIEUI · · 0.952 0.3886 0.952 0.3886 
12308026 HICIICPIERUS PUNCTUlAIUS 50.H6 0.28190 9.52<\ 0.50952 0.952 0.1851 60.90;2 0.9111 
12308021 "ICRDPlE RUS SAlHDIDES 18.095 0.11238 9.524 0.801157 8.571 4.81b2 3( •• 190 5.1311 
12309019 PONDXIS ANNULAR IS 20.000 0.091103 125.114 3.9106f07 15.238 3.2311 161) .952 1.2752 
12309030 rOHOXIS hiG~uKAlUlA1US 1.905 0.02381 1.905 0.0238 
12405091 STlZOSIED10N CANADENSE · · . 0.952 0.1962 /).952 0.1962 
12501001 APlOOIHOTUS GRUNNIENS 118.095 2.01810 143.810 8.89429 228.571 39.7910) 5"0.416 50.7061 
19000801 1;6'1.511 0.49313 ';M .571 0.4933 



TOTAL NUMBERS AND WEIGHT BY SIZE CLASS -- YEARLY AVERAGE

------------------------- RESRV07 YEAR70 ...... .- ---.

SPECIES SCRAME YNGNUH YNGWT INTNUM INTNT ADTNUM ADTWT TOTNUN TOTWI

10401001 LEPISOSTEUS OCULATUS 1.685 0.5297 * 1.69 0.5297
10401002 LEPISOSTEUS OSSEUS 1.33 0:00371 0.370 0.0428 1.70 0.0465
10601003 ALOSA €HRTSOCHLORIS 7.92 0.06419 0.477 ,0.o515 0:845 0.4761 9.24 0.5938
10604001 DOROSONA CEPEOIANUM 694.37 1.91368 . . 645.340 73.1215 1339.71 75.0952
10604008 DOROSOMA PETENENSE 2453.61 3.2'1736 . . 0.309 0.0151 2453.92 3.2525
10604801 MIXED DOROSONA 166.71 1.92'17 8... 766.72 1.9279
10001002 HIDOON TERGISUS 0.80 0.00801 .... 0.90 0.0080
11103005 CARASSIUS AURATUS 0.09 0.00139 0.09 0.0014
11105012 CYPRINUS CARPIO 0.84 0.00215 0.152 0.0574 4:772 6.7791 5.77 6.8387
11124061 NOIEHIGONUS CRYSOLEUCAS 4.36 0.16987 . . 4.36 0.1699
11201002 CARPIODES CYPRINUS . . 0:731 0:7723 0.73 0.7723
11207000 ICTIOBUS SP. 0:595 0:1164 6.616 8.8615 7.21 8.9779
11207030 ICTIOBUS BUBALUS 1:96 0:01349 3.041 0.7638 23.280 34.2239 28.28 35.0011
11207031 ICTIODUS CYPRINELLUS . ... 8.005 13.8933 8.01 13.8933
11207032 ICIIONUS NIGER 0.170 0.2626 0.17 0.2626
11209034 MINYTRlMA MELANOPS 18:02 0:10330 0:681 0:0676 0.471 0.2253 19.17 0.3962
izioooo MOXOSIOMA SP. 0.15 0.00697 0.878 0.5169 1.03 0.5239

11210038 MOXOSOMA MACROLEPIDOTUR 0:290 0:0345 0.30 0.0345
11210044 MOXDSIOMA DUQUESNEI 0:27 0:03019 0.546 0.0851 3:362 1:5102 4.18 1.6255 )
11210045 NOXOSTOMA ERYIHRURUM 5.27 0.04800 0.507 0.0765 6.356 3.5511 12.13 3.6756
11301002 ICTALURUS FURCATUS 0.30 0.00030 2.865 0.2205 2.516 0.9639 5.68 1.1847
11301009 ICTALURUS PUNCTATUS 3.27 0.02428 10.096 0.6399 5.711 2.1658 19.07 2.8299
11303032 PYLODICTIS OLIVARIS 3.51 0.01332 0.427 0.0748 1.363 0.5120 5.30 0.6002 o
12201002 MORONE CHRYSOPS 47.30 0.22204 0.121 0.0121 47.42 0.2341
12302003 AMOLOPLITES RUPESTRIS 0:110 0.0155 0.17 0.0155
12307012 LEPOMIS GULOSUS 1.18 0:02858 4.,62 0:0944 2.299 0.1893 13.92 0.3123
12307014 LEPOHIS CYANELLUS 7.41 0.04233 4.859 0.1092 0.455 0.0274 12.73 0.1790
12307016 LEPOMIS HUMILIS 2.864 0.0218 0.550 0.0308 3.41 0.0526
12307017 LEPOMIS MACROCHIRUS 1243.26 2.27349 193.311 4.5759 70.031 5.3723 1506.60 12.2217
12307019 LEPOMIS MEGALOIIS 41.16 0.29390 24.340 0.5245 2.711 0.1777 74.21 0.9961
12307020 LEPOHIS MICCOLOPHUS 9.09 0.02532 15.225 0.4134 16.654 1.5886 40.97 2.0274
12308026 MICROPTERUS PUNCTULATUS 148.87 0.37294 2.432 0.1164 0.561 0.0754 151.86 0.5647 /
12308027 MICROPTERUS SALMOIDES 263-10 0.87446 22.412 1.8576 9.579 2.8174 295.09 5.5494
12309029 POMOXIS ANNULARIS 61.58 0.12086 26.132 0.9563 18.953 2.6918 126.66 3.7690
12309030 PONOXIS NIGROMACULAIUS . . 0.893 0.0860 0.89 0.0860
12403015 PEICA FLAVESCENS 16.94 0:08346 .... 16.94 0.0835
12404071 PERCINA CAPRODES 0.27 0.00369 . - 0.27 0.0031
12405097 S5IZOSTEDION CANADENSE 0.748 0.2127 0.75 0.2127
12501001 APLODINOTUS GRUNNIENS 109.45 0681746 211.621 12.4508 96.912 15.7896 417.99 29.0579
19000801 694077 0.84765 .... 694.77 0.6476

lOlll NUMBERS AND WEIGHT BY SIZE CLASS -- YEARLY AVERAGE 

------------.. -.--------------------------------------- .£SRV-l HAR-70 ---------------------------------------------------------
SPECIES S(NAHE ,"GNUH YNCIIT INTNU" INTIIT ADTNU" ADTIIT IDINU" IDtllT 

10401001 UPI SOSTEUS O(ULATUS · ) .685 0.5297 1.69 0.5291 
10401002 LEPISDSTEUS DSSEUS 1.33 0.00311 0.310 0.0428 · 1.70 0.0465 
10601003 ALOSA (HR'SO(HlDRIS 1.92 0.06419 0.417 o .051S 0.845 0.4181 9.24 0.5938 
10604001 DOROSO"A (EPEDIANUM 691t .31 1.91368 61t5.340 13.1215 1339.71 15.0952 
10604008 DDROSO"A P(IEHENSE 2lt53.61 3.2:11n 0.309 0.0151 21t53.92 3.2525 
10604801 M IXE 0 DOROSO"A 166.1? 1.'ll81 166.12 1.9219 
10801002 HIODON TERCISUS 0.80 0.00801 0.80 0.0080 n 
11103005 CARASSIUS AURAIUS 0.09 0.00139 0.09 0.0014 0 · ~ 11105012 CYPRINUS CAlP 10 0.84 0.00215 0.152 0.0574 4.112 6.7191 5.71 6.8381 
11124061 NDIEHIGONUS CRYSDlEUCAS 1t.36 0.16987 4.36 0.1699 
11201002 CARPIOOES CYPRINUS 0.131 0.1123 0.13 0.71l3 gj 
11201000 IClIDBUS SP. · · 0 .. 595 0.1164 6.616 8.8615 1.21 8.9179 
11201030 ICIIOBUS BUBAlUS 1 .. 96 0 .. 01349 3 .. 041 0.1638 23.280 34.2239 28.28 35.0011 0 -11201031 ICIIOBUS (YPRINEllUS 8.005 13 .. 893] 8.0J 13.8933 ~ 11201032 IClJOOUS NICER · · · · 0.110 0.2626 0.11 0.2626 
Ill09034 MINYIRE"A MELANDPS 18.02 0.10330 0.681 0.0616 0.411 0.2253 19 .. 11 0.3962 $ 
112ioooo MOXDS1O"A SP. 0 .. 15 0.00691 · 0.818 o .51b9 1.03 0.5239 ~~ 11210038 "OXOSlO"A HACRDL[PIDDlUM · · 0.2'8 0.0345 · · 0.30 0.0345 
11210044 MOIiDSTO"A DUQUESNE I O.ll 0.03019 0.51t6 0.0851 ].362 1.5102 4.18 1.6255 t"' ntx:t 
11 21001t5 MOXOS1OMA UYlHRURUM 5.21 0.04800 0.501 0.0165 6.356 3.5511 12.13 3.6156 0 
11301002 ICTALURUS FURU1US 0.30 0.00030 2.865 0.2205 2 .. 516 0.9639 5.68 1.1841 ;3~ 
11301009 ICTAlURUS PUNCTAlUS 3.21 0.02428 10.096 0.6399 5.111 2.1658 19.07 2.82'19 V1 

11303032 PYlDDICTIS OLIVARIS 3.51 O.On32 0.427 0.0148 1.363 0.5120 5.30 0.6002 ~I 
0 ...... 

12201002 MORDfIlE CHRYSOPS 41.30 0.22204 0.121 0.0121 · · Itl.1t2 0.2341 8 ...... 
12302003 AMBLOPllTES RUPESTRIS · · · · 0.110 0.0155 0.11 0.0155 ~ 
12307012 LE POM IS GUlOSUS 1 .. 18 0.02858 4.442 0.0944 2.299 0.1893 13.92 0.3123 

~ 1230101" lEPOMIS CYANELlUS 1.41 0.04233 4.859 0.1092 0.455 0.0274 12.13 0.1190 
123010U. UPOMIS HUMIL1S l.864 0.0218 0.550 0.0308 3.4 I 0.0526 en 
12301011 lEPOMIS MACROCHIRUS 1243.26 2.21349 193.311 4.5159 70.0:n 5.3123 1506 .. 60 12.2211 

~ 12307019 lEPDMIS MEGALOllS 41.16 0.29390 24.340 0.5245 2.711 0.1771 74.21 0.9961 
12301020 lfPDMIS MICROlDPHUS 9.09 0.02532 15 .225 0.4UIe 16.654 1.5886 40.97 2.0214 &; 
12308026 MICROP1ERUS PUNCtULATUS 148.81 0.31294 2.432 0.1164 0.561 0.01510 151.86 0.5t.41 en 
12308027 MI(ROPIERUS SAl"OIDES 263.10 0.81446 22.412 1.8516 9.519 2.8114 295.09 5.5494 
1 ZlO9029 PO"OXIS ANNULAR IS 11~5' 0 .. 120116 26.132 0.9563 18 .953 2.6918 126.66 3.1690 
IZl09030 POMOXIS NI'RDMA(UlA1US · · 0.89] 0.0860 0.8' 0.0860 
124030lS PUCA fUVESUNS 16 .. 94 0.083410 16.94 0 .. 0835 
U"04071 PUCIMA CAPRODU 0.21 0.00369 0.21 0.0031 

12"05091 stlZDSTED1DN (ANADENSE · · · · 0.148 o .2l2l 0.75 0.2121 
12501001 APLDDINDIUS CRUNIIENS 109.45 O.817U 211.62' 12.4508 96.912 15.7896 " 11.99 29.0519 
19000101 •• ".11 0.1"765 • 694.17 0 .. 8476 



TOTAL NUMBERS Amp WEIGHI By Sk?.'E CtASS -- YEARLY AVERAGE

SPEC IES

10401001
10604007
10604008
11104011
11105012
11124061
11129169
11206028
11207030
11207032
11209034
11210000
11210038
11210045
11301009
11303032
12201002
12?01001
12307012
12307014
12307016
12307017
12307019
12307020
12308026
12308027
12309029
12403075
12404071
12501001
12905002
19000801

SCNAME

LEPISOSTEUS OCULATUS
DOROSOMA CEPEDIANU"
ODROSOMA PETENENSE
CLINOSTODUS FUNDULOIDES
CYPRINUS CARPID
NOTEMIGONUS CRYSOLEUCAS
PINEPHALES VIGILAX
HYPENIELIUM NIGRICANS
ICIIOBUS BUBALUS
ICIIOBUS NIGER

MINYIREMA NELANOPS
NOXOSIOMA SP.
NOXOSIOMA MACROLEPIDOTUN
MOXOSJOMA ERYTHRURUN
ICIALURUS PUNCTATUS
PYLDDICTIS DLIVARIS
MORONE CHRYSOPS
MORONE MISSISSIPPIENSIS
LEPOMIS GULOSUS
LEPOMIS CYANELLUS
LEPOMIS HUmILIs
LIPUMIS HACROCHIRUS
Lr.OMIS MEGALOTIS
1TfPMIS MICROLVPHUS
HICROPTERUS PUNCTULATUS
MICROPTIERUS SALMOIDES
PONOXIS ANNULARIS
PERCA FLAVESCEI4S
PERCINA CAPRODES
APLUOINOTUS GRUNNIENS
LABIDESTHES SICCULUS

YNSNUH YNGUT

0.27
327.74
3315.89

4.17

0.00
0.00
0.27
6.40

21.16

5.23
0.99
2.37
4.07
0.65

36.04
5.95
5.12

1586.16
90.22
72.54
74.01
58.44
7.90

2..27
0.00

71 .b8
0.00

921.09

0.00088
2.25516
7.09360
9.95714

0.00000
0.00000
0.00591
1.94884

0.30033

0 :06741.
0.00635
0.00825
0.07558
0.00321
0.00559
0.06065
0.00983
3.02149
0.37082
0.22128
0.35234
0.31432
0.04785
0-38464
0.00000
0.92124
0.00000
1.30531

INTNUM

0.269
300236
0.780

1.613

0.581
10.149
1 .659

0.269
8.851
2.536

277.420
48.312
21.691
5.375

27.734
13.428

130 .995

INTUT ADTNUM

0.0258
69.2021

2.5143

0.1220

0:1320
0.6629
0.2981

0.0204
0.2027
0.0294

7:4848
1.2881
0.5890
0.0827
1.5835
1.0152

7:8048

525 .05!

17045

7.217

2.688
0.198
5.946

18.131
0.467

0:581
76.582

2.477
23.321

2.117
18.526
17.180

53 :175

AOTWT

60:2051

30 .6302

2 :0803
1.6231
0.2341
3.3101
6.2531
0.2032

0:0047
5.4508
0.0805
3.2692
0.3235
5.9447
2.9552

7.2933

TOTNUM

0.27
852.79

3315.89
4.17

17.05
0.00
0.00
0 .54

36.63
0.78

28.37
4.30
0.20

I .76
29.27
4.50
4.07
0.92

45.69
8.49
5.70

1940.16
141.01
117.55
81.50

104.70
38.51
24.27
-0.00

255.85
0.00

921.09

TOTWT

0.0089
62.4603

7.0936
9.9571

30.6302
0.0000
0.0000
0.0311

71.1509-
2 .5143
2.38 07
1.7452
0 .2341
3.5095
8.9224
0.5096
0.0756
0.02 36
0.2883
0.0901
0.0145

15.9570
1.7400
4.0794
0.1566
7.5425
4.0182
0.3846
0.0000

16.0193
0.0000
1.3054

0

0

H

tl

0

at-3
0

txj'

cl)

RESRVU7

SPECIES SCNANE TNGNUM

YEARm72 ------------------

rNGNT INTNUH INTUT ADINUH AOTWT TOTNUM TOIWT

10401002
10601003
10604007
10604008
10604601
11105012
11124061
11125073
11129146
11129169
11201001
11206028
11207030

Im Imf~f

LEPISOSTEUS OSSEUS
ALOSA CHRYSOCHtORIS
DOROSOMA CEPEDIANUM
DOROSOMA PETENENSE
MIXED OUROSOMA
CYPRINUS CARPIO
NOTEMIGONUS CRYSOLEUCAS
NDTROPIS ATIHERINOIDES
PIMEPHALES NOTATUS
PINEPHALES VIGILAX
CARPIODES CARPIO
fHYPENTELIUN NIGRICINS
IC7IO0US BUBALUS
MINYTRENA MELAROPS

- go am

0.198 0.02321 0.198 0.6845 0.40 0.708
1. 05 0.0069 12.304 1.03448 0.397 0.1440 13.75 1.185
0.26 37.3549 . . 275.805 67.3381- 276.06 104.693

1087.08 41.6605 . . 22.093 0.5924 1109.97 42.253
0.00 15.6317 . . 0.00 15.632

14:659 31:4700 14.66 31.470
6.98 0:12 6.98 0.122

44.28 0.0765 . . " - 44.28 0.076
906.23 0.9008 . . " - 906.23 0.901
12.67 0.0302 . . 72.67 -0.030

0:198 0:2341 0.20 0.234
0:269 0:02177 0.725 0.2117 0.99 0.233

8.68 0:6446 2.528 0.97997 26.482 41.4328 37.69 43.057
38.06 0.8060 2.002 0.32439 19.790 6 52 -so me am " - - d&8 .- 'O

TOTU NUM8nS /\PHI WEIGHl BY S1:';o '-lASS .- YEARLY AVERAGE 
~ ------------------------------------------------------- RESRVzl Yl:I..R mll -----,--------------------_ .. __ .. _----_._------....---SPEC IES 

10401001 
10604001 
10604008 
11104011 
11105012 
11124061 
11129169 
11206028 
112Ql030 
11207032 
1J209014 
11210000 
11210038 
)1210045 
11301009 
11)03032 
12201002 
)270100~ 

17)01012 
12301014 
12301016 
12307011 
12307019 
12307020 
123011026 
12308021 
12309029 
U403015 
12404011 
12501001 
lZ90500l 
19000801 

SCHAME 

L[PI~OSTEUS OCUlAIUS 
DOR050HA {(PEDIANUM 
DOROSO"A PETENENS( 
{lINOSTOMUS fUNDUlOIDfS 
CYPRINUS (ARPIO 
NOTEMIGONUS (R'SOLEUC'S 
P'MEPHALES VIC;ILAX 
"'PENTELIUM H"RICANS 
I(TIOBUS 8UBALUS 
JCTIOBUS NICiER 
MINYTRE"A MELANOPS 
HDXOSIOHA SP. 
MDXDS10HA MACROLEPIDOTUM 
MOXOS10HA ERYTHRURUM 
ICTAlURUS PUNCIITUS 
PYlOD.tTIS OLIVAIIS 
MORONE CHRYSOPS 
"DRONE HISSISSIPPIENSIS 
UPOMIS CiULOSUS 
LEPOMIS (YANElLUS 
LEPOMIS HUMILJS 
LEPOMIS MACROCHIRUS 
H'OM.S "EGAlOTIS 
lfPOMIS MICROLOPHUS 
"l(ROPTERUS PUHCTULAiUS 
MICkOP1ERU5 SAlMOIDES 
POHOX'S ANNULARIS 
PERCA FlAVESCENS 
PERC INA (APRODfS 
APLD01NDlUS GRUNNIENS 
LABIDfSTHfS SI((UlUS 

YN'>NUH 

0.21 
327.74 

J1l5.n 
4.17 

0.00 
0.00 
0.27 
6.40 

lJ .16 

. 
5.23 
0.99 
2.31 
10 .01 
0.65 

3b .84 
5.95 
5.12 

1586.16 
90.22 
72.54 
74.01 
58.44 
7.90 

2".21 
0.00 

1l.b8 
o .01J 

921.09 

YHG!H 

o.ooel1 
2.25516. 
1.09360 
9.9571" . 
0.00000 
0.00000 
0.00591 
1.9"81" 

0.300n 

. 
0.06744 
0.00635 
0.00825 
0.07558 
0.00321 
0.08559 
0.06065 
0.00983 
3.02149 
0.37082 
O.21Jl' 
0.3523~ 
0.31432 
0.04785 
0"1846" 
0.00000 
0.92U, 
0.00000 
1.30531 

INTN!.IM 

0.269 
30.236 

0.780 

1.613 . 
0.581 

10.1<0' 
1.659 

0.269 
8.851 
2.536 

271.420 
48.312 
2 J .691 

5.375 
27.73" 
13 .428 

. 
130.995 

INTI' 

. 
0.0258 

69.2021 
2.5143 

0.1220 

0.1320 
0.6629 
0.2981 

0.0204 
0.2021 
0.0294 

7.4648 
1.2881 
0.5890 
0.0827 
1.5835 
1.0152 

,. 
7.8048 

ADTNU" 

· 525.051 

· 17.0"5 

7.211 
2.688 
0.198 
5.946 

18.131 
0.1061 

· 0.581 
76.582 

2.411 
23.321 

2.117 
11.526 
17.180 

· 53.175 

ADTIIT 

. 
60.2051 

30.6302 

2.0803 
1.6231 
0.2341 
3.3101 
8.2531 
0.2032 

0.0041 
5.4508 
0.0805 
3.2692 
0.3235 
5.91041 
2.9552 

. 
7.2933 

TOT~U" 

0.27 
1152.79 

3315.89 
It .17 

11.05 
0.00 
0.00 
0.54 

36.63 
0.18 

28.31 
4.30 
0.20 

11.76 
29.27 
4.50 
4.07 
0.92 

45.69 
8.49 
5.70 

1940.16 
141.01 
111.55 
81.50 

10".10 
38.51 
24.27 
·0.00 

255.85 
0.00 

921.09 

TOTIIT 

0.0089 
62.4603 

7.0936 
9.957) 

30.6302 
0.0000 
0.0000 
0.0311 

11.1509-
2.5143 
2.3801 
I .. 7452 
0.1341 
3.5095 
8.9224 
0 .. 5096 
0.0756 
0 .. 0236 
0.2883 
0.0901 
0.0145 

15.9510 
1.71000 
4.019" 
O .. l~llt. 
7.8425 
" .. 0182 
0.3846 
0.0000 

16.019) 
0.0000 
1 .. 3054 

o 

I 

________________________________________________________ RES.'·' 
YEAR-12 .---------.----------------------------------------------SPEC IE S 

10"01002 
10601003 
IOb04007 
10604008 
10604801 
11105011 
11121001»1 
11125073 
11129166 
11129169 
11201001 
11206028 
11201030 
"'01'0l4 .. -

SCHAKE 

LEP1SOSTfUS DSSEUS 
ALOSA CHRYSOCHlORIS 
OOROSOMA «(PEDIANUM 
OOROSONA PETENENSE 
MIXED DOROSONA 
CYPR INUS CARP 10 
NOTEMIGONUS CRYSOlEUCAS 
NOTROPIS lTHERINDIDES 
PIHEPHALES NOIATUS 
PIHfPHAlfS VICILAl 
(ARPIODfS (ARPIO 
HYPENTEllUH NI'RIC'NS 
lello'US BUBAlUS 
M1NYTRfHA MELANOPS 
.. ., ·ta .., 

TNGNU" 

1.05 
0.26 

1087.88 
0.00 

· 6.98 
4" .28 

906.23 
12.61 · -

Y~GIIT 

0.0069 
37.3549 
41.b605 
15.6317 . 
0.1221 
0 .. 0165 
0.9008 
0.0302 

· . 8.68 0.6446 
38.06 0.8(160 .... ,-. 

HHNUH 

0.198 
12 .10lt 

. 
0.269 
2.528 
2.002 .., 

INTIIT 

0 .. 02321 
1.03"C,8 

AOINU" 

0.198 
0.397 

215.805 
22.093 

aOTlilT 

0.6845 
0.1440 

67.3381-
0.5924 . 

14.659 31.4700 

. . 
• 0.198 0.2341 

0.02177 0.725 0.2111 
0 .. 91997 26.482 41.4328 
0.32439 19.790 6~ _ .... -

TDTNUH TDJIIT 

0.100 0.10B 
13.75 1.185 

276.06 104.693 
lJ09.91 42.253 

0.00 J5.632 
14.66 31.470 
6.98 0.122 

44.28 0.016 
906.23 0.90 I 

72.61 ~O .030 
0.20 0.234 
0.99 0.233 

37.69 43.057 
.85_1.1_ .. 



TOTAL NUMBERS AND WEIGHT BY SIZE CLASS - YEARLY AVERAGE

- ----.------- ------- RESRV-T YEAR.72

SPECIES SCNAME YNGNUM YNGWT ININUM ININT AD0NUM ADTWT TONUM TOTvT

11210000
11210039
11210044
11210045
11301002
11301004
11301009
11303032
11506024
11602001
12201002
12201003
12300801
12307012
12307014
12307016
12307017
12307019
12307020
12308026
12308027
12309029
12309030
12400802
12403075
12404077
12405097
12501001
12905002
19000301

ROXOS7ONA SP.
ROX0S5704A CARINAIUM
HOXOSTOHA DUQUESNEi
HOXOSTOMA ERYTHRURUM
ICTALURUS FURCATUS
ICTALURUS HELAS
ICTALURUS PUNCIATUS
PYLODICTIS OLIVARIS
FUNDULUS NOTAIUS
GAMBUSIA AFFINIS
HORONE CHRYSOPS
MORONE MISSISSIPPIENSIS
MIXED SUNFISHES
LEPOMIS GULOSUS
LEPOMIS CYANELLUS
LEPONIS HUNILIS
LEPOHIS MACROCHIRUS
LEPOMIS NEGALOTIS
LEPOMIS MICROLOPHUS
HICROPTERUS PUNCTULAIUS
HICROPTERUS SALMOIDES
POMOXIS ANNULARIS
POMOXIS NIGROMACULAIUS
UNIDENTIFIED DARTER INOT
PERCA FLAVESCENS
PERCINA CAPRODES
STIZOSTEDION CANADENSE
APLODIN4UTUS GRUNNIENS
LABIDES7HES SICCULUS

0.269

0:258
0.258

1:051
0.780

32.558
1.7144
3.301

26.026
0.000

35.926
1.421
6.620

899.328
59.421
23.565

110.357
21.164
29.799

1.706
0.000

32.254
27.239

0.538
305.C69

6.602
0.000

0.00403

0:00593
0.00747

0 :00762
0 .00292
0.00000
0.00000
0.05871
0.21217
2.41127
0 .12372
0.01072
0.01534
3.76388
0.15133
0.10959
0.58993
0.16678
0.10410
0.00873
0.00000
0.53801
0 .33653
0.03253
3.87306
0 .01059
1.13357

0.269
0.198

0.581
12.315
1.064

0:269
0.258

141264
2.200
2.709

495.253
76.934
40.654
12.060
60.900
13.330

0:806
153.908

0.04032
0.03373

0.03488
0.80117
0.07590

0:02204
0.01753

0:35452
0.05389
0.01542
8.60292
1.35618
1.14979
0.25937
3.86799
0.44790

0:07500
9.72385

2.151
0.538
2.551
4.937
3.4 88

23.201
1.646

0.538

1:877
0.77 3
0.839

171.224
5.842

62.423
0.864

14.617
12.554
0.397

o

0.269
127.070

1.4153
0.1602
1.0392
2.9199
2.0971

7.1503
0.9587

0.0586

0:1909
0.0436
0.0118

11.9087
0.7093
6.7324
0.1617
4.9630
2.5449
0.0968

0:0849
24.9868

2.69
0.74
2.55
5.19
3.75
0.58

36.57
3.49

32.56
1.74
3.57

26. 82
0.00

52.07
4.39

10.17
1565.81

142.20
126.64
123.28
96.68
55.68
2.18
0.00

32.25.
27.24

1.61
586.05
6.60
0.00

1.4597
0.1939
1.0392
2.9258
2.1046
0.0349
7.9591
1.0375
0.0000
0.0000
0.0807
0.2883
2.4113
0.6692
0.1ce2
0.0425

24.2155
2.2168
7.9918
1.0110
8.9978
3.0569
0.1056
0.0000
0.5380
0.3365
0.1925

38.5837
0.0106
1.1336

0

0

0
t;4
Cl)

cl)

STIZOSTEDION)

I
- ------ - ---------------------- RESRVT7 YEARu73 --- - ------------- -

SPECIES SCNANE

10401001
10401002
10601003
10604007
10604008
10801002
11100000
11102003
11105012
11124061
11125000
11125073
11125143
11129600
11129169
11201001

LEPISOSTEUS OCULATUS
LEPISOSTEUS OSSEUS
ALOSA EHRYSOCHLORIS
DOROSOMA CEPEDIANUM
DOROSOMA PETENENSE
HIODON TERGISUS
CYPRINIDAE
CAMPOSTOMA ANOMALUM
CYPRINUS CARPID
NOIEMIGONUS CRYSDLEUCAS
NOROPIS SP.
NOROPIS ATHERINOIDES
NOROPIS SPILOPTERUS
PIEPHALES SP.
PIREPHALES VIGILAX
CARPIODES CARPIO

YNGNUM

6:48

0.65
6897.23

0.58

233.20
0.46

13.26
0.77

99.19
5.95

358.96
0.00

YNG¥T INTNUN INTWT ADTNUK AD TVT

0:0666
0 .0116

44.0884
0.0116
0.2711
0.0027

0.6902
0.0010
0.2425
0.0230
0.9767
0.0000

0.198
0.198

19.024

0.0230
0.0119
1.3435

1034:97
6.21
0.27

123:704
0.211
0.065

TOTNUM

0.20
0.20

25.50
1035.63
6903.44

0.85
233.20

0.46
21.49
13.26
0.77

99.19
5.95

358.96
0.00
0.20

21.49 48"339

TUTWI

0.023
0.012
1 .410

123.715
44.300
0.076
0.271
0.003

48.339
0.690
0.001
0.242
0.023
0.977
0.000
0.3890:20 0:389

TOTAL RUMIERS AID WEI'HT IV SIZE CLASS -- YEARLY AYERA'E 

---------------~--------------•• ------------~----.------ IIS'V-l '(IR-12 -----.------.---------------------------------~--------
SPECIES 

11210000 
11210039 
11210044 
1I21001t5 
11)01002 
11301004 
11301009 
1130)032 
11506024 
11602001 
12201002 
12201003 
12300801 
12301012 
12307014 
12301016 
12301011 
12301019 
12301020 
12308026 
12308027 
12309029 
12309030 
12400802 
12403075 
12404017 
12405097 
12501001 
lZ905002 
19000801 

SCNAME 

MoXoSIDHI SP. 
MoXOSIDHI CARINAIUM 
MOXOSIOHI DUQUESNE. 
HOXOSIDHI ERYTHRURUM 
ICIALURUS FURCIIUS 
IUALURUS HEUS 
ICTALURUS PUNCTATUS 
PVLoDICllS OLIVARIS 
FUNDULUS NDTAlUS 
GAHBUSIA IFf.INIS 
MORONE CHRYSOPS 
MORONE MISSISSIPPlfWSIS 
MIXED SUNf ISHES 
LEPOMIS GULOSUS 
LEPOMIS CYANfLLUS 
LEPoMIS HUMllIS 
LEPOMas MACROCHIRUS 
LEPO"'S ME'AlOIIS 
LEPOMIS HICROlOPHUS 
MICROPTERUS PUNCTULATUS 
MICROPTfRUS SILHOIDES 
POHoXIS INNULARIS 
POHOXIS NI&ROMICULIIUS 
UNIDENTifiED OIITIR INOI 
PERU FlIVESCENS 
PUC INA ClPRODU 
STIZOSTEDION CANADENSE 
APLODINOTUS &aUNNlfNS 
lAIIDESIHfS SICCULUS 

STUOSTEDIONI 

'NGNUM 

0.269 

. 
0.258 
0.258 . 
1.051 
0.780 

32.558 
1.144 
3.301 

26.026 
0.000 

35.926 
1.421 
6.620 

899.328 
59.421 
23.565 

110.351 
21.164 
29.799 

1.116 
0.000 

32.254 
21.239 
0.5)8 

305.C69 
6.602 
0.000 

VNGNT 

0.0040) 

. 
0.00593 
0.00741 . 
0.00762 
0.00292 
0.00000 
0.00000 
0.051171 
0.21211 
2.41121 
0.12312 
0.0 lOll 
0.01534 
3.163118 
0.15133 
0.10959 
0.511993 
0.16678 
0.10410 
0.00813 
0.00000 
0.53801 
0.33653 
0.03253 
3.81306 
0.01059 
1.1l35} 

ININUM 

0.269 
0.198 

· 0.581 
12.315 
1.064 

0.269 
0.258 . 

14.264 
2.200 
2.109 

495.253 
16.934 
40.654 
12.060 
60.900 
13.330 

· 0.106 
·153.908 

• 

'NlWT 

0.04032 
0.03313 

· 0.03488 
0.80111 
0.01590 

0.02204 
0.01753 

· 0.351,52 
0.05389 
0.01542 
8.60292 
1.35618 
1.14919 
0.25937 
3.86799 
0.44190 

· 0.01500 
9.12385 

ADTNUH 

2.lSl 
0.538 
2.551 
4.937 
3.488 . 

23.201 
I.U6 

0.538 

1.811 
0.713 
0.839 

171.224 
5.1142 

62.423 
0.864 

14.611 
12 .551t 
0.391 

. 
0.269 

121·910 

IDTVI 

1.4153 
0.1602 
1.0392 
2.9199 
2.0911 

· 1.1503 
0.9581 

· 0.0586 

· 0.1909 
0.0436 
0.0118 

11.9081 
0.1093 
6.1324 
0.1611 
4.9630 
2.5"49 
0.0968 

· 0.0849 
24.9868 

TOINUK 

2.69 
0.14 
2.55 
5.19 
3.15 
0.58 

36.51 
3.49 

32.56 
1.14 
].51 

26. 112 
0.00 

52.07 
4.39 

10.11 
1565.111 

142.20 
126.64 
123.28 
96.68 
55.68 

2.18 
0.00 

32.25. 
27.24 

1.61 
586.05 

6.60 
0.00 

lD1VT 

1.4597 
0.1939 
1.0392 
2.9258 
2.1046 
0.0349 
1.9591 
1.0375 
0.0000 
0.0000 
0.0801 
0.2683 
2.4113 
0.6692 
0.1082 
0.01,25 

24.2155 
2.2168 
1.9918 
1.0110 
8.9918 
).0C;69 
0.1056 
0.0000 
0.5380 
0.3365 
0.UZ5 

38.5831 
0.0106 
1.1336 ~ 

.. 1:>:1 

--------------------------------------~---------------- IES.I-l 
_________________________________________________________ ro 

SPEC IES 

10401001 
1040J002 
10601003 
10604001 
10604008 
10801002 
11100000 
11102003 
11105012 
11124061 
11125000 
11125073 
11125143 
11129000 
111l'169 
IUOIOOl 

SCUHE 

LEPISDSTEUS O(UlllUS 
lfPISOSTEUS OSS£US 
IlOSI (HRYSOCHLORIS 
DOROSD"A C(PtDII~U" 
DUROSO"A P(IEHENSE 
HIDDON TfRGISUS 
(YPR INIDIE 
(AMPoSTOMA INOMALU" 
CYPRINUS (ARP 10 
NDTEHIGONUS CRYSDlEUCAS 
N01ROPIS SP. 
NDlloPIS AIHERINDIDfS 
NDIRoPIS SPILOPlERUS 
PIMEPHALU sr. 
PIREPHAlES YJ51lAX 
CARPIODES CARPIO 

6.4' 
0.65 

'191.23 
0.58 

233.20 
0.46 

13.26 
0.11 

99.19 
5.95 

358.96 
0.00 

• 

YNGWl 

· 0.0666 
0.0116 

44.0884 
0.0116 
0.2711 
0.0021 

· 0.6902 
0.0010 
0.2425 
0.0230 
0.9161 
0.0000 
• 

INTHUM 

0.198 
0.191 

19.024 

• 

• 
• 

• 
• 

INTIllT 

0.0230 
0.0119 
1.3435 

• 

• 

• 

• 
• 

AOlNUM 

· 1034.97 
6.21 
0.27 

· 21.49 

· o.zo 

lOT'" 

· IU.104 
0.211 
0.065 

· U.339 

• 
0.)19 

0.20 
0.20 

25.50 
1035.63 
6903.44 

0.85 
233.20 

0.46 
21.49 
13.26 
0.11 

99.19 
5.95 

358.96 
0.00 
0.20 

TOIW1 

0.023 
0.012 
1.410 

123.115 
44.300 
0.016 
0.211 
0.003 

48.339 
0.690 
0.001 
0.2~2 
0.023 
0.911 
0.000 
0.389 



TOTAL NUMBERS AND MEIGHT ST SIZE CLASS

YEAR=73 -

YEARLY AVERAGE

-
RESRV=7 ------ -- - ----- - - -------

SPECIES SCNAME YNr-NUH YNGWT MNINUM INTWT ADTNUH ADIT

11206028 HIPENIELIUN NIGRICANS
11207030 ICTIOBUS BUBALUS 1:74 0:15814
11209034 HINYTRENA MELANOPS 162.46 3.27002
11210000 NOXOSIOMA SP.
11210033 NOXOSTOMA NACROLEPIDOTUN
11210045 NOXOSTONA ERYTHRURUM 0:.2 0.03170
11301002 ICTALURUS FURCATUS
11301009 ICTAtURUS PUNCIATUS 1:23 0:00833
11303032 PYLODICTIS OLIVARIS 1.03 0.00825
11500000 CYPRINODONTIDAE 154.57 0.20108
11506026 FUNOULUS OLIVACEUS 0.20 0.00020
11602001 GAMBUSIA AFFINIS 2.33 0.00465
12201002 MURONO CHRYSOPS 13.96 0.14743
12201003 MORONE HISSISSIPPIENSIS 16.65 0.19050
12302003 ANBLOPLIIES RUPESIRIS 1.29 0.00490
12307000 LEPOHIS SP. 0.00 0.00000
12307012 LEPOHIS GULOSUS 195.94 0.97024
12307014 LEPONIS CVANELLUS 20.22 0.15254
12307016 LEFOMIS HUMILIS 21.45 0.05833
12307011 LEPONIS NACROCHIRUS 2214.82 5.82335
12307019 LEPORIS NEGALOTIS 312.39 0.8843S
12307020 LEPONIS NICROLOPHUS 614.75 4.17152
12308026 HttROPTERUS PUNCTULATUS 49.31 0.27022
12308027 MICROPTERUS SALMOIDES 66.45 0.46356
12309029 PU&MXIS ANNULARIS 24.31 0.07568
12403075 PERCA FLAVESCENS 23.41 0.82621
12404077 PERCINA CAPRODES 67.31 0.84142
12405097 SIIZOSTEOIUN CANADENSE 2.23 0.14021
12501001 APLODINOTUS GRUNNIENS 228.57 1.96002
12905002 LABIDESTHES SICCULUS 184.75 0.24037
19000601 11.08 0.01392

.------------------ - -- ----------- RESRV

0.397
1 .388
7.131
1.882
0.538

0.515
12.072
0.713

1.333
4.651
3.351

9.398
1.892

13.822
374.952
59.204
36.641
5.749

69.086
15.290

0:581
307.132

Y EAR.74

0.0641
0.4061
1.0710
0.2927
0.0524

0.0464
0.7240
0.1332

0.0665
0.2721
0.0214

0.2331
0.0452
0.1182
6.9739
1.1195
0.9053
0.2253
4.5632
0.6483

0:0866
15.6923

0.397
21.207
17.556
0.269

4.784

29.678

4.104

1.119

0.258

8.172

0.269

186.171
3.295

43.595
0.806

26.925
16.301

2 :594
125.745

0.1542
40.7401

5.8903
0.3524

3.3460

9.3957

2.1100

0:22403

0.0080

0 :7832
0.0183

12.1325
0.2100
5.1702
0.1220
6.5372
2.8708

0:5862
21.2718

TOTNUM

0.79
24.34

187.14
2.15
0.54
5.30
0.52

42.98
5.91

154.57
0.20
2.33

16.42
21.30
4.90
0.00

213.51
22.38
35.27

2775.94
374.89
694.98
55.87

162.46
55.90
23.41
67.31
5.40

661.45
184.75
11.08

TOTUT

0.2188
41.3043
10.2393
0.4452
0.0524
3.3777
0.0464

10.1281
2 2515
0.2011
0.0002
0.0047
0.4543
0.4626
0.0343
0.0000
1.9945
0.2160
0.1765

24.9297
2.2136

10.2470
0.6175

11.5639
3.5948
0.8262
0:.84 74
0 .8130

38.9242
0 .2404
0.0139

0
raC--

ýg

0

0

0
0

0

Ci2

(D

t~j
U)

\J1

H

---------------- -

SPECIES SCNAHE

10401001 LEPISOSTEUS OCULATUS
10401002 LEPISOSTEUS OSSEUS
10601003 ALOSA CHRYSOCHLORIS
10604007 DOROSONA CEPEDIANUM
10604008 DOROSONA FETENENSE
10801002 HIODON TER6ISUS
11102003 CARPOSTONA ANONALUN
11105012 CYPRINUS CARPIO
11114052 HYBOPSIS STORERIANA
11124061 NO0ENIGONUS CRYSOLEUCAS
11125073 NOTROPIS ATHERINUIDES
11125084 NOTROPIS BUCHANAN1
11125143 NOTROPIS SPILOPTERUS
11125160 NOIROPIS CHYRSOCEPHALUS

YNGNUM VNGUT INTNUN 11hlT AOTNUM AOT T

0.46 0.1481

0:47
5.23

1989.11

0:0037
0.0715

27.6819

0:27 0:0013

2:86 0.0143
5.81 0.2721
4.33 0.0085
2.42 0.0022
3.63 0.0081
5.91 0.0156

olm76 mmImWh7 o lf,

0.397
2.348

0:269

0.515

0.04921
0.29912

0:05645

0.09536

4:166
736.932

3.102

8.277

1:027
105.825

0.137

20.152

T07NUK

0.46
0.40
6.98

.742.16
1992.22

0.27
0.27
8.79
2.86
5.81
4.33
2.42
3.63
5.91

0.148
0.049
1.330

105.897
27.819

0.056
0.001

20.248
0.014
0.272
0.008
0.002
0.008
0.016

imr..h a

TOT T

A- mm m 73(om.

TOTAL NU"BERS AID WEI&Hl tY SIZE CLASS -- YEARLY AVERAGE 

-------------------------------------------------------- .'SRI-l HU-n ---------------------------------------------------------
SPitlES SCHAME YMf.NUM 1N&"T JtONUM INTIIT AOTNU" IDlIIT lOTNUM T01WT 

11206028 HYPE.1ElIU" NIGRICANS • • 0.)91 0.064 1 0.397 0.lS42 0.79 0.2188 
11201030 ICTJOBUS BUULUS 1.14 0.15814 1.388 0.4061 21.207 40.11001 24.34 41.3043 
11209034 MINY1REHA "ELANOPS 162.'" 3.21802 1.131 1.0110 11.556 5.8903 187.1" 10.239] 
11210000 "OXOS10RA SP. 1.882 0.2921 0.269 0.152" 2.15 0.4452 
112100)1 "OXOSTORA "ACROlEPID01UM · 0.511 0.0524 0.54 0.05210 
11210045 "OXOSTO"A ERYTHRURU" O.~Z 0.03110 • 4 .18" 3.3460 5.30 3.3111 
11301002 l(lALURUS FURCA1US 0.515 0.0464 · 0.5l 0.0464 (") 
11301009 ICTAlURUS PUNCTAIUS 1.23 0.00833 12.012 0.7240 29.618 9.3951 42.98 10.1281 

~ 11303032 PYlODICTIS OLIVARIS 1.03 0.008l5 0.773 0.1332 " .10" 2 .1100 5.91 2 .2515 
1 1500000 CYPR INODONTJDAf 15" .51 0.20108 1510.57 0.2011 
11506026 FUNDULUS OLIVACEUS 0.20 0.00020 0.20 0.0002 1-3 

11602001 UMBUS IA An IN IS 2.33 0.00465 · · · · 2.33 0.00"1 ~ 
12201002 MORONI CHRYSOPS 13.96 0.1"7"3 1.333 0.0665 1.119 0.2403 16.42 0.4543 

~ 
12201003 "DRONE MISSISSIPPIENSIS 16.65 0.19050 " .651 0.2121 · · 21.30 0.4626 
12302003 ~"8l0Plll(S RUP(SIRIS 1.29 0.00490 3.351 0.Ol14 0.258 0.0080 4.90 0.0343 
12307000 LtPDMIS SP. 0.00 0.00000 · · · · 0.00 0.0000 
12301012 LE'OMIS f,UlOSUS 195.94 0.91824 9.398 0.2331 8.112 0.7832 213 .51 1.9945 

~~ 12307014 LEPOMIS ClAHElLUS 20.22 0.1525" 1.892 0.0452 0.269 0.0183 22.38 0.2160 
12301016 LfPDMIS HUM IllS 21.45 0.05833 13.822 0.1182 35.21 0.1165 t:-< 
12307011 lfPD"IS "ACROCHIRUS 221" .82 5.8233S 314.952 6.9139 186.171 12 .1325 2775.94 24.9297 (")t:j 

12307019 LE'D"IS "('AlOlIS 312.39 0.88415 59.20"" 1.1195 3.295 0.2100 37" .89 2.2136 0 

12307020 LEPO"'S "ICRDLOPHUS 614.15 4.11152 36.641 0.9053 43.595 5.1102 694.98 10.2"70 
.;:j ~ 

VI 
12308026 "t~ROPltRUS PUNCTUlA1US 49.31 0.27022 5.749 0.2253 0.806 0.1220 55.81 0.6175 ::01 
12308027 ~I~RO'TERUS SAl"OIDES 66.45 0.46356 69.086 4.5632 26.925 6.5172 162.46 11.5639 O~ 

12309029 PUMOXIS ANNUlARIS 24.31 0.01568 15.290 0.6483 16 .301 2.8108 55.90 3.59'.8 ~+:-

12403015 PERU FLAVESCUS 23.41 0.12621 23.41 0.8262 !2l • • 0 
12404077 PIRCINA CAPRODtS 61.31 0.84742 61.31 0.8474 z 
12405097 STIZOSTEDIOH CANIDENSE 2.23 0~14021 0.581 0.0866 2.594 0.5862 5.40 0.8130 

tzj 

12501001 APlODINOTUS 'RUNNIENS 221.57 1.96002 307.132 15.692] 125.145 21.2111 661.45 38.9242 (.~ 

12905002 LAIIDlSIHtS SlCCUlUS 114.75 0.24031 184.75 0.2404 ~ 19000801 n.08 0.01191 11.08 0.0139 t:-< 
tzj 
en 

__________________________ • _____________________ • ___ IIS.I-} 
lUR-llt ---------------------------------------------------------

, 

SPECIES SCNAME YNGNUM YNCOll1 lN1NU" armn AOTNU" AD1VT TDlNUM TO HIT 

10401001 lEPISDSTEUS OCUlA1US 0.46 0.1481 · • 0.46 0.148 
10401002 LfPISOSlfUS OSSEUS . · 0.397 0.04921 . · 0.40 0.049 
10601003 ALOSA CHRYSDCHlORlS 0.47 0.0031 2.348 0.29912 " .166 1.027 6.98 1.330 
10604007 DDROSO"A CEPEDIANUM 5.23 0.0715 • 136.932 105.825 .142.16 105.891 
10"04008 OOROSO"A rEIENENSE 1919.11 27.6119 · · 3.102 0.131 1992.22 27.819 
10801002 HIDDDN lER'ISUS 0.269 0.05645 0.27 0.056 
11102003 CA"POS10"A AHOMALUM O.Zl o.oon · · 0.21 0.001 
11105012 "PRIMUS CARPIO . · 0.515 0.09536 8.271 20.152 8.19 20.248 
11114052 HYBOPSI~ STORERtAHA 2.86 0.0143 • 2.86 0.014 
11124061 NOTE"IGDNUS CRYSOlEUCAS 5.81 0.2121 • 5.81 0.212 
11115073 N01ROPI~ I1HfRINOIDES 4.33 0.0085 • 4.33 0.008 
11125084 NDT'DPI~ BUCHANANI 2.42 0.0022 • 2.42 0.002 
11125143 "OTlOPI1 SPILOPTERUS 3.63 0.0081 • • 3.63 0.008 
11125160 N0110PIS CHRYSDCfPHAlUS 5.91 O.OlS6 • • 5.91 0.016 

-..&. .~." ___ ."~",,,,,c: v ........ v -.... .u-.76 -..D.l ....... ~ - ~ ....... ~ .-.13~ ...ca....ilt.8 _ -



TOTAL NUMBERS AND WEIGHT BY SIZE CLASS -- YEARLY AVERAGE

- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ m -- - - - - - - - - - - - - - - - - - - RESRVw7 YEARa7'------------------- ------ -

SPECIES SCRAME

11207030
11209034
11210039
11210045
11301009
11303032
11506026
12201002
12201003
12307000
12307012
12307014
12307016
12307017
12307019
12307020
12308026
12308027
12309029
12402012
12403075
12404077
12405097
12501001
12905002
19000801

ICTIOBUS BUBALUS
MINY7REMA MELANOPS
MNDXSIOMA CARINATUN
NOXOSIOMA ERYTHRURUM
ICTALURUS PUNCTA7US
PYLODICTIS OLIVARIS
FUNOULUS BLIVACEUS
MORONE CHRYSOPS
MORONE HISSISSIPPIENSIS
LEPHMIS SP.
LEPOMIS GULUSUS
LEPOMIS CYANELLUS
LEPOMIS HUMILIS
LEPOMIS MACROCHIRUS
LEPOHIS MEGALOTIS
LEPOMIS HICROLOPHUS
HICROPTERUS PUNCTULATUS
HICROPTERUS SALMOIDES
PONOXIS ANNULARIS
ETHEOST70A CAERULEUN
PERCA FLAVESCENS
PERCINA CAPRODES
SIZOSTEDION CANADENSE
APLODINOTUS GRUNNIENS
LABIDESTHES SICCULUS

YNGNUN

23:706
0.258
7.460
0.515

4,.205
2.611
6.630
0.000
4.023
0.853
0.581

633.678
123.020
42.925
69.780
27.572

0.$95
0.773
8.305

23.129
1.386

27.104
12.570
0.000

YNGIT IN7fNUM INIWT ADTNUM ADTMT

0:35463
0.01186
0.11353
0.00593

0:00633
0.03706
0.11248
1.12887
0.01204
0.00466
0.00116
1.04119
0.29732
0.15168
0.29878
0.12698
0.00179
0.00077
0.43426
0.30299
0.07047
0.22472
0.01939
0.76160

26:160

0.538
3.210
0.736

1:917

3 :SO8I

1.647

296 :850
73.492
62.884
7.849

20.435
2.141

0:258
165.604

3.52120

0.05860
0.19554
0 .08160

0.13787

0.06572
0.02563

4:52192
1.07917
1.40557
0.31774
1.72374
0.067111

0:01965
7.11236

6.398
39.104

5.729
8.411
2.403

0.850

0o 976

105 .549

3.701
61.856
4.709

19.070
7.148

0o850
62.017

12.3070
13.0236

4 :6027
3.8707
1.2323

0.1628

0.-0734

5:5246
0.1698
6.6856
0.7694
4.9037
1.1300

0:1920
10.2732

TOTNUN

6.40
88.97
0.26

13.73
12.14
3.14
4.21
3.46
8.55
0.00
6.59
2.50
0.58

1036.08
200.21
167.67
82.34
67.08

9.88
0.77
8.30

23.13
2.50

254.72
12.57
0.00

12.3070
16.6996
0.0119
4.7748
4.0722
1.3139
0 .0063
0 .1998
0.2504
1.1289 H
0.1511
0:.030 3
0.0012 0

11.0877
1.5463
8.2429 1
1.3849 0
6.7544.
1.1969
0.0008 o
0.4343
0.3030 %n
0.2823 • I

18.2103 0 -
0.0194

0.7616 0

TOTWII I:-
txj

0.0988 Cl

0.0381
0.4528

90.5087
26.64443

0.0204
28.9335
0.0201
0.1522
0.0601
0.1281
0.0190
0.0009
0.0030
3.5568
0.0245

19.0259
1.1203

10.3531
0.7754

TOTWT

--------------------------------- --- REIRV=l VEAR=iS

SPEC IES SCNAME YNGNUR YNGST INTNUN INTVT

10401001
10401002
10601003
10604007
10604008
11100000
11105012
11114052
11124061
11125000
11125073
11125143
11125159
11125160
11129169
11206028
11207030
11207031
11209034
11210000

LEPISUSTEUS OCULATUS
LEPISOSTEUS OSSEUS
ALOSA CHRYSOCHLORIS
DOROSONA CEPEDIANUN
DOROSONA PETENENSE
CYPRINIDAE
CYPRINUS CARPID
HYBOPSIS STORERIANA
NOIENIGONUS CRYSOLEUCAS
NOIROPIS SP.
NOIROPIS ATHERIROIDES
NO1IOPIS SPILOPIERUS
NOIROPIS EMILIAE
NOIROPIS CHRYSOCEPHALUS
PIMEPHALES VIGILAX
HYPERIELIUN NIGRICANS
ICIlOBUS BUBALUS
ICTIOSUS CVPRINELLUS
NINVIRENA RELANOPS
MOKOSIONA SP.

0.60 0.0405 0.595
0.258

109:44 1:4094 0.?IS

2068.04 22.5759
20.43 0.0204

3:79 0:0201
12.25 0.1522
48.06 0.0601
54.04 0.1281
11.84 0.0190
0.91 0.0009
1.61 0.0030 -

3397.4S 3.5568

1.79 0o1548 0.783

10.:1 0:1667 10:983
42.90 0.7754

0.05833
0.03814
0 .06196

0:.02448

0 .16159

1:40267

ADOTNU

1:675
946.200
122.961

12.648

6.386
0.188

19.720

AOTWT

0:3908
89.0993
4.0684

28:9335

18.7095
1.1203
8.7838

TOTNUM

1.19
0.26
2.39

1055.64
2191.00

20.43
12.65
3.79

12.25
48.06
54.04
11.84
0.91
1.61

3397.45
0.26
8.96
0.19

41.42
42.90

TOTAL NUMBERS AND VEIGHT 8Y SIZE CLASS -- YEARLY AVERAGE 

-------------------------------------------------------- RESIV-l YUR-71t ---------------------------------------------------------
SPEC IES SUAHE INGNUM INGVT INltlUM INlWt AOINUM AOTIIT lOlNUM TO Tin 

11207030 ICTIOBUS BUBALUS . . · · 6.398 12 .1070 6.40 12.3070 
1120903le MINTIREMA MELANOPS 23.706 0.3546) 26.160 3.52120 39.104 13.0238 88.91 16.8996 
11210039 MO.OSI0MA (AIINATUM 0.258 0.01186 · · 0.26 0.0119 
11210045 MO.OSI0MA ERTIHRURUM 1.460 0.11353 0.538 0.05860 5.729 4.6021 13.13 1t.1H8 
11301009 l(lALURUS PUNC1AlUS 0.515 o .Or)593 3.210 0.19554 8.411 3.8107 12.14 4.0722 
11303032 PYLOOICllS OLIYAIIS 0.736 0.08160 2.403 1.2323 3.14 1.3139 
11506026 FUNDULUS OLIVACEUS 4.205 0.01.)633 · · 4.21 0.00b) 0 
12201002 MORONE CHRYSOPS 2.611 0.03706 0.850 0.1628 3.46 0.1998 ~ 12201003 MORONE HISSISSIPPIENSIS 6.630 0.11248 1.911 0.13781 8.55 0.2504 
12301000 UPOH IS SP. 0.000 1.12881 · · · · 0.00 1.1289 1-3 
1Z301012 LEPOHlS C;ULOSUS 1t.023 0.0120le 3.581 0.06512 0.978 0.0734 8.59 0.1511 ~ 12307014 LEPDH IS CYlNElLUS 0.853 0.00466 1.6lt7 0.02563 2.50 0.0303 
1230701& LEPDH IS HUHILIS 0.581 0.00116 0.58 0.0012 0 

12301017 LEPOHlS MACRO(HIRUS 633.678 1.04119 296.850 4.52192 105.51,9 5.5246 1036.08 H.0877 ~ 12307019 LEPOHIS "EULOl IS 123.020 O.l97ll 73.492 J .01911 3.701 0.1698 200.11 1.5463 C 12301020 LEPOHIS MICROlOPHUS 42.925 0.15168 62.884 1.40557 61.856 6.6856 167.61 8.2429 1-3 
12301016 MICRDPIERUS PUNCTULATUS 69.180 0.29818 1.8,.9 0.31714 It .109 o .lb84 82.34 1.3849 1-3 
12308027 "ICRDPTERUS SALHOIDES 27.572 0.12698 20.le35 1.7231" 19.070 4.9037 67.08 6.7544 ~6; 
12309029 PD"DXIS ANNULARIS 0.595 0.00179 2.141 0.06711 1.148 1.1300 9.88 1.1989 t-i 

Ot>::! 12402012 El~EDS10MA CAERUlEUM 0.773 0.00077 0.17 0.0008 0 
12403075 PERCA FLAVESCENS 8.305 0.,.3428 8.30 0.4343 t;3~ 
12404071 PUUNA UPRODES 23.129 0.30299 · · · · 23.13 0.3030 V1 
12405091 511l0STEDION CANADENSE 1.388 0.07047 0.251 0.01985 0.850 0.1920 2.50 0.2823 !XlI 
12501001 APlODINOTUS C;RUNNIENS 21.104 0 .. 22472 165.60~ 1.11236 62.011 10.2732 254.72 18.2103 

01-' 

12905002 lABIDESTHES SICCULUS 12.570 0.0193' • 12.51 0.0194 ~V1 
19000101 0.000 0.76160 0.00 0.7616 0 

2: 
t>::! 

-----------------------------------------------------.-- RES •• -l YfAR-15 ---------------- -------------t 
SPEC IES S(UKE INGNUM '"'MT ININUM INTn ADTNUH AOTVT TOTNUK 10T.,T t-i 

t>::! 

10401001 LEPISOSnUS DCUU1US 0.60 0.0405 0.595 0.05833 1.19 0.0988 
(J) 

10401002 lEPISDSTEUS OSSEUS 0.258 0.03814 · 0.26 0.0381 
10601003 AlOSA CHRYSOCHLDRIS 0.715 0.06196 1.615 0.3908 2.39 0.4528 
10M4007 OUROSO"A CfPEDIINUM 109.4" 1.40910 9"6.200 89.0993 1055.610 90.5087 
10604008 DOROSOKA PETENENSE 2068.04 22.57S9 122.961 4.0684 2191.00 26.6 .. 43 
11100000 CYPRINIDAE 20.1t] 0.020" 20."3 0.0204 
11105012 (YPRINUS CARPIO · • 12.6/01 28.9315 12.65 28.9335 
11114052 HIBOPSIS stORER lANA ].79 0.0201 3.79 0.0201 
11124061 N01EHI'ONUS CRYSDLEUCAS 12.25 0.1522 12.25 0.1522 
11125000 NOTROP IS SP. 48.06 0.0601 48.06 0.0601 
l11l5013 NDlROP1S .1HERIROIDES 54.04 0.1281 54.010 0.1281 
1112514) N0110PIS SPILOPIERUS 11.14 0.0190 11.810 0.0190 
11115159 NOI10PIS EMILIIE 0.91 0.0009 0.91 0.0009 
11125160 N0110PIS CHRTSOCfPHALUS 1.61 0.0030 1.61 0.0030 
11129169 PIMEPHAlES 'IGllAX Un.1t5 3.5568 · · 3397.45 3.5568 
11206028 HYPEN1EliUM MIGRICANS . • 0.258 0.02441 · 0.26 0.0245 
11201030 ICtl08US BlIBlLUS 1.79 0.15.41 0.183 0.16159 6.386 18.7095 8.96 19.0259 
IlZ010n ICTIDIUS ,'PRINELLUS . · · · 0.188 1.1203 0.19 1.1203 
IlZ0903" "INltREMA MELANOPS 10.71 0.1667 10.983 1.40267 19.720 '.78]8 41.42 10.3531 
11210000 MOICOS10Kl SP. 42.90 0.7154 42.90 0.17510 



TOTAL MUtICERS A£D WEIGHT BY SIZE CLASS -- YEARLY AVERAGE

. . .. . ..... . ... . . . . .. ..... .... RESAV-7 YEARa75

SPECIES SCRANE YNCNUM YNGVI ININUM INTUT AO0NUM ADTWT TOTNUN TOTWT

11210045 NOXO$SONA ERYTlRURUM 0 1.053 0.12253 0.457 0.17041 1.5! 0.2929
11301002 ICTALURUS FURCAIUS 0.26 0.00129 * 0.26 0.0013
11301005 ICIALURUS NATALIS 0:258 0:10284 0.26 0.1028
11301009 ICTALURUS PUNCTATUS 1:03 0:00593 2:390 0:11345 10.266 4.13267 13.69 4.2521
11303032 PYLODICTIS CLIVARIS 0.77 0.00309 1.561 0.24101 0.864 0.35741 3.20 0.6015
11506026 FUNDULUS BLIVACEUS 1.08 0.00108 1.08 0.0011
12201002 HORONE CHRYSOPS o. :.269 006o022 0.27 0.0602
12201003 NORONE MISSISSIPPIENSIS 19.37 0.33274 12:011 0:93732 2.014 0.26403 33.39 1.5341 0
12307000 LEPORIS SP. 6.73 0.00776 6.73 0.0078
12307012 LEPI~eS GULOSUS 38.26 0.06906 4:671 0:07518 2:824 0.28072 45.77 0.4250
12307014 t[PORIS CYANELLUS 0.60 0.00179 . . 0.60 0.001
12307016 LEPONIS HUNILIS 0:258 0:00129 0.26 0.0013
12307017 LEPOMIS MACROCHIRUS 4073.61 5.43524 237.089 3.92611 108.316 5.80495 4419.62 15.1663 0
12307019 LEPONIS MEGALOTIS 488.19 0.93568 48.231 0.80394 0.645 0.03818 537.07 1.7778
12307020 LEPOMIS MICROLDPHUS 160.80 0.54351 17.086 0.40452 62.773 6.80495 240.66 7.7530
12307801 HYBRID LEPOMIS SPP, 0.38 0000226 0.752 0.01071 1.13 0.0130
12308026 NICROPTERUS PUNCTULATUS 73.26 0.22877 2.309 0.06657 1,337 0:27835 76.91 0.5737
12308027 MICROPTERUS SALMOIDES 65.56 0.26275 23.820 1.65685 17.354 6.29605 106.74 8.2157 j
123090'9 POMOXIS ANNULARIS 1.13 0.00399 4.309 0.27160 7.803 1.05249 13.25 1.328112309030 PO1 5 NIGRDHACULATUS$. . . . 0.752 0.12632 0.75 0.1263 o

12402000 EPIEOSIOMA SP. 0.80 0.00080 .... 0.80 0.0008
12402060 ETHEOSTOMA SPECIABILE 0.75 0.00075 .... 0.75 0.0008
12403075 PERCA FLAVESCEFS 4.36 0.08787 .... 4.36 0.0879 0
12404077 PiRCINA CAPROOES 19.70 0.17169 19.70 0.1717 t4
12405097 SIIZOSTEOIGN CANADENSE 0.27 0.01505 1:459 0:20889 0:188 0:03346 1.92 0.2514
12501001 APLOOINOTUS GRUNNIENS 33.06 0.29906 68.257 3.97296 37.145 8.04076 139.26 12.3128
12905002 LABIDESTHES SICCULUS 73.02 0.10522 * • . . 73.02 0.1052

.co
C12

Sam mama mom&

_10 mon -wwo -mum -oom af .- - -

TOTAL MUtl!!EIU AND WE ICiHT BY Sile CLASS •• YEARLY AVE.AGE 

------------------------~---.----------------------.---- RESRV-) HARan --------------------------~-------------------------.----
SPUIES SCftAME ',.'HUH YH'1I1 IUNUN I NTIIIT A01NU" lDTW1 TOTNU" 10TW1 

112100"5 "O)OSJOHA UnHaURUN · • 1.053 O.U253 0.0\51 0.J101e! J .51 0.Z9Z9 
11301002 ICTALURUS FURCAlUS 0.26 0.00129 • • · · 0.16 0.0013 
11301005 ItTALURUS NATALlS · . 0.258 0.10284 0.26 0.1028 
11301009 IC1ALURUS PUNC1ATUS 1.0) 0.00593 2.390 0 .. 113"5 10 .. 266 4.13261 13.69 0\.2521 
J 1303032 PYLODICTIS OLIVARIS 0.11 0.00309 1.561 0.20\101 0.86" 0.35141 3.10 0.6015 
11506026 FUNDULUS OLIVACfUS J .08 0 .. OGI08 · · 1.08 0.00 II 
12201002 HoRONf CHRYSOPS · .. • O.Z69 0.06022 0.27 0.0602 0 
1220100) "DRONE MISSISSIPPIENSIS ".n 0.33274 12.011 0.93132 2.01" 0.2640) 33.39 1.5341 

~ 12301000 UPDMIS SP. 6.73 0.0071. · .. · 6.13 0.0018 
12301012 LEPDtUS GUlOSUS 38.21 0.06906 " .611 0.01511 2.824 0.28012 45.17 0.4Z50 C 
12301010\ lEPO"IS CYANElLUS 0.60 0.00179 0.60 0.0018 1-3 

tx1 
12301016 lfPOMI5 HUUlI S · 0.25. O.OOll9 · · 0.26 0.0013 tJj 

12307011 lEPOHIS HACROCHIRUS 4073.41 5.4352" l37.819 3.92611 108.316 5.80495 ""19.62 15.lbU 0 
12307019 lEPDMIS MfGAl011S 0\88.19 0 .. 93561 0\8 .231 0 .. 80394 0.645 0.03118 537.01 1.1718 S 
12307020 lEPOHI5 HICRDlDPHUS 160.80 0.54]5i 11 .. 086 0.40452 62.11) 6.80495 240.66 7.1530 'U 
12307801 HYBRJD lEPOMI5 5PP. 0.38 0.00226 0.152 0.01011 · · J .U 0.0130 ~ 
12308026 MICRDPTERUS PUN(TULATUS 73.26 0.22871 Z .309 0.06651 1.331 0.21835 16.91 0.5731 1-3 
12308027 MICRDPTERUS SAL"OIDES 65.56 0 .. 2611S 23.1l0 1.65615 17.35" 6.29605 106.14 8.2157 ~G; 
J 23090'9 PDMDXIS ANNULAR IS 1.13 0.00399 ',.309 0.21160 1.803 1.05249 1l.25 1.328 I I;-i 

12309030 PDMOXIS NIGRD"ACUlATUS 0.152 0.12632 0.15 0.1263 
Ot<j · .. 0 

12402000 (1"EOSTOHA SP. 0.80 0.00080 .. 0.80 0.0008 ~~ 
12402060 (T"EOSTO"A SP(C1ABlll 0.15 0.00015 .. 0.75 0.00011 Vl 

J2403015 PfRCA flAVEseENS 4.36 O .. on87 • It .36 0.0879 ~I 
Of-J 

12404011 p,RelNa CAPRUOES 19.10. 0 .. 11169 .. · · 19.70 0.1117 1-30\ 
12405091 stlZOSTEOloa CANAOENSE 0.21 0.01505 1.459 0.20819 0.118 0.033'-6 ).92 0.2514 t<:I 

~ 
12501001 APlOOINOTUS GRUHNIENS 33.86 .0 .. 2'906 68.257 3.9129. 37.145 1.01e016 139.26 12.3128 0 

12905001 laBIDESTH(S SICCUlUS 13.02 0 .. J0522 13 .. 02 0.1052 ~ • • .. tx1 
en 

~ 
t-' 
tx1 en 

-- --- - - - .-.-
- .-.-. 



SIZE DISTRIBUTION PER HECTARE For Chickamauga Reservoir, 1976

NUMBER WEIGHT NUMBER INTER-
COMMON YOUNG- YOUNG- INTER- MEDIATE ADULT ADULT TOTAL TOTAL

SPECIES 14AME OF-YEAR OF-YEAR MEDIATE HEIGHT NUMBER HEIGHT NUMBERS WEIGHT

12307017 BLUFGILL 5,812.9 7.74 674.5 9.07 186.8 11.16 6,674.2 27.97
10604008 THREADFIN SHAD 3,401.9 10.91 .0 .00 .0 .00 3,401.9 10.91
10604001 GIZZARD SHAD 1,140.3 9.78 .0 .00 844.9 103.45 1,985.2 113.23
11129169 BULLHEAD MINNOW 1,974.2 1.72 .0 .00 .0 .00 1,974.2 1.72
12307019 LONGEAR SUNFISH 867.5 1.85 188.9 2.61 4.7 .22 1,061.2 4.68
12307020 REDEAR SUNFISH 187.5 .60 62.8 1.50 93.8 9.15 344.1 11.25
12501001 FRESHWATER DRUM 77.8 .55 125.6 7.13 119.9 18.85 323.3 26.53
12905002 BROOK SILVERSIDE 216.6 .23 .0 .00 .0 .00 216.6 .23
11125143 SPOTFIN SHINER 212.0 .22 .0 .00 .0 .00 212.0 .22

12308026 SPOTTED BASS 124.5 .55 9.4 .28 1.3 .21 135.2 1.04
11124061 GOLDEN SHINER 87.3 1.45 .0 .00 .0 .00 87.3 1.45
12308027 LARGEMOUTH BASS 38.8 .21 34.6 1.30 13.5 5.87 86.9 7.38
11125073 EMERALD SHINER 80.8 .19 .0 .00 .0 .00 80.8 .19
12307000 77.6 .09 .0 o00 .0 .00 77.6 .09
12307012 WARMOUTH 54.6 .08 12.3 .23 5.7 .44 72.6 .75
12201003 YELLOW BASS 48.1 .19 8.8 .59 3.8 .45 60.7 1.24
11209034 SPOTTED SUCKER 15.3 .28 3.1 .51 35.1 17.41 53.6 18.20 ý
12309029 WHITE CRAPPIE 26.5 .08 14.7 .23 7.6 1.21 48.9 1.51 0
10604000 48.5 .01 .0 .00 .0 .00 48.5 .01
12404077 LOGPERCH 47.8 .36 .0 .00 .0 .00 47.8 .36
12403075 YELLOW PERCH 32.2 .47 .0 .00 .0 .00 32.2 .47 q
11301009 CHANNEL CATFISH 1.6 .00 6.3 .32 17.7 11.98 25.6 12.30 •
11105012 CARP .0 .00 .2 .05 22.2 46.31 22.4 46.36 1 n

11506024 BLACKSTRIPE TOPMINNO 20.4 .02 .0 .00 .0 .00 20.4 .02 0 H
12307013 REDPREAST SUNIFISH 15.6 .03 2.3 .03 .0 .00 17.9 .06 ý-3
11602001 MOSOUITOFISH 16.8 .02 .0 .00 .0 .00 16.8 .02
11125152 MIMIC SHINER 14.7 .01 .0 .00 .0 .00 14.7 .01
11114052 SILVER CHUB 14.7 .30 .0 .00 .0 .00 14.7 .30 ti
11207030 SMALLMOUIH BUFFALO .6 .01 .0 .00 12.4 28.93 13.0 28.94 o
10401001 SPOTTED GAR .0 .00 2.4 .68 9.7 6.87 12.1 7.55
11125154 STEELCOLOR 9.2 .02 .0 .00 .0 .00 9.2 .02
12402012 RAINBOW DARTER 7.0 .01 .0 .00 .0 .00 7.0 .01
11210044 BLACK REDHURSE .4 .00 1.3 .17 4.8 2.33 6.5 2.50 j

12201002 WHITE BASS 3.9 .08 1.4 .09 .5 .06 5.7 .23
11210045 GOLDEN REDHORSE .0 .00 .0 .00 3.5 2.16 3.5 2.16
10601003 SKIPJACK HERRING 1.2 .01 .0 .00 2.3 .58 3.5 .60
12405097 SAUGER .0 .00 .0 .00 3.4 .75 3.4 .75
11301002 BLUE CATFISH 3.0 .02 .0 .00 .0 .00 3.0 .02
11201001 RIVER CARPSUCKER 2.8 .18 .0 .00 .0 .00 2.8 .18
11303032 FLATHEAD CATFISH 1.2 .00 .0 .00 1.5 .81 2.7 .81
12307014 GREEN SUNFISH 1.8 .00 .8 .01 .0 .00 2.6 .01
11206028 NORTHERN HOG SUCKER .4 .00 .4 .02 1.3 .50 2.1 .52
11102003 STONEROLLER 1.5 .02 .0 .00 .0 .00 1.5 .02
11125000 1.2 .00 .0 .00 .0 .00 1.2 .00
12307016 ORANGESPOTTED SUNFIS .7 .00 .0 .00 .2 .01 .9 .01
11506026 BLACKSPOTTED TOPMINN .9 .00 .0 .00 .0 .00 .9 .00
11129166 BLUNTNOSE MINNOW .6 .00 .0 .00 .0 .00 .6 .00
10801002 MOONEYE .0 .00 .4 .0 .0 .00 .4 .08
10401002 LONGNOSE GAR .4 .02 .0 .00 .0 .00 .4 .02
12308024 SMALLMOUTH BASS .0 .00 .4 .01 .0 .00 .4 .01
11123035 RIVER CHUB .2 .01 .0 .00 .0 .00 .2 .01

SUE DUUUUTlDN PER HECTARE For Chickamauga Reservoir, 1976 

NUMBER WflGHT NUMBER INTER-
COMMON YOUNG- YOUNC.- INJER- . "fD I A 1E ADULT ADULT TOTAL TOTAL 

SPEC IES NAHE Of-YEAR Of-YEAR MEDlATE WflGHT NUMBER IIEI(;HT NUMBERS IIEI(;HT 

12307017 BLUrGILL 5,812.9 7.74 674 .5 9.07 186.8 11.16 6,674.2 21.91 
10604008 THREADFIN SHAD 3,401.9 10.91 .0 .00 .0 .00 3,401.9 10.91 
10604001 C.IZZARD SHAD 1,140.3 9.78 .0 .00 844.9 103.45 1.985.2 113.23 
11129169 BUllHEAD HINNOII 1,914.2 1.72 .0 .00 .0 .00 1,974.2 1.72 
12301019 LONC.EAR SUNFISH 861.5 1.85 188.9 2.61 4.7 .22 1,061.2 4.68 
12307020 REDEAR SUNf ISH 187.5 .60 62.8 1.50 93.8 9.15 344.1 11.25 
12501001 fRESHWATER DRUtl 77.8 .55 125.6 1.13 119.9 18 .85 323.3 26.53 
129051)02 BROOK SILV(RSIOf 216.6 .23 .0 .00 .0 .00 216.6 .23 (") 

11125143 SPOTF I N SHINER 212.0 .22 .0 .00 .0 .00 212.0 .22 ~ 12308026 SPOTT EO BASS 12ft .5 .55 9.4 .28 1.3 .21 135.2 1.04 
11124061 C.OLDEN SHINER 81.3 1.45 .0 .00 .0 .00 87 .3 1.45 8 
12308027 LARGEMOUTH BASS 38 .8 .21 34.6 1.30 13.5 5.87 86.9 7.38 ~ 
11125073 EHERALD SHINER 80.8 .19 .0 .00 .0 .00 80.8 .19 
12307000 17.6 .09 .0 .00 .0 .00 77 .6 .09 0 

12307012 IIARMOUTH 54.6 .08 12.3 .23 5.7 .44 72.6 .75 ~ 12201003 Yt.LLOW BASS 48.1 .19 8.8 .59 3.8 .45 bO.7 1.24 c: 
11209034 spon E 0 SUCKE R 15.3 .28 3.1 .51 35.1 11.41 53.6. 18.20 t-3 
1230902'1 _HI1E CRAPPIE 26.5 .08 14.1 .23 7.6 1.21 48.9 1.51 ~~ 10604000 48.5 .01 .0 .00 .0 .00 48.5 .01 
12404077 LOGPERtH 47.8 .36 .0 .00 .0 .00 ... 1.8 • lit (")~ 
12403075 Hlloll PERtH 32.2 .... 1 ~o .00 .0 .00 32.2 .47 0 

11301009 CHA~N fl CA Tf ISH 1.6 .00 6.3 .32 .17.7 11.98 25.6 12.30 ~~ 
11105012 CARP .0 .00 .2 .05 22.2 46.31 22 .... 46.36 Vl 

~I 
1150"024 BLACKSTR1Pf TOPMINNO 20.4 • 02 .0 .00 .0 .00 20.4 .02 0 ...... 
12307013 REDPREAST SUUFISH 15.6 .03 2.3 .03 .0 .00 17 .9 .0& 8~ 

11602001 tlOSQU ITor ISH 16.' .02 .0 .00 .0 .00 16 •• .02 ~ 
III 25152 MltllC SH INER lit .1 .01 .0 .00 .0 .00 14.7 .01 0 

2l 
11114052 SILVER CHUB 14.1 .30 .0 .00 .0 .00 14.1 .30 t%j 

11207030 SMALL MOUTH BUFFALO .6 .01 .0 .00 12 .4 28.93 13.0 28.94 ro 
10401001 SPOTTED GAR .0 .00 2.4 .68 9.7 6.87 12 .1 7.55 

~ 11l2Sl5" SlEELCOLOR 9.2 .02 .0 .00 .0 .00 9.2 .02 
12100Z012 RA HtBOW DARTER 1.0 .01 .0 .00 .0 .00 7.0 .01 t-< 
112100"" BUCK REOHORSE .4 .00 1.3 .17 4.8 2.n 6.5 2.50 

t%j 
ro 

12201002 WHl1E eASS 3.9 .OB 1 .4 .09 .5 .06 5.7 .23 
11210045 C.OLOEN REDHORSf .0 • 00 .0 .00 3.5 2.U • 3.5 2.16 
10601003 SKIPJACK HERRING 1.2 .01 .0 .00 2.3 .58 3.5 .60 
12405097 SAUGfR .0 .00 .0 .00 3.4 .75 3.4 .15 
11301002 BLUE CA Tf ISH 3.0 .02 .0 .00 .0 .00 3.0 .02 
11201001 Rl YfR CARPSUCKER 2.8 .1. .0 .00 .0 .00 2 •• .18 
1130303Z fLATHEAD CATfiSH 1.2 .00 .0 .00 1.5. •• 1 2.7 .81 
12307014 c.REfN SUNfISH 1.8 .00 •• .01 .0 .00 2.6 .01 
11206028 NORTHERN HOG SUCKER .4 .00 .4 .02 1.3 .50 2.1 .52 
11102003 STONEROLlER 1.5 .02 .0 .00 .0 .00 1.5 .02 
11125000 1.2 .00 .0 .00 .0 .00 1.2 .00 
12307016 ORANGESPOTTEO SUNFIS .1 .00 .0 .00 .2 .01 .9 .01 
11506026 BLACKSPOTTED TOPMINN .9 .00 .0 .00 .0 .00 .9 .00 
11129166 BLUNTNOSE MINNOW .6 .00 .0 .00 .0 .00 .6 .00 
10801002 HOONnE .0 .00 .4 .01 .0 .00 .4 .08 
10401002 LONLN05f GAR .4 .02 .0 .00 .0 .00 .4 .• 02 
12308024 SMAlL"OUTH lASS .0 .00 .4 .01 .0 .00 .4 .01 
11123035 RIVER CHUB .2 .. 01 .0 .00 .0 .00 .2 .01 



COMMON AND SC![NTIF!C NAMES OF FISHES IN ROIENONE SAHPLES

FGROUP SPECIES FISH GROUP COMMON NAPE SCIENTIFIC NAME

1
1
1
1

2

1
1
1
1
1

3

1
1
1

3
3
3
3
3
3
3
3
3
3
3
2

2

2
2
2

3
3

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

12201002
12201003
12307000
12307012
12307013
12307014
12307017
12307019
12307020
12308024
12308026
12308027
12309029
12403075
12405097
10401001
10401002
10601003
IOFO1O02
11105012
11201001
11206028
11207030
11209034
11210044
11210045
11301002
11301009
11303032
12501001
10604000
10604007
10404008
11102003
11114052
11123035
11124061
11125000
11125073
11125143
11125152
11125154
11129166
11129169
11506024
11506026
11602001
12307016
12402012
12402036
12404077
12905002

GAME
GAME
GAME
GAME
GAME
GAME
GAME
GAME
GAME
GAME
GAME
GAME
GAME
GAME
GAME
ROUGH
ROUGH
ROUGH
ROUGH
RUUGH
ROUGH
ROUGH
ROUGH
ROUGH
RUUGH
ROUGH
ROUGH
ROUGH
ROUGH
ROUGH
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FURAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE
FORAGE

WHITE BASS
YELLOW BASS

WARMOUTH
REDBREAST SUNFISH
GREEN SUNFISH
BLUEGILL
LONGEAR SUNFISH
REDEAR SUNFISH
SMALLMOUTH BASS
SPOTTED BASS
LARGEMOUTH BASS
WHITE CRAPPIE
YELLOW PERCH
SAUGER
SPOTTED GAR
LONGNOSE GAR
SKIPJACK HERRING
MHUNIYE
CARP
RIVER (ARPSUCKER
NORTHERN HOG SUCKER
SMALLMOUTH BUFFALO
SPOTTED SUCKER
BLACK REDHORSE
GULDEN REDHORSE
BLUE CATFISH
CHANNEL CATFISH
FLATHEAD CATFISH
FRESHWATER DRUM

GIZZARD SHAD
THREADFIN SHAD
ST NEROLLER
SILVER CHUB
RIVER CHUB
GOLDEN SHINER

EMERALD SHINER
SPOTFIN SHINER
MIMIC SHINER
STEELCOLOR
BLUN7NOSE MINNOW
BULLHEAD MINNOW
BLACKSTRIPE TOPMINNOW"
BLACKSPOTTED TOPHINNOM
HOSOUITOFISH
L.ANGESPOITED SUNFIS11
RAINBOW DARTER
STRIPETAIL DARTER
LOGPERCH
BROOK SILVERSIDE

NORONE CHRYSOPS
MORONE MISSISSIPPIENSIS
LEPOMIS SP.
LEPOMIS GULOSUS
LEPOMIS AURIIUS
LEPOMIS CYANELLUS
LEPOMIS MACROCHIRUS
LEPOMIS KEGALOTIS
LEPOMIS MICROLOPHUS
MICROPTERUS DOLONIEUI
MICRUPTERUS PUNCIULATUS
MICROPTERUS SALMOIDES
POMOXIS ANNULARIS
PERCA FLAVESCENS
ST[ZU5IEDIUN CANADENSE
LEPISOSTEUS OCULATUS
LEPISOSTEUS OSSEUS
ALOSA CHRYSOCHLORIS
HIUDON TERGISUS
CYPRINUS CARPIO
CARPIDDES CARPIO
HYPENTELIUM NIGRICANS
ICTIOSUS BUBALUS
NINYIREMA HELANOPS
NOXOSIOMA DUQUESNEI
MOXOSToMA ERYTHRURUM
ICTALURUS FURCATUS
ICTALURUS PUNCTATUS
PYLODICTIS OLIVARIS
APLODINOTUS GRUNNIENS
DOkOSOMA SP.
DORUSOMA CEPEDIANUM
DOROSOMA PETENENSE
CAMPOSTOMA AN3MALUM
HYDOPSIS STORERIANA
NOCOMIS HICROPOGON
NOTEMIGONUS CRYSOLEUCAS
NOTROPIS SP.
NOTROPIS ATHERINDIDES
NOTRUPIS SPILOPTERUS
NO[ROPIS VOLUCELLUS
NOTROPIS WHIPPLEI
PIMEPHALES NOTATUS
PIMEPHALES VIGILAX
FUNDULUS NOTATUS
FUNDULUS OLIVACEUS
GAMBUSIA AFFINIS
LEPOMIS HUMILIS
ETHEOSTOHA CAERULEUH
ETHEOSTOMA KENNICOTTI
PERCINA CAPRODES
LABIDESTHES SICCULUS

0
0

0

0

-!4I
OHj

\-

w ')

0
ý c))

"ROUP SPEC IES 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
l 
2 
l 
2 
2 
2 
2 
2. 
2 
2 
2 
2 
l 
2 
3 
:3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

12201002 
12201003 
12307000 
12307012 
11307013 
12307014 
12307017 
12307019 
12307020 
12.308024 
12308026 
12308021 
12309029 
12403075 
12405097 
10ltOl001 
10ltOl002 
10bOl003 
IOfOl002 
11105012 
11201001 
II 206028 
11207030 
11209034 
112100lt4 
11210045 
11301002 
11301009 
11303032 
12501001 
10bQ4000 
IOb04007 
10(,04008 
11102003 
11114052 
11123035 
11124061 
11125000 
11125073 
111251"3 
11125152 
II 12515" 
11129166 
11129169 
11506024 
11506026 
11602001 
123070U, 
12402012 
12402036 
U404011 
12905002 

COMMON AND SC HNTlF Ie NAMES Of fiSHES IN ROlf NONE SAlIPLES 

FISH 'ROUP 

GAME 
GAME 
GAME 
GAME 
GAME 
GAME 
GAME 
GAME 
GAME 
GAME 
C,AM[ 
C,AME 
C,AME 
CiAME 
GAME 
ROUGH 
ROUGH 
ROUGH 
RoUC.H 
RUUC,H 
ROUC.H 
ROU'H 
ROUC,H 
ROULH 
RUU"H 
ROUGH 
ROUr.H 
ROU"H 
RUULH 
R OUC.H 
FURAGE 
FORAGE 
F URAG E 
fORAGE 
fORAGE 
fORACif 
fORAGE 
FORAGE 
FORAGE 
fURAGE 
FORAta 
fORAGE 
FORAG E 
FURAGE 
fORACiE 
FORAGE 
fORACE 
FORAGE 
FORAGE 
FORACi E 
fORAGE 
FORAGE 

COMMON NA"E 

WHITE BASS 
YELLOW BASS 

WARKOUTH 
REDBREAST SUNFISH 
GREEN SUNf ISH 
BLUEGILL 
LONGfAR SUNf ISH 
REDEAR SUNFl SH 
SMALlMOUTH BASS 
SPOTTED BASS 
LARCifMOUTH BASS 
WHITE (RAPPIE 
YELLOW PUCH 
SAULn 
S~OTTED GAR 
LONGNOSE GAIt 
SKIPJACK HERRING 
"OUNEYE 
CARP 
RIVER (ARPSUCKER 
NURTHERN HOC. SUCkER 
SMALLHOUTH BUFFALO 
SPOTTEO SUCKfR 
BLACK REDHORS£: 
GULDEN R£OHORSf 
BLUE CAtfISH 
CHANNEL CA n ISH 
FLATHEAD CAIFISH 
FIlBHWATER DRUM 

C,UZARD SHAD 
THREADf IN SHAD 
SlCNEROLLER 
SILVER CHUB 
RIVER CHUB 
GOLDEN SHINER 

EMERALD SHINER 
SPOTFIN SHINER 
MIKIC SHINEl 
SlEElCOLOR 
BLUNTNDSE MINNDW 
BULLHEAD MINNOW 
BLACKSTRIPf TOPMINNOW' 
BLACKSPOTTED IOPMINHOW 
MOSQUITDfl$H 
L~AN'ESPO'TED SUNFI~' 
ItA I NBDII DARTER 
STR1PETA1L DAR TEa 
LOGPfRCH 
BROOK SILVERSIDE 

SCHNUF IC NAKE 

MORONE (HRYSOPS 
MORONE HlSSISSIPPIENSIS 
LEPOHIS SP. 
LEPOHIS C.ULOSUS 
LEPOHIS AURlfUS 
LEPOKIS CYANELLUS 
LfPOMIS "ACROCHIRUS 
LEPOKIS "EC.ALOlIS 
LEPOKIS KICROLOPHUS 
HICROPTERUS DOLOHIEUI 
MICRUPTERUS PUNCTULATUS 
HICROPTfRUS SALHOIDES 
POMOXIS ANNULARIS 
PERCA FlAVESCENS 
STIlUSJfDIO~ CANADENSE 
LEPISOSTEUS OCULATUS 
LEPISOSTEUS OSSEUS 
ALOSA CHRYSOCHlORJS 
HIUDO~ TERtISUS 
CYPRINUS CARPIO 
tARPIDDES (ARPIO 
HYPENTEllUM NIc.RrCANS 
lCTJOSUS BUBALUS 
HINYT~EKA HELANOPS 
HOXOSTOHA DUQUESNEI 
HOXOSTDHA ERYTHRURUM 
ICTALURUS fURtATUS 
ICJALURUS PUNrTATUS 
PYLODICTIS OLIVARIS 
APLOOINOTUS C,~UNNJENS 
DOfi.OSO~A SP. 
DDROSO'U CEPEDIANUM 
DOROSOHA PETENENSE 
(AMPOSTOMA ANOHALUK 
HYBOPSIS STORER lANA 
NOCOHIS HICROPO'ON 
NOTEMIC.ONUS CRYSOlEUCAS 
NOTROPlS SP. 
HOTROPIS ATHERIHDJOES 
NOTROPIS SPILOPTERUS 
NOTRDPIS VOLUCElLUS 
H01ROPlS WHIPPLEI 
PIKEPHALES NOTATUS 
PIKEPHALES VIGILAX 
FUNDULUS NOTATUS 
fUNDULUS OLIVACEUS 
'AM8USIA AFflNIS 
LEPOKIS HUMILIS 
ETHEOSJDKA CAERULEU" 
ETHfOSIOMA KENNICOTTI 
PERCINA (APRDOES 
LABIDESTHES SICCULUS 

-



SAMPLE SITE DESCRIPTIONS

SECTIONsAREA I ---

COVE RMILE GRID MONTH

1 475.7 350522099075 9
2 478.0 358522090115 9

DAY YEAR

14 76
16 76ill, DAY YEAR14 7616 76

--------------------------------------------

COVE

1
2

RHILE

495.0
508.0

SECTION2AREA

GRID

356531017066
358446057072

MONTH

9
'9

DAY

21
23

YEAR

76
76

COVE

1

RHILE

524.6

SECT1ONwAREA 3

GRID mc

358075053076

DNTH

9

DAY

a

YEAR

76

0

cf)

• SAMPLE SitE DESCRIPTIONS 

.------------------------.-------------------------------- SEClIDNaAR~A I ----.---------------------------------------,-------------

COVE 

1 
l 

GRID 

358522099075 
358522090115 

MDNTH 

9 
9 

DAY 

lit 
16 

YEAR 

16 
16 

.------------------------------------------------ SEC T I ON eAR fA 2. ----------------------------------.------

COVE 

1 
1 

RHIL~ 

495.0 
508.0 

CillO 

35853101706b 
3584,.8057072 

MONTH 

9 
• 9 

DAY 

21 
13 

YEAR 

16 
16 

(') 

I 
------------------------------------------------------ SECTION-AREA 3 ---------------------------------------------------------- 0 

COVE 

1 

RMILE 

524.6 

GRID 

35aUlOnO,. 

HOPfTH 

9 

DAY YEAR ~ a 16 L~ 



FISH POPULATION BY C

SECTION*AREA 1

[ETER FEET rISH

1.9 6.2 1833
1.2 3.9 2306

Sample

734
735

COVE NECTAR

1 0.9
2 0.6

ACRES

0.4
0.2

M

OVE

-"A F I SH-AC KG._HA LB-AC

3.3 7419.3 209.7 187.1
0.7 9332.4 192.9 172.1

- ------------------ ------------- --- SECT1ONwAREA 2

736
737

COVE NECTAR

I Q.5
2 0.4

ACRES

0.2
0.2

METER

1.2
0.9

FEET

3.9
3.0

F I SH-HA

15300.0
19795.3

FISHAC

6191 .8
8011.0

KGHA

237.1
502.4

Lt-AC

211.5
448.2

COVE NECTAR ACRES METER

738 1 0.3 0.1 0.3

SECTIONwAREA 3

FEET FISHHA

1.0 9715.2

--- - --- - ---------------- - -

FISHAC

3931.6

KG..HA

522.7

LB-AC

466.3

0
0

0

0

COVE NECTAR

2.7

ACRES

1.1

METER

1.1

SECT ION=ALL

FEET

3.6

AREA

F ISHHA

17240.9

FISHAC

6977.2

KG_HA

332.9

LBAC

297.0

__ ft. - A-- --. _d- - - A- - - __--

FISH PDPULATIDN BY COVE 

-------,----------------------------------------------~---- SECTION-AREA I ----------------------------------------------------------

Sample 

734 . 
735 

COVE 

I 
2 

HEClAR 

0.9 
0.6 

ACRES 

0.4 
0.2 

IUTERo FEET 

6.2 
3.9 

18333.3 
23060.7 

7419.3 
9332.4 

KGJtA 

209.7 
192.9 

181.1 
172.1 

------------------------------------------------ SECTION-AREA 2 --------------------------------------------

736 
737 

(OVE 

1 
2 

HECTAR 

0.5 
0.4 

. ACRES 

0.2 
0.2 

METER. fEET 

3.9 
3.0 

15300.0 
19195.3 

6191.8 
8011.0 

217 .1 
502.4 

211.5 
448.2 

---------------------------------------------- SEt T I ON -AREA 3 --------------------------------------------

738 

COVE 

1 

HECUA 

0.3 

ACRES 

0.1 

METU 

0.3 

fEEl 

1.0 

FISH_AC 

3931.6 

KGJtA 

522.7 

LBJC 

466.3 

------------------------------------------------ SECTION=ALl AREA --------------------------------------------------------

COVE HECTAR ACITU 

2.1 1.1 

---

fEET 

3.6 

fISH_HA 

17240.9 

fISH_AC 

6917 .2 

KGJtA 

332.9 291.0 



SIZE DISTRIBUTION PER HECTARE BY SAMPLE

NUMBER WEIGHT
COMMON YOUNG- YOUNG- NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT

SAMPLE SPECIES NAME OF-YEAR OF-YEAR iNTER INTER HARVEST HARVEST TOTAL TOTAL

734 10401002 LONGNOSE CAR 2.2 .12 .0 .00 .0 .00 2.2 .12
734 10604007 GIZZARD SHAD 4.3 .03 .0 .00 552.7 82.70 557.0 82.73
734 10604008 THREADFIN SHAD 1,060.2 2.88 .0 .00 .0 -. 00 1,060.2 2.88
73.4 11102003 STONEROLLER 1.1 .01 .0 .00 .0 .00 1.1 .01
734 11105012 CARP .0 .00 1.1 .26 4.3 4.87 5.4 5.14
734 11123035 RIVER CHUB 1.1 .03 .0 .00 .0 .00 1.1 .U3
734 11124061 GOLDEN SHINER 119.4 .75 .0 .00 .0 .00 119.4 .75
734 11125073 EMERALD SHINER 49.5 .11 .0 .00 .0 .OD 49.5 .11 0
734 11125143 SPOTFIN SHINER 11.8 .01 .0 .00 .0 .00 11.8 .01
734 11125152 MIMIC SHINER 54.8 .03 .0 .00 .0 .00 54.8 .03
734 11129166 BLUNINOSE MINNO 3.2 .00 .0 o00 .0 .00 3.2 .00
734 11129169 BULLHEAD MINNOW 205.4 .19 .0 .00 .0 .00 205.4 .19
734 11206028 NORTHERN HOG SU .0 .00 .0 .00 4.3 2.09 4.3 2.09
734 11207030 SMALLMOUTH BUFF .0 .00 .0 .00 1.1 .49 1.1 .49
734 11209034 SPOTTED SUCKER 1.1 .03 .0 .00 23.7 17.29 24.7 17.32
734 11210044 BLACK REDHORSE .0 .00 .0 .00 2.2 .91 2.2 .91
734 11301009 CHANNEL CATFISH .0 .00 19.4 1.05 17.2 7.00 36.6 8.05
734 11602001 MOSQUITOFISH 1.1 .00 .0 .00 .0 .00 1.1 .00
734 12201003 YELLOW BASS 226.9 .73 9.7 .49 4.3 .43 240.9 1.65 a
734 12307000 319.4 .46 .0 .00 .0 .00 319.4 .46 0
734 12307012 WARMOUTH 1.1 .00 3.2 .07 9.7 .82 14.0 .89 •
734 12307013 REDBREAST SUNFI 53.8 .09 2.2 .04 .0 .00 55.9 .13 •
734 .12307016 ORANGESPOTTED S .0 .00 .0 .00 1.1 .03 1.1 .03 ýd
734 12307017 BLUEGILL 11,314.0 14.93 1,163.4 14.01 273.1 14.91 12,750.5 43.85 0 r\
734 12307019 LONGEAR SUNFISH 1,264.5 2.33 311.8 4.79 18.3 .87 1,594.6 7.99
734 12307020 REDEAR SUNFISH 91.4 .29 8.6 .16 68.8 7.49 168.8 7.96
734 12308026 SPOTTED BASS 311.8 1.27 14.0 .52 4.3 .82 330.1 2.61
734 12308027 LARGEMOUTH BASS 122.6 .59 48.4 1.56 10.8 3.71 181.7 5.86 t
734 12309029 WHITE CRAPPIE 5.4 .02 6.5 .05 2.2 .39 14.0 .45 co
734 12402012 RAINBOW DARTER 33.3 .04 .0 .00 .0 .00 33.3 .04
734 12402036 S7RIPFTAIL DART 1.1 .00 .0 .00 .0 .00 1.1 .00
734 12403075 YELLOW PERCH 15.1 .24 .0 .00 .0 .00 15.1 .24 i
734 12404077 LOGPERCH 74.2 .53 .0 .00 .0 .00 74.2 .53 CA
734 12405097 SAUCER .0 .00 .0 .00 1.1 .30 1.1 .30
734 12501001 FRESHWATER DRUM 132.3 .95 154.8 8.55 44.1 6.24 331.2 15.73
734 12905002 BROOK SILVERSID 65.6 .09 .0 .00 .0 .00 65.6 .09

SAMPLE TOTAL 15,547.7 26.75 1,743.1 31.57 1,043.3 151.36 16,333.7 209.67

SIZE DISTRIBUTION PEl HECTARE BY SAMPLE 

HUHBER WEICHT 
COMMON YOUNG- YOUNG- NUMBER WEICHT NUMBER IIflCHT NUHBfll WEIGHT 

SAMPLE SPEC rES NAME OF-YEAR OF-YEAR INTER INTER HARVEST HARVEST TOTAL TOTAL 

734 1040J002 LONGNOSE GAR 2.2 .12 .0 .00 .0 .00 2.2 .12 
734 10604001 (. JZ lARD SHAD 4.] .03 .0 .00 552.1 82.10 551.0 82.13 
134 10604008 THREADFIN SHAD 1.060.2 2.88 .0 .00 .0 .00 1.060.2 2.88 
13ft 11102003 STONEROllER 1.1 .01 .0 .00 .0 .00 1.1 .01 
134 1lIO~Oll CARP .0 .00 1.1 .26 4.3 4.81 5.4 5.14 
134 11123035 RIVER CHUB 1.1 .0] .0 .00 .0 .00 1.1 .U3 
134 11124061 GOLOn SHINER 119.4 .75 .0 .00 .0 .00 119.4 .75 0 
134 11125073 EMERALD SHINER U.S .11 .0 .00 .0 .00 1,9.5 .ll 0 
134 J1125143 SPOTF IN SHINER 11.8 .01 .0 .00 .0 .00 11.8 .01 

~ 134 11125152 MIHIC SHINER 54.B .03 .0 .00 .0 .00 54.8 .03 
734 11129166 BLUNTNOSE MINNO 3.2 .00 .0 .00 .0 .00 3.2 .00 131, 11129169 BUllHEAD HINNOW 205.4 .19 .0 .00 .0 .00 205.4 .19 
73ft 11206028 NORTHERN HOG SU .0 .00 .0 .00 4.3 2.09 I, .3 2.09 

I 134 11207030 SHALlHOUTH BUFf .0 .00 .0 .00 1.1 .49 1.1 .49 
734 JI209034 SPO TT ED SUUU 1.1 .03 .0 .00 23.7 11.29 24.7 17.32 
134 11210044 BLACk REDHORSE .0 .00 .0 .00 2.2 .91 2.2 .91 
134 11301009 CHANNEL U TF ISH .0 .00 19 .4 1.05 11.2 7.00 36.6 B.05 t J 
134 11602001 HOSQUITOf ISH 1.1 .00 .0 .00 .0 .00 1.1 .00 fiJ~ 734 12201003 YELLOW BASS 221..9 .13 9.1 .49 4.3 .43 240.9 1.65 of;; 734 12307000 319.4 .1,6 .0 .00 .0 .00 319.1, .46 
734 12301012 WAlMOUTH 1.1 .00 3.2 .01 9.1 .82 14.0 .89 0 
134 12307013 RE DB REA ST SUNf I 53.B .09 2.2 .010 .0 .00 55.9 .13 ;3~ 
734 12301016 ORANGBPOTTEO S .0 .00 .0 .00 1.1 .03 1.1 .03 VI 

~I 13'1 12307017 BLuer, ILL 11,311,.0 J4.93 1.163.4 14.01 273.1 14.91 12.150.5 103.85 Of\) 
734 12301019 lOHGEAR SUNfISH 1.261, .5 2.3] 311.8 " .19 IB.3 .81 1.594.6 7.99 8f-' 

M 134 12301010 REDEAR SUNFISH 91.4 .29 8.6 .18 68.8 7.1,9 168.8 7.96 !2l 
734 12308026 SPOTTED BASS 311.8 1.27 14.0 .52 4.3 .82 330.1 2.bl g 
734 12308021 LARGEMOUTH BASS 122.1. .59 41.4 1.56 10.8 3.71 -181.7 5.86 t>1 
134 12309029 IIHITE CRAPPIE 5.4 .02 6.5 .05 2.2 .39 14.0 .45 C/l 
734 12402012 RAINBOW DARTER 33.3 .04 .0 .00 .0 .00 33.3 .01, ~ 734 12402031. S TR I PH AlL DART 1.1 .00 .0 .00 .0 .00 1.1 .00 
13" 12403075 YELLOW PERCH 15.1 .24 .0 .00 .0 .00 15.1 .24 t"i 

t>1 134 12404077 lOC;PERCH 7".2 .S3 .0 .00 .0 .00 14.2 .53 (fJ 

131, 12405091 SAUGER .0 .00 .0 .00 1.1 .30 1.1 .30 
134 J2501001 fRESHWATER DRUM 132.3 .95 154.8 1.55 44.1 6.21, 331.2 15.1) 
734 12905002 BROOkSllYERSID 65.6 .09 .0 .00 .0 .00 65.6 .09 

SAMPLE TOTAL 15.547.7 26.15 1,143.1 31.57 1.0ft3.3 151.36 18 .333.7 209.67 



SIZE DISTRIBUTION PER HECTARE BY SAMPLE

NUMBER WEIGHT
COMMON YOUNG- YOUNG- NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT

SAMPLE SPECIES NAME OF-YEAR 01-YEAR INTER INTER HARVEST HARVEST TOTAL TOTAL

735 10604007 GIZZARD SHAD .0 .00 .0 .00 519.6 79.61 519.6 79.81
735 10604008 IHREADFIN SHAD 162.5 .28 .0 .00 .0 .00 162.5 .28
735 10801002 MOONLYE .0 .00 1.8 .38 .0 .00 1.8 .38
735 11124061 GOLDEN SHINER 76.8 .33 .0 .00 .0 .00 76.8 .33
735 11125073 EMERALD SHINER 305.4 .72 .0 .00 .0 .0O 305.4 .72
735 11125143 SPOTFIN SHINER 669.6 .66 .0 .00 .0 .00 669.6 .66
735 11125152 MIMIC SHINER 3.6 .00 .0 .00 .0 .00 3.6 .00
735 11125154 STEELCOLOR 37.5 .06 .0 .00 .0 .00 37.5 .06
735 11129169 BULLHEAD MINNOW 6,455.4 5.30 .0 .00 .0 .00 6,455.4 5.30 0
735 11206028 NORTHERN HOG SU .0 .00 1.8 .12 .0 .00 1.8 .12
735 11207030 SNALLMOUTH BUFF .0 .00 .0 .00 7.1 10.20 7.1 10.20
735 11209034 SPOTTED SUCKER .0 .00 .1. .22 14.3 4.97 16.1 5.19
735 11301009 CHANNEL CATFISH 1.8 .01 8;9 .47 7.1 3.42 17.9 3.90
735 11303032 FLATHEAD CATFIS 1.8 .00 .0 .00 .0 .00 1.8 .00 c-
735 12201003 YELLOW BASS .0 .00 1.8 .17 1.8 .20 3.6 .37 H
735 12307000 62.5 .01 .0 .00 .0 .00 62.5 .01
735 12307012 WARMOUTH 110.7 .16 10.7 .18 5.4 .35 126.8 .69 H
735 12307013 REDBREAST SUNF! 3.6 .00 .0 .00 .0 .00 3.6 .00 0
135 1230`014 GREEN SUNFISH 8.9 .02 1.8 .02 .0 .00 10.7 .03
735 12307016 DRANGESPOTTED S 3.6 .01 .0 .00 .0 .00 3.6 .O0 0
735 12307017 BLUEGILL 9,732.1 10.43 594.6 8.86 221.4 12.51 10,548.2 31.80 0

735 12307019 LONGEAR SUNFISH 29351.8 4.75 217.9 3.11 5.4 .25 2,575.0 8.10
735 12307020 REDEAR SUNFISH 335.7 .74 10.7 .32 178.6 17.38 525.0 18.44 w i
735 12308024 SKLLLMOUTH BASS .0 .00 1.8 .03 .0 .00 1.8 .03 0 R)
135 12308026 S.'LTTED BASS 80.4 .35 8.9 .37 .0 .00 89.3 .7 \
735 12308027 LARGEMOUTH BASS 55.4 .34 60.7 1.79 17.9 6.90 133.9 9.04 Z
735 12309029 WHITE CRAPPIE .0 .00 1.8 .01 .0 .00 1.8 .01 )
735 12402012 RAINBOW DARTER 1.8 .00 .0 .00 .0 .00 1.8 .00 m
135 12403075 YELLOW PERCH 32.1 .72 .0 .00 .0 .00 32.1 .72
735 12404077 LOGPERCH 35.7 .29 .0 .00 .0 .00 35.7 .29
735 12501001 FRESHWATER DRUM .0 .00 62.5 3.78 48.2 11.37 110.7 15.15
735 12905002 BROOK SILVERSID 517.9 .56 .0 .00 .0 .00 517.9 .56

SAMPLE TOTAL 21,046.6 25.74 987.5 19.83 1,026.8 147.36 23,060.9 192.92 r

SIZE DISTRIBUTION rER HECTARE BY SAMPLE 

NUMBER WU'HT 
(O""ON YOUNG- YOUNC- NUKBER WEICHT NUMBER WEIGHT NUMBER we IGtfT 

SAMPLE SPEC US NAME Of-YUR or--nu INTER INlER HARVEST HARVEST TOTAL TOTAL 

735 10604001 GillARD SHAD .0 .00 .0 .00 519.6 19.81 519.6 19.81 
735 10604008 THREADF IN SHAD 162.5 .28 .0 .00 .0 .00 162.5 .28 
135 10801002 "OONtYE .0 .00 1.8 .38 .0 .00 1.8 .38 
135 11124061 GOLDEN SHINER 76.8 .3) .0 .00 .0 .00 76.8 .n 
735 11125073 EMERALD SHINER 305.4 .12 .0 .00 .0 .00 305.4 .12 
135 11125143 SPOTf IN SHINER 669.6 .66 .0 .00 .0 .00 669.6 .66 
135 11125152 MIMIC SHINER 3.6 .00 .0 .00 .0 .00 3.6 .00' 
735 11125154 STEELCOlOR 31.5 .06 .0 .00 .0 .00 31.5 .06 C":l 
1]5 11129169 BULLHEAD MINNOW 6,455.4 5.30 .0 .00 .0 .00 6.455.4 5.30 ~ 135 11206028 NORTHERN HO(; SU .0 .00 1.8 .12 .0 .00 1.8 .12 
735 11201030 SKALLMOUTH BUff .0 .00 .0 .00 1.1 10.20 1.1 10.20 S 
735 11209034 SPOTTED SUCkER .0 .00 '1.8 .22 14.3 4.91 ]6.1 5.19 ~ 
735 11301009 (HA NNEl C ATFI SH 1.8 .01 8.;9 .47 1.1 3.42 17 .9 3.90 
735 11303032 flATHEAD CAUlS 1.8 .00 .0 .00 .0 .00 I.B .00 ° c::: 
735 12201003 YlllO" BASS .0 .00 1 .8 .17 1.8 .20 3.6 .J7 ~ 735 12307000 62.5 .01 .0 .00 .0 .00 62.5 .01 c::: 
735 12307012 WARMOUTH 110.1 .16 10.7 .18 5.4 .35 126.8 .69 8 

8 7)5 12301013 REDBREAST sur4f I 3.6 .00 .0 .00 .0 .00 3.& .00 0li; 
1J5 )230"0)4 GREEN SUNFI SH 8.9 .02 1.8 .02 .0 .00 10.7 .03 'Yj 

~ 
lJ'; InOl016 ORANGES POTTED S 3.6 .01 .0 .00 .0 .00 3.6 .OJ OM 
135 12307017 BLUEGIll 9.732.1 10.43 594.6 8.86 221.4 12.51 10.548.2 31.80 0 

135 12307019 LONtEAR SUNF ISH 2.351.8 4.15 217.9 3.11 5.4 .25 2.575.0 8.10 ;;3~ 
V1 735 12307020 RfDEAR SUNFISH 335.7 .14 10.7 .32 178.6 11.38 525.0 18.44 ~I 

735 123011024 Sl',l.llMOUTH BASS .0 .00 1.8 .03 .0 .00 1.8 .OJ 01\) 
81\) IJ!; lZ308026 .VLTTEO BASS 80.4 .35 8.9 .31 .0 .00 89.3 .72 M 

735 12308021 lARC;E"OUTH BASS 55.4 .34 60.1 1.19 17.9 6.90 133.9 9.04 :z: 
735 12309029 WHITE CRAPPIE .0 .00 1.8 .01 .0 .00 1.8 .01 0 :z: 
735 12402012 RAINBOW DARTER 1.8 .00 .0 .00 .0 .00 1.8 .00 t:t:j 

135 12403075 YELLOW PERCH 32.1 .1l .0 .00 .0 .00 32.1 .72 Cf) 

135 12404071 LO"fRCH 35.7 .29 .0 .00 .0 .00 35.1 .29 
~ 735 12501001 FRESHWATER DRUM .0 .00 62.5 3.78 48.2 11.17 110.1 15.i5 

135 12905002 UOOl' SIlVERSIO 511.9 .56 .0 .00 .0 .00 517.9 .56 ~ 
SAMPLE TOTAL 21.046.6 25.14 981.5 19.83 1.026.8 141.36 23.060.9 192.92 M 

fa 

-- --



SIZE DISTRIBUTION PER HECTARE BY SAMPLE

NUMBER WEIGHT
COMMON YOUNG- YOUNG- NUMBER WEIGHT NUMBER HEIGHT NUMBER WEIGHT

SAMPLE SPECIES NAME OF-YEAR OF-YEAR INTER INTER HARVEST HARVEST TOTAL TOTAL

736 10601003 SKIPJACK HERRIN .0 .00 .0 .00 2.1 .53 2.1 .53
736 1U604007 GIZZARD SHAD .0 .00 .0 .00 904.3 128.99 904.3 128.99
73b 10604008 THREADFIN SHAD 7,053.2 27.60 .0 .00 .0 .00 7,053.2 27.60
736 11102003 STONEROLLER 6.4 .07 .0 .00 .0 .00 6.4 .07
736 11114052 SILVER CHUB 10.6 .31 .0 .00 .0 .00 10.6 .31
736 11124061 GOLDEN SHINER 2.1 .00 .0 .00 .0 .00 2.1 .00
736 11125073 EMERALD SHINER 48.9 .13 .0 .00 .0 .00 48.9 .13
736 11125143 SPOTFIN SHINER 378.7 .41 .0 .00 .0 .00 378.7 .41
736 11125152 MIMIC SHINER 14.9 .02 .0 .00 .0 .00 14.9 .02
736 11125154 STEELCOLOR 8.5 .02 .0 .00 .0 .00 8.5 .02
736 11129169 BULLHEAD MINNOW 1,214.9 .94 .0 .00 .0 .00 1,214.9 .94
736 11206028 NORTHERN HOG SU 2.1 .01 .0 .00 2.1 .39 4.3 .40
736 11209034 SPOTTED SUCKER 14.9 .29 .0 .00 4.3 1.85 19.1 2.14
736 11210044 BLACK REDHORSE 2.1 .02 6.4 .83 17.0 7.45 25.5 8.30 0
736 11301009 CHANNEL CATFISH 6.4 .02 .0 .00 .0 .00 6.4 .02
736 11303032 FLATHEAD CATFIS 4.3 .01 .0 .00 2.1 1.31 6.4 1.32
736 11506024 BLACKSTRIPE TOP 102.1 .12 .0 .00 .0 .00 102.1 .12
736 11506026 BLACKSPOTTED TO 4.3 .01 .0 .00 .0 .00 4.- .. i
736 12201003 YELLOW BASS 2.1 .01 2.1 .18 .0 .00 4.3 .19
736 12307000 6.4 .00 .0 .00 .0 .00 6.4 .00 0

736 12307012 WARMOUTH 12.B .01 19.1 .34 6.4 .40 38.3 .75 0
736 12307013 REDBREAST SUNFI 2.1 .00 .0 .00 .0 .00 2.1 .00
736 12307017 BLUEGILL 2s487.2 4.49 446.6 6.2? 142.6 9.31 3,076.6 20.07 •
736 12307019 LONGEAR SUNFISH 721.3 2.17 414.9 5.13 .0 .00 1,136.2 7.30 0 r\
736 12307020 REDEAR SUNFISH 157.4 .41 57.4 1.27 117.0 13.76 331.9 15.44
136 12308026 SPOTTED BASS 72.3 .38 17.0 .41 2.1, .23 91.5 1.03 0
736 12308027 LARGEMOUTH BASS 2.1 .02 21.3 1.11 12.8 3.89 36.2 S.01
736 12309029 WHITE CRAPPIE .0 .00 2.1 .09 .0 .00 2.1 .09
736 12403075 YELLOW PERCH 102.1 1.23 .0 .00 .0 .00 102.1 1.23 CO
736 12404077 LOGPERCH 112.8 .67 .0 .00 .0 .00 112.8 .87
736 12405097 SAUGER D0 .00 .0 .00 4.3 .85 4.3 .85
736 12501001 FRESHWATER DRUM .0 .00 17.0 1.08 55.3 11.32 72.3 12.40
736 12905002 BROOK SILVERSID 470.2 .50 .0 .00 .0 .00 470.2 .50 L•

SAMPLE TOTAL 13,023.2 40.07 1&004.1 16.71 1,272.4 180.28 15,300.0 237.06

SIZE DISTRIBUTION PER HECTARE BY SAMPLE 

NUMBER WElliHT 
COHMON YOUNCi- YOUNG- NLIMBER WEIGHT NUMBER IIEIGHT NUMBER WEIGHT 

SAHPLE SPEC JES NAHE OF-YEAR OF-YEAR INTER INTER HARVEST HARVEST TOTAL TOTAL 

736 10601003 SKIPJACK HERRIN .0 .00 .0 .00 2.1 .53 2.1 .53 
73& 10('04007 GIZZARD SHAD .0 .00 .0 .00 904.3 128.99 904.3 128.99 
73& 10604008 HIREADF IN SHAD 7.053.2 27.60 .0 .00 .0 .00 1.053.2 27.60 
736 11102003 STONEROLLER 6.4 .07 .0 .00 .0 .00 6." .07 
7H 11114052 SILVER (HUB 10.6 .31 .0 .00 .0 .00 10.6 .31 
736 1112,.061 GOLDEN SHINER 2.1 .00 .0 .00 .0 .00 2.1 .00 
736 11125073 EHERALD SHINER 48.9 .13 .0 .00 .0 .00 48.9 .13 

(') 736 11125143 SPOTF IN SH I NER 378 .7 .41 .0 .00 .0 .00 378.7 .',1 
736 11125152 HIHIC SHINER 14 .9 .02 .0 .00 .0 .00 1,..9 .02 ~ 736 11125154 S TEHCOLOR 8.5 .02 .0 .00 .0 .00 8.5 .02 
731» 11129169 BULLHEAD HINNOW 1.21tt., .94 .0 .00 .0 .00 1.214.9 .94 S 
736 11206028 NORTHfRN HOC; SU 2.1 .01 .0 .00 2.1 .39 ".3 .40 ~ 
73b lll09034 SPOTHD SUCKER Jle .9 .29 .0 .00 ,. .3 1.85 19.1 2.14 
731» 11210044 BLACk REDHORSf 2.1 .02 6.4 .83 17.0 7.45 25.5 8.30 0 

731» 11301009 (HANNEl CATFISH 6.4 .02 .0 .00 .0 .00 6.4 .02 ~ 73ft 11303032 FLA THUD CA TF IS 4.3 .01 .0 .00 2.1 1.31 6.4 1.32 S8 73ft 11506024 BLACKSTRJPE TOP 102.1 .12 .0 .00 .0 .00 102.1 .12 
136 1150602ft BLACKSPOTTED TO 4.3 .01 .0 .00 .0 .00 4." .u, 

.:xj Ed . 73ft 12201003 YELLOW BASS 2.1 .01 2.1 .18 .0 • 00 4.3 .19 t-' 
73ft 12307000 6.4 .00 .0 .00 .0 .00 6.4 .00 (')M 

736 12307012 WARHOUTH 12 .1 .01 19.1 .34 6.4 .40 38.3 .75 0 

736 123070)3 REDBREAST SUNFI 2.1 .00 .0 .00 .0 .00 2.1 .00 ;j~ 
V1 

136 12307017 BLUEGilL 2 ",81 .2 " .49 446.8 6.21 142.6 9.31 3.076.6 20.07 ~I 

736 12301019 LONGfAR SUNF ISH 121.] 2.17 414.9 5.13 .0 .00 1.136.2 1.30 Or\) 8W 
136 12307020 REDUR SUNfiSH 151.4 .41 57.4 1.27 117.0 13.16 331.9 15.44 ~ 13ft 12308026 SPOTTED BASS 72.3 .38 17.0 .41 2.1' .23 9l.5 1.03 0 
736 123011027 LA RGEMOUTH BASS 2.1 .02 21.3 1.11 12.8 l.89 36.2 5.01 E;j 
136 12309029 IIH I Tf CUPP IE .0 .00 2.1 .09 .0 .00 2.1 .09 
736 12403075 YEllOII PUCH 102.1 1.23 .0 .00 .0 .00 102.1 1.23 CJ) 

736 12404077 LOGPUCH 112.8 .87 .0 .00 .0 .00 112.8 .87 ~ 736 12405097 SAUCER .0 .00 .0 .00 4.3 .85 4.3 .85 
736 12501001 FRESHWATER DRUM .0 .00 17.0 1.08 55.3 11.32 72.3 12.,.0 t-' 

M 736 12905002 BROOK SILVERSID 470.2 .50 .0 .00 .0 .00 410.2 .50 CJ) 

SAMPLE TOTAL 13 .023.2 40.07 1.004.1 16.11 1,272 .4 180.28 15.300.0 231.06 



SIZE DISTRIBUTION PER HECTARE BY SAMPLE

NUMBER WE IGHT
COMMON YOUNG- YOUNG- NUMBER WE IGHT NUMBER WE IGHT NUMBER WEIGHT

SAMPLE SPECIES NAME OF-YEAR OF-YEAR INTER INTER HARVEST HARVEST TOTAL TOTAL

1-, 10601003 SKIPJACK HERRIN .0 .00 .0 .00 - 9.3 2.39 9.3 2.39
737 10604007 GIZZARD SHAD 39.5 .51 .0 .00 1,961.4 199.29 2,020.9 199.80
737 10604008 THREADFIN SHAD 7,188.4 22.20 .0 .00 .0 .00 7,188.4 22.20
737 11105012 CAFP * .0 .00 .0 .00 18.6 63.74 18.6 63.74
737 11114052 SILVER CHUB 62.8 1.18 .0 .00 .0 .00 62.8 1.18
737 11124061 GOLDEN SHINER 214.0 6.10 .0 .00 .0 .00 214.0 6.10
737 11129169 BULLHEAD MINNOW 1,955.8 2.14 .0 .00 .0 .00 1,955.8 2.14 n
737 11201001 RIVER CARPSUCKE 14.0 .91 .0 .00 .0 .00 14.0 .91 0
737 11207030 SPALLHDUTH BUFF .0 .00 .0 .00 2.3 6.86 2.3 6.86
737 11209034 SPOIlED SUCKER 60.5 1.10 14.0 2.30 69.8 29.32 144.2 32.73
737 11210044 BLACK REDHORSE .0 .00 .0 .00 4.7 3.30 4.7 3.30
737 11210045 GOLDEN REDHORSE .0 .00 .0 .00 2.3 .54 2.3 .54
737 11301009 CHANNEL CATFISH .0 .00 .0 .00 48.8 40.47 48.8 40.47 0737 11303032 FLATHEAD CATFIS .0 .00 .0 .00 2.3 1.00 2.3 1.00 _

737 11602001 MOSOUITOFISH 25.6 .03 .0 .00 .0 .00 25.6 .03
737 12201002 WHITE BASS 16.3 .34 7.0 .47 2.3 .20 25.6 1.09 :
737 12201003 YELLOW BASS 2.3 .08 30.2 2.13 7.0 .67 39.5 3.07
737 12307012 WARMOUTH 120.9 .18 25.6 .50 7.0 .61 153.5 1.29
737 1230"013 REDBREAST SUNFI 18.6 .04 9.3 .11 .0 .00 27.9 .15
737 1230 7014 GREEN .SUNFISH .0 .00 2.3 .04 .0 .00 2.3 .04
737 12307017 BLUEGILL 5,127.9 8.30 1,107.0 15.21 200.0 10.93 6,434.9 34.44 <:
737 12307020 REDEAR SUNFISH 325.6 1.40 237.2 5.72 104.7 7.12 667.4 14.32 \-"
737 12308026 SPOTIED BASS 118.6 050 7.0 .09 .0 .00 125.6 .59 w I0 ND
737 12308027 LA.RGEMOUTH BASS 14.0 .12 39.5 2.00 23.3 9.83 76.7 11.94 - Ir-
737 12309029 Wi&IE CRAPPIE .0 .00 11.6 .56 20.9 2.93 32.6 3.49
737 12403075 YELLOW PERCH 11.6 .13 .0 .00 .0 .00 11.6 .13 o
737 12404077 LOGPERCH 16.3 .09 .0 .00 .0 .00 16.3 .09 :
737 12405097 SAUGER .0 .00 .0 .00 11.6 2.61 11.6 2.61
737 12501001 FRESHWATER DRUM 32.6 .43 230.2 12.17 179.1 33.15 441.9 45.74
737 12905002 BROOK SILVERSID 14.0 .01 .0 .00 . .0 .00 14.0 .01

SAMPLE TOTAL 15,379.3 45.87 1,720.9 41.30 2,695.4 415.24 19,795.4 502.39
m3

_ t l , .. . . damn .No _d ý lomb mmm -edo bom woom dm m

Silt DISTRIBUTION PER HECTARE BY SAMPLE 

NUMBER WEIC,Hl 
COMMON YOUN&- YOUN&- NUHBER WEIGHT NUMBER WEIGHT NUHBER IIEI&HT 

SAMPLE SPEC IES NAME Of-YEAR OF-YEAR INTER INTER HARVEST HARVEST TOTAL TOTAL 

1~' . 10601003 SKIPJACK HERRIN .0 .00 .0 .00 9.) 2.39 9.3 2.39 
131 10604001 GlZlARD SHAD 39.5 .51 .0 .00 1.981.4 199.29 2,020.9 199.80 
131 10604008 IHRlADFIN SHAD 1.188 .4 22.2.0 .0 .00 .0 .00 7,188.4 22.20 
731 III 05012 CHP' .0 .00 .0 .00 18 .6 63.74 18.6 63.74 
131 11114052 SIUH CHUB 62.8 1.18 .0 .00 .0 .00 62.8 1.18 
131 11124061 'OLDEN SHINER 214.0 6.10 .0 .00 .0 .00 214.0 6.10 
131 11129169 BUllHEAD MINNOW 1.955.8 2.14 .0 .00 .0 .00 1.955.8 2.14 (J 
731 11201001 ItJHR CARPSU(kE 14.0 .91 .0 .00 .0 .00 14.0 .91 

~ 131 11<'07030 S"AlLMDUTH BUff .0 .00 .0 .00 2.3 6.86 2.3 6.86 
131 11109034 SPOllED SUCKER 60.5 1.10 14.0 2.30 69.8 29.32 144.2 32.13 

~ 131 11210044 BLACK REDHDRSE .0 .00 .0 .00 4.1 3.30 4.7 3~30 
131 11210045 GOLDU REDHORSf .0 .00 .0 .00 2.3 .54 2.3 .54 ~ 

131 11301009 (HA hNEL CA Tf ISH .0 .00 .0 .00 48.8 40.41 48.8 40.41 0 
137 11303032 FLATHEAD CATFIS .0 .00 .0 .00 2.3 1.00 2.3 1.00 c: 
131 11602001 MOSQUITOF ISH 25.6 .03 .0 .00 .0 .00 25.6 .01 ~ 
731 12101002 WHITE BASS 16.3 .14 1.0 .47 2.3 .28 25.6 1.09 c: 
131 12201003 YEllOW BASS 2.3 .08 30.2 2.U 1.0 .81 39.5 3.07 1-3 

731 12307012 WARMOUTH 120.9 .18 25.6 .50 1.0 .61 153.5 1.29 ~~ 737 1230"013 REDBREAST SUNFl 18.6 .Ole 9.3 .11 .0 .00 21.9 .15 t-< 
737 12307!lJ4 GREEN .SUNf ISH .0 .00 2.3 .04 .0 .00 2.3 .04 (Jt>:J 

::> 
737 12301011 8lUE{,ILl 5,127.9 B.30 1.101.0 15.21 200.0 10.93 6,434.9 14.44 <:~ 

131 J2301020 REOEAR SUNfiSH 325.6 1.48 231.2 5.12 104.1 1.12 6U.4 14.32 t=Jo 
V1 

731 12308026 SPOllED BASS 111 .6 .50 7.0 .09 .0 .00 H5.6 .~9 ::01 
137 12308021 URCE"DUTH BASS llt.O .12 39.5 2.00 23.1 9.83 16.1 11.94 Of\) 

1-3l::"" 
131 12309029 ii'H IE CRAPP If .0 .00 11.6 .56 20.9 2.93 32.6 3.49 ~ 737 12403075 YEL lOW PERCH 11.6 .13 .0 .00 .0 .00 11.6 .13 0 
731 12404017 lOC.PERCH 16.3 .09 .0 .00 .0 .00 16.3 .09 2: 

t>:J 737 J2405097 saUGER .0 .00 .0 .00 11.6 2.61 11.6 2.61 
1H 12501001 fRESHWATER ORU" 32.6 .43 230.2 12.17 119.1 33.15 441.9 45.14 :Il 

731 12905002 BROOK SILVfRSID 14.0 .01 .0 .00 .0 .00 lie .0 .01 ~ SA"PLf TOTAL 15,319.3 45.81 1.720.9 lel.30 2.695.4 415.24 19.195.4 502.39 t-< 
I:%j 
U) 

-- ---- _ ........ -,.- _ ....... ----- - - -



SIZE DISTRIBUTION PER IIECTARE BY SAMPLE

NUMBER WEIGHT
COMMON YOUNG- YOUNG- NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT

SAMPLE SPECIES NAME OF-YEAR OF-YEAR INTER INTER HARVEST HARVEST TOTAL 07AL

738 10401001 SPOTTED GAR .0 .00 12.1 3.38 48.5 34.36 60.6 37.74
738 10601003 SKIPJACK HERRIN 6.1 .07 .0 .00 .0 .00 6.1 .07
738 10604000 242.4 .05 .0 .00 .0 .00 242.4 .05
73B 10604007 GIZZARD SHAD 5,657.6 48.36 .0 .00 266.7 26.45 5,924.2 74.81
738 10604008 THREADFIN SHAD 1,545.5 1.59 .0 .00 .0 .00 1,545.5 1.59
738 11105012 CARP .0 .00 .0 .00 87.9 162.94 87.9 162.94
738 11124061 GOLDEN SHINER 24.2 .05 .0 .00 .0 .00 24.2 .05
738 11125000 6.1 .00 .0 .00 .0 .00 6.1 .00 0
738 11129169 BULLHEAD MINNOW 39.4 .02 .0 .0O .0 .00 39.4 .02
738 11207030 SMALLMOUTH BUFF 3.0 .03 .0 .00 51.5 127.12 54.5 127.15
738 11209034 SPOTTED SUCKER .0 .00 .0 .00 63.6 33.63 63.6 33.b3
738 11210045 GULDEN REDHORSE .0 .00 .0 .00 15.2 10.26 15.2 10.26
738 11301002 BLUE CATFISH 15.2 .08 .0 .00 .0 .00 15.2 .08 o
738 11301009 CHANNEL CATFISH .0 .00 3.0 .08 15.2 8.99 18.2 9.07
738 11303032 FLATHEAD CATFIS .0 .00 .0 .00 3.0 1.72 3.0 1.72
738 11602001 KOSQUITOFISH 57.6 .07 .0 .00 .0 .00 57.6 .07
738 12201002 WHITE BASS 3.0 .05 .0 .00 .0 .00 3.0 .05
738 12201003 YELLOW BASS 9.1 .15 .0 .00 6.1 .76 15.2 .92
738 12307012 UARMOUTH 27.3 .07 3.0 .07 .0 .00 30.3 .14 t-,
738 12307017 BLUEGILL 403.0 .55 60.6 1.00 97.0 8.16 S60.6 9.71 C-1
738 12307020 REOEAR SUNFISH 27.3 .10 .0 .00 .0 .00 27.3 .10 0
738 12308026 SPOTTED BASS 39.4 .25 .0 .00 .0 .00 39.4 .25 \.n
738 12308027 LARGEMOUTH BASS .0 .00 3.0 .05 3.0 5.00 6.1 5.05 w I0 ro738 12309029 WHITE CRAPPIE 127.3 .36 51.5 .44 15.2 2.72 193.9 3.52 3738 12501001 FRESHWATER DRUM 224.2 1.37 163.6 10.06 272.7 32.20 660.6 43.63
738 12905002 BROCK SILVERSID 15.2 .01 .0 .00 .0 .00 15.2 .01 0

SAMPLE TOTAL 8,472.9 53.23 296.8 15.08 945.6 454.31 9,715.3 522.63 to

SllE DISTRIBUTION PER nEtTARf. BY SAMPLE 

NUMBER IIEIGHT 
(OHMON YDUN&- YOUNG- NUMBER IiEIC.HT NUMBER IIEIC.HT NUMBER IIEIGHT 

5AHPLE SPECIES NAME Of-YEAR Of-YEAR INTER INTER HARVEST HARVEST TOTAL 101 AL 

738 10401001 SPOTHD GAR .0 .00 12.1 3.38 48 .. 5 31t.36 60.6 31.14 
738 10601003 SI< IPJA(I< HERR IN 6.1 .01 .0 .00 .0 .00 6.1 .01 
13B 10604000 242.4 .05 .0 .00 .0 .00 242.It .os 
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8 738 12201002 WHITE 8AS$ 3.0 .05 .0 .00 .0 .00 3.0 .05 8 
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Question Number 3.6:

Provide a copy of detailed drawings of the intake systems showing the
relationship of source water interception, with bottom contour map.

Response:

See Figure 3.6-1 (included with this response) for a drawing of the intake
systems which shows the contours along the intake channel out into the river.
The response to Question Number 3.7 provides a contour map of the river
bottom adjacent to the plant site.
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Question Number 3.7:

Provide a legible copy of bottom contour map presented in TVA's Environ-
mental Information (page A-12).

Response:

See Figure 3.7-1 (included with this response).
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Question Number 3.8:

Discuss status of diffuser construction. Describe control and monitoring
programs used to minimize and detect dredging effects during intake and
discharge systems construw'tion. Describe the role of TVA in supervision
of the dredging operations.

Response:

Status of Diffuser Construction & Monitoring Program

The dredging contractor has completed excavation in the river for the
diffuser pipes. A thick limestone rock lens was encountered in the last
75 feet of the upstream diffuser foundation. The contractor utilized
a rock drill to line drill through, the lens, a battering ram to further
fracture the rock, and the customary shovel front to complete the excavation
of rock. Although this procedure is more costly than would be expected
for blasting, TVA has consistently pursued effective methods of construction
which would result in minimal adverse environmental impacts at the Watts Bar
Nuclear Plant.

At the NRC site visit on February 23 & 24k, 1977, TVA indicated that dredging
of such a small volume of material (approximately 1600 cu. yds.) would
normally be a three day job. The NRC staff agreed that an extensive moni-
toring program for such a small volume dredge operation would be impractical.
Although, the total time spent (nearly two months) on the dredging operation
was longer than TVA had initially anticipated, the volume removed was
unchanged. The greater length of time required to complete the job was due to
the following delays:

(a) The last T5 feet of the upper diffuser has a limestone lens that ran
from 4 to 7 feet thick and the contractor had to line drill and ram the
limestone to remove it with the shovel front. The time spent drilling
and removing the rock was responsible for the maJor portion of the delay
in excavation. At any given time the amount removed was extremely small
and materials handling was very limited.

(b) High rainfall caused a delay of approximately 7 to 10 days while waiting
for reservoir pool levels to recede.

(c) The contractor had to modify his line drill operation even after water
level recession (added approximately 11 feet to the length) because of
unusually high rainfall in the Chickamauga and Watts Bar reservoir 'water-
sheds.

TVA has started excavation on the riverbank portion (approximately 50 feet) of
the diffuser. This work will require approximately ten working days to complete,
but only two days will be required for actual dredging~.

The precast panels are ready, all pipe has been received, and all miscellaneous
hardware with the exception of the turn buckles has been received.
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The observation of the dredging effects during excavation of the diffuser dis-
charge was included in the routine preoperational water quality surveys.
Experienced TVA personnel evaluated the conditions and determined that the
dredging effects were held to a minimum because of the nature of the substrate
(rock) and the small volume of spoil material handled at any given time.

The spoil material from the dredging operation was loaded onto barges and
taken to the upper side of the coal docking facility at the Watts Bar Steam
Plant. It was then loaded onto TVA trucks and used for fill and grading
at the site.

Proposed Intake Monitoring:

Monitoring the removal of the intake channel plug will be performed
by TVA personnel and will be more extensive than that performed on the diffuser
excavation. The monitoring will involve observations, pictures, and sampling
of the potential plume resulting from breeching and clam shell or bucket
excavation from the river side. Controls will be through the project manage-
ment inspector and Division of Environmental Planning consultation.

Role of TVA in' Supervision of Dredging Operation:

TVA is monitoring the contractor's operation (both discharge diffuser and intake
channel) by providing a full time inspector who (1) verifies contractor's lines
and grades, (2) coordinates between the contractor and TVA, and (3) prepares
progress reports and pay estimates. TVA divers visually inspect for confor-
mance with design requirements all underwater areas along the river bottom
where the dredging operations take place.
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Question Number 3.9:

Are any reports available on results of TVA's investigation into "...methods
of increasing the DO levels in the releases from its headwater (storage)
reservoirs" (FES, page 1.1-24 and Environmental Information, page B-12)?
If so, provide a copy. If not, indicate when such reports will be available.

Response:

Six copies of the following reports have been included in a separate package
that is being transmitted directly to the NRC staff Environmental Project
Manager (on Watts Bar Nuclear Plant) for distribution to the appropriate
NRC staff technical reviewer(s).

"Investigation of Oxygen Injection Using Small-Bubble
Diffusers at Fort Patrick Henry Dam, " by William R.
Nicholas and Richard J. Ruane, TVA, Division of
Environmental Planning, Water Quality and Ecology
Branch, Chattanooga, Tennessee, October 24, 1975.
Presented at Symposium on Reaeration Research,
ASCE Hydraulics Division, Gatlinburg, Tennessee,
October 28-30, 1975.

"Oxygenation of Turbine Discharges from Fort Patrick
Henry Dam," by R. J. Ruane, TVA, Division of
Environmental Planning, Water Quality and Ecology
Branch, Chattanooga, Tennessee, and Dr. Svein Vigander,
TVA, Division of Water Management, Water Systems Develop-
ment Branch, Norris, Tennessee. Applications of
Commercial Oxygen to Water and Wastewater Systems,
Water Resources Symposium No. 6, Center for Research
in Water Resources, edited by Speece and Malina,
page 291 (1973).

Preliminary Draft of Report "Oxygenation System Cost
Estimates, Fort Patrick Henry Dam, Advance Report No. 28,"
Tennessee Valley Authority, Division of Water Management,
Water Systems Development Branch, Norris, Tennessee,
February 1977. Report No. 24-48.
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4. HYDROLOGY

Question Number 4.1:

The ES states that there are four public water supplies taken from the Watts
Bar and Chickamauga Reservoirs within the reach from Lenoir City, 73 miles
upstream of the site, to the Daisy-Soddy-Falling Water Utility District
45 miles downstream of the site; yet you list only three. Provide a
list of the four public water supplies.

TVA's Response:

There was no inconsistency in the water use information provided in the
Environmental Information. All public water supplies within a 20-mile
radius of the site including supplies taken from the Tennessee River
between Fort Loudoun and Chickamauga Dams were listed on Table 1.1-13.
Four of the supplies listed (Lenoir City, Spring City, Dayton, and
Daisy-Soddy-Falling Water Utility District) are taken from Watts Bar
and Chickamauga Reservoir, as stated in the text.

Specific comments on three of the above four supplies were included in
the text, along with comments on two other supplies outside the area
included on Table 1.1-13. This additional information was included
because of its particular pertinence to the relationship between the
Watts Bar Nuclear Plant and these particular public water supplies.

An updated and revised table of public water supplies within a 20-mile
radius of the plant, and supplies taken from the Tennessee River between
Fort Loudoun and Chickamauga Dams, is included here as Table 4.1-1. Also
see Figure 4.1-1 of this response.
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Table 4. i-i

Water Supplies Within a 2r.• M4le Radius of The
Watts Bar Nuclear Plant

Approx
Radial
Distani

Name From S.
Hilei

Est. Average
cc Population Daily
itea Served Use'
s Gallons

PUBLIC GROUND WATER SUPPLIES

Source and Location

TENNESSEE

McMinn Co.

1 E. K. Baker School

2 Idlevild Elem. School

3 Niota

4 Riceville U.D.

Meigs Co.

5 Cedar Valley Elem.
School

6 Decatur

7 Eastview Elem. School

8 Fairview Elem. School

9 Ten Mile Elem. School

Monroe Co.

10 Sweetwater

9.2

8.6

17.1

17.0

12.5

3.3

19.7

3.0

7.9

17.5

7.0

12.3

11.7

7.6

40.3

19.2

18.9

17.6

340

170

2,500

580

190

1,500

130

180

170

5,000

120

125

150

2,300

5,000

290

195

10,000

8,500

4.300

290,000

18,000

47,000

117,000

3,200

4,600

4,200

700,000

6,000

3,100

3,800

300,000

315,000

7,200

4,900

1,420.000

Well

Well

Spring

Spring

Well

Spring

Well

Well

Well

11

12

13

14

15

16

17

18

Rhea Co.

Cedine Bible Camp

Evensville Elem. School

Frazier Elem. School

Spring City

Roane Co.

Kingston

Midway High School

Paint Rock Elem. School

Rockwood

Spring (902); Sweetwater Cr.
21.6 (102)

Well

Well

Well

Spring (67Z); Piney River 5.7 (33%)

Spring (91); TRM 568.3 (9%)

Spring

Well

Spring (99%); King Creek 1.3 (1%)

directly from the Tennessee Rivera. Radial distance to all supplies except those which take water
which are shwn as river mile distance from TiN 528.0.

TENNESSEE 

~.££:.. 

1 E. K. Baker School 

2 Idlewild Elelll. School 

3 Niota 

4 Riceville U.D. 

Meigs Co. 

5 Cedar Valley Elem. 
School 

6 Decatur 

7 Eastview Elem. School 

8 Fairview E1em. SchOOl 

9 Ten Hill' Elem. School 

Monroe Co. 

10 Sweetwater 

Rhea Co. 

11 Cedine Bible Camp 

12 Evensville Elelll. School 

13 Frazier Elem. School 

14 Spring City 

Roane Co. 

15 Kingston 

16 Midway High School 

17 Pnint Rock Elelll. School 

18 Rockwood 
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Table 4.1-1 

Water Supplies Within a lr. ~Ile Radius of The 
Watts Bar Nuclear Plant 

Approx. 
Radial 
Distance 
From Sitea 

Hiles 

Est. 
Population 
Served 

Average 
Daily 
Use' 
'CiIlOn6 

PUBLIC GROUND WATER SUPPLIES 

9.2 340 8,500 

8.6 170 4,300 

17.1 2,500 290,000 

17.0 580 18,000 

12.S 190 47,000 

3.3 1,500 117,000 

19.7 130 1,200 

3.0 180 4,600 

7.9 170 4,200 

17.5 5,000 700,000 

7.0 120 6,000 

12.3 125 3,100 

11.7 150 3,800 

7.6 2,300 )00,000 

40.3 5,000 315,000 

19.2 290 7.200 

18.9 195 4.900 

17.6 10,000 1.420,000 

Source and Location 

Well 

Well 

Spring 

Spring 

Well 

Spring 

Well 

Well 

Well 

Spring (90%); Sweetwater Cr. 
21.6 (l0%) 

1.1,,11 

Well 

Sprtng (67%); Piney River 5.7 (33%) 

Spring (91%): TRH 568.3 (9%) 

Spring 

Well 

Spring (99%); King Creek 1.3 (1%) 

a. Radial distl1nc(' to all Rupplies except thost' which take water directly from the Tenn('ssee River 
whIch are shawn a. river mile diatance from TIH 528.0. 
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Table 4.1-1, (cont'd)

W.ater Sulp]iLes Within a 20-.ile Radius of Th,.
Watts Bar Nuclw.ar V'l:nt Including Suppi |,' Taken From the Tennesse,,

River Between Ft. Loudoun and Chickamauga Dams

Name

Approx.
Water Route
Distance
From Site

Miles

PUBLIC

Es t.
Population
Served

SURFACE WATER

Average
Daily
Une

Gallons

SUPPLIES

Source and Locati(on

TENNESSEE

Hamilton Co.
1 Dalsy-Soddy-Falling 44.7

Water U.D.

2 Loudon Co.
Lenoir City 73.3

3 Loudon 64.3

Mc~inn Co.
4 Athens 13.7

5 Englewood 19.2

Rhea Co.

6 Dayton 24.2

7 Ozone Presbyterian Church 18.4

Roane Co.

8 Camp John Knox 27.7

8,500

6,600

5,200

15.000

1,810

6,150

100

400,000 Soddy Cr.-emb. 4.2 (67%) and Well (33%)

950,000

576.000

1,852,000

253.000

1,366,000

5.000

TRI 601.3

TRM 592.3 (50%) and Spring (50%)

0Ostanaula Cr. 35.2 (50%) and Spring
(50%)

Middle Cr. 1.8

TRM 503.8

Fall Branch 1.4

130 4.500 TRM 555.7

1 

2 

3 

4 

5 

6 

7 

B 
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Table 4.1-1, (cont'd) 

W.,r t:r Supplies Within" 20,1111,. Rn,liu5 c'/ 11,,· 
W .. tt~ Bar NU~)"ar )')'lIIl Inc-ludlng Supl')I,'~ "aken From the Tennesflf'" 

River Between Ft. Loudoun and Chickamauga Dams 

TENNESSEE 

Hamilton Co. 
Dai8y-Soddy-fal1in~ 
Water U.D. 

Loudon Co. 
Lenoir City 

Loudon 

HcHinn Co. 
Athens 

Englewood 

Rhea Co. 

Dayton 

Ozone Presbyterian Church 

Roane Co. 

Camp John Knox 

Approx. 
Water Route 
Disenn.-e 
From Sit ... 

HUes 

Est. 
Population 
Served 

Average 
Dally 
Ul'le 
~5 

PUBLIC SURFACE WATER SUPPLIES 

44.7 8,~OO 400,000 

73. J 6,600 9~O,OOO 

64.3 5,200 576,000 

13.7 15,000 1,852,000 

19.2 1,810 253,000 

21, .2 6,nO 1,366,000 

18.4 100 5,000 

27.7 130 4,500 

~.'~ nnd locat t on 

Soddy Cr.-emb. 4.2 (67%) and Well (33%) 

TRH 601.) 

TRH 592.3 (50%) and Spring (50%) 

Ooslllnauia Cr. 35.2 (50%) and Spring 
(SO%) 

Kiddle Cr. 1.8 

TRH 50).8 

Fall Branch 1.4 

TRM 555.7 
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Table 4.1-1, (cont'd)

Water Supplies Within a 21-Mile Radius nf The
Watts Bar Nuclear Plant Including Supplies Taken From the Tennessee

River Betveen Ft. Loudoun and Chickamauga Dams

I
Approx.

Water Route

Distance
From Site

Miles

Est.
Population
Served

Average
Daily
Use
Gallons

Name Source and Location

INDUSTRIAL SURFACE WATER SUPPLIES

Hamilton Co.

1-I C. F. Industriesa

2-1 I.C.I. America (VAAP)c

3-1 TVA - Sequoyah Nuclear
Plantd

Loudon Co.

4-1 Union Carbide Corp.

Monroe Co.

3-I Carolyn Products. Inc.

Rhea Co.

6-I Southern Silk Mills

55.0

55.0

43.5

64.0

19.2

210 3 , 14 0 , 0 0 0b TRM 473.0

2,000 50.000,000 TRN 473.0

300 1,616.5X10
6

e TRM 484.5

430 3,272,000 TRM 592.0 (702); Spring (29Z); M (12)

150

850

655,000 Sweetwater Cr. 20.8 (95%); M (52)

300,000 Piney River 7.8 (84%); M (16%)

7-I TVA - Watts Bar
Nuclear Plant

8-1 TVA - Watts Bar
Steam Plant

9.2

-0-

1.9

300 111,166.500e

100 4 4 9. 7 2 6 ,OO0f

water within the plant.
81.0 MGD recirculation.

ion.
makeup.

TRM 528.0

TRM 529.0

a.
b.
C.
d.
e.
f.

Water is also used for potable
Does not Include approximately
Plant Is presently closed.
Plant presently under construct
Cooling water and cooling tower
Primarily cooling water.

I-I 

2-1 

3-1 

4-1 

S-I 

6-1 

7-1 

8-1 

(4_1, ) 
Table 4.1-1, (cont'd) 

Water ~upplies Within a 21-Hlle RadluR nf TIle 
Watts Bar Nuclear rlant InclUding Supplies Taken From lh" Tennessee 

River Between Ft. Loudoun ~nd Chickamauga Dams 

Approx. 
Water Route 
DistanC'e 
From Site 

HUes 

Est. 
Population 
Served 

Average 
Da11y 
Use 
GiiTIinIs 

INDUSTRIAL SURFACE WATER SUPPLIES 

Hamilton Co. 

C. F. Industries a 55.0 210 3.140.000" 

I.C.I. A~er1ca (VAAP)c 55.0 2.000 50,000,000 

TVA - dSequoyah Nuclear 
1.616.5Xl06e Plant 43.5 300 

Loudon Co. 

Union Csrbide Corp. 64.0 430 3.272.000 

Monroe Co. 

Carolyn Products. Inc. 19.2 150 655.000 

!:hea Co. 

Southern SUk MUla 9.2 850 300.000 

TVA - Watts Bar 
Nuclear Plant -0- 300 1ll,l66,500e 

TViI - Watts Bar 
449. 726.oo0 f Steam Plant 1.9 100 

a. Water ia also uaed for potable water Within the plant. 
b. Does not include approximately 81.0 HGD recirculation. 
c. Plant is presently closed. 
d. Plant presently under construction. 
e. Cooling water and cooling tower makeup. 
f. Primarily coo11ng water. 

Source and Location 

TRM 47).0 

TRH 473.0 

TRM 484.5 

TRH 592.0 (70%); Spring (29%); /I (1%) 

Sweetwater Cr. 20.8 (95%); H (5%) 

Piney River 7.8 (84%); M (16%) 

TRM 528.0 

TRH 529.0 

1 
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Table 4.1-i, (cont'd)

WaLer Supplle~i Within a 70-Mle. Radius of "the

Watts Bar Nucr.ar Plent

Appri
Radii
Dist4

Name From
Mi:

11 Est. Average
ance Population Daily
Site!• Served Use

Lee Callona

INDUSTRIAL GROUND WATER SUPPLIES

Source and Location

Loudon Co.

1-1 Charles H. Bacon Co.
(Loudon)

McMinn Co.

2-1 Athens Hosiery Kill. Inc.

3-1 Athens Stove Works

4-I Cherokee Photo Finishers

5-I Crescent Hosiery Hill

6-1 Hayfield Dairy Farm, Inc.

7-I Plastic Industries, Inc.

Monroe Co.

8-I Sweetwater Hosiery Hills

Rhea Co.

9-I TVA - Watts b ar
Reservation-.-

63.4

13.0

13.8

12.7

15.6

15.0

13.4

16.6

600 350,000 Spring (75%);
M (5%)

TRM 591.4 (202);

170

400

50

125

345

210

239,000

160,000

59,000-

25,000

290,000

10,000

Well

Well

Well

Well

Well

Well

90 24,000 Spring (97%); M(3%)

1.0 480 44,980 Wella-€

a. Radial distance to all supplies except those which take voter directly from the Tennessee River
which are shown as river mile distance from TRM 528.0

b. Supplies potable water to nuclear plant, steam plant, hydro plant, and resort area.

c. The Watts Bar Reservation potable ground water supply is not completely operational at this time.
Host of the water requirements are being supplied by two wells. However, this is supplemented, as
needed, by surface water treated in the old reservation water plant which withdraws water from Watts
Bar Reservoir at the dam. The surface water plant Is operated approximately once each week,
regardless of need, to maintain plant readiness. A third well is being developed which will provide
sufficient capacity for the ground water supply to meet all the reservation needs. This well is
exDected to be integrated into the system by December 1977, at which time the old surface water

plant will be retired.

l~l 

2~I 

3~1 

4~I 

5~1 

~I 

7-1 

8~1 

9-1 

(4-5) 
Table 4.1-1, (cont'd) 

\.IlIlpr SUI'" I I '''' Within II }(I-HII.· RAdiua of n.e 
\.latta Bar Huel,·.r rlant 

Loudon Co. 

Charles H. Bacon Co. 
(Loudon) 

HcHinn Co. 

Athena Hosiery HUI, Inc. 

Athens Stove Works 

Cherokee Photo Finishers 

Crescent Hoaiery Hill 

Mayfield Dairy FanD, Inc. 

Plastic Industries, Inc. 

Honroe Co. 

Sweetwater Hosiery HUls 

Rhea Co. 

TVA - wattsb,ar 
Reaerva tiOI\.-

Approx. 
Radial 
Distance I 
From SHe! 

MUes 

Est. 
Population 
Served 

Aversge 
DRily 
Use 
CaIloii8 

INDUSTRIAL CROuND WATER SUPPLIES 

6).4 600 350,000 

ll.O 17D 239,000 

13.8 400 160,000 

12.1 ~o 59,000' 

15.6 12~ 25,000 

15.0 345 290,000 

13.4 210 10,000 

16.6 90 24,000 

1.0 480 44,980 

Source snd Location 

Spring (75%); TAM 591.4 (20%); 
H (5%) 

Well 

Well 

Well 

Well 

Well 

Well 

Spring (97%); H(3%) 

We1l8~/ 

a. Radial diatance to all suppliea except those which take vater directly fro. the Tenneaaee liver 
which are ahown as river mile diatance fro. TRH 528.0 

b. Supplies potable water to nuclear plant, ateam plant, hydro plsnt, and resort area. 

c. The Watts Bar Reservation potable ground vater supply i8 not completely operational at thia time. 
Most of the water requirements are being supplied by two weUs. However. ·this is supplemented, a8 
needed, by aurface water treated In the old reservation vater plsnt vhich withdraws vater from Watts 
Bar Reservoir at the dam. The surface vater plant 18 operated Approximately once each veek, 
regardless of need. to maintain plant rea4iness. A third well i8 beins developed which viII provide 
sufficient capacity for the ground vater supply to meet all the reaervation need.. Thi. well i. 
eXDected to be intesrated into the ayatem by December 1977, at which time the old surface vater 
plant· w11l be retired. 
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WATTS BAR NUCIEAR PLANT

Plant Site

M Surface Water Supply

* Ground Water Supply

NOTE: The number associated with
the symbol cnrresponds to
the numbering in tables

P,,blic Water Supplies
Within n 20-Mile Radius
of the plant site

:mrll or Mi )n•

10 0 10 20Lo oi~wH- __ O___ --

I

I
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Question Number 4.2:

Discuss the potential scouring aLssociated with the discharge section of the
heat-dissipation system.

Response:

If the angle of discharge for the diffuser Jets were less than 200,
scouring of the river bottom by the jets would probably occur. However, as
indicated in the response to Qaestion Number 4.5, the ports of the diffuser
system at the Watts Bar Nuclear Plant will discharge at an angle of 450
from the horizontal; therefore, no scouring of the river bottom is expected.

(4-7) 

Question Number 4.2: 

Discuss the potential ~eouring associated wj th the discharge section of the 
heat-dissipation system. 

Response: 

If the angle of discharge for the diffuser jets were less than 20°, 
scouring of the river bottom by the jets would probably occur. However, as 
indicated in the response to Q~estion Number 4.5. the ports of the diffuser 
system at the Watts Bar Nuclear Plant will discharge at an angle of 450 

from the horizontal; therefore. no scouring of the river bottom is expected. 



Q~uestion, Number 4.3:

Provide the cross-sectional area ,f the intake channel and hn--r it varies
along the channel length.

Ne.÷snonse:

See Figure 3.6-1 (included with respon.re to Q'uestion Number 3.6) for a
drawing of the intake channel zhn'win :, ross-zectionap area variations
a1n.-rj the channel! leng±.

?rovide the cross-sectional area ~,:' -:!"!~ intake, '2hannel a:1(l ho'v; it varies 
alo~; thE channel length. 

~7.s'!JO!1se: 

See :'igure 3.6-l (incl'..H:ted "ith :!"espo!",:;,;;: to (:uestior, Nw!-6er 3.6) :for a 
d:ra:t.ting of the intake Ch9..!1ne~L ~:~('I"(;iY!:~ :"ross-~;ecti0naJ a:rea variations 
aJ.c 1:1:<: the channe:1 ~erlc;_h. 

t 

1 

, 
, 
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Question Number 4.4:

Provide a detailed diagram of the intake structure. Show the location of
the trash racks; wave barriers, and traveling screens and provide plans
and cross sections of the intake structure with all pertinent elevations.
Describe the systems for handling the debris and the fish return.

Response:

See Figures 4.4-1 thru 4.4-5 (included with this response).

The intake structure provides trash racks and vertical traveling screens
for handling debris. Large debris is retained on the trash racks while
small debris passes through the tra;h racks and is retained on the vertical
traveling screens. The screens are rotated and debris is removed by spray
washing. The washwater and debris flows into a trash sluice which dis-
charges into a catch basin located on the west end of the Intake Pumping
Station. The washwater and debris ultimately reaches the Yard Drainage
Holding Pond where the debris is retained.

The Planned operation does not provide for separation of fish and debris.
There are no wave barriers associated with the Intake Pumping Station.

(4-9) 

Question Number 4.4: 

Provide a d~tailed diagram of the intake structure. Show the location of 
the trash racks; wave barriers. and traveling screens and provide plans 
and cross sections of the intake structure with all pertinent elevations. 
Describe the systems for handling the debris and the fish return. 

Respon"e: 

See Figures 4.4-1 thru 4.4-5 (included with this response). 

The intake structure provides trash racks and vertical traveling screens 
for handling debris. Large debris is retained on the trash racks while 
small debris passes thrnuc;h the tra~;h racks and is retai.ned on the vertica.l 
traveling screens. The screens are rotated and debris .is removed by spray 
washing. The washwater and debris flows into a trash sluice which dis
charges into a catch basin located on the west end of the Intake Pumping 
Station. The washwater and debris ultimately reaches the Yard Drainage 
Holding Pond where the debris is retained. 

The planned operation does not provide for separation of fish and debris. 
There are no wave barriers associated with the Intake Pumping Station. 
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Question Number 4.5:

Provide a detailed description of the diffuser to supplement the infor-
mation provided in the Environmental Information Report. Include such
information as the type, angle of disc1•irge, etc.

Response:

Included with this response is a report entitled "Results of Hydrothermal
Model Studies of the Multiport Diffuser System, Watts Bar Nuclear Plant."
This report provides the detailed information requested. With the excep-
tion of reference 2, all the references in this report are generally avail-
able in the literature. Six copies of reference 2, entitled "Effect of
Orientation to Flow Direction on Diffuser-Induced Dilution and Plume Struc-
ture in a Shallow River," have been included in a separate package that is
being transmitted directly to the NRC staff Environmental Project Manager
(on Watts Bar Nuclear Plant) for distribution to the appropriate NRC staff
technical reviewer(s).

Question Number 4.5: 

Provide a detailed description of the diffuser to supplement the infor
mation provided in the Environmental Information Report. Include such 
information as the type, anr,le of discllarge, etc. 

Response: 

Included with this response is a report entitled "Results of Hydrothermal 
Model Studies of the Multipart Diffuser System, Watts Bar Nuclear Plant." 
This report provides the detailed information requested. With the excep
tion of reference 2, all the references in this report are generally avail
able in the literature. Six copies of reference 2, entitled "Effect of 
Orientation to Flow Direction on Diffuser-Induced Dilution and Plume Struc
ture in a Shallow River," have been included in a separate package that is 
being transmitted directly to the NRC staff Environmental Project Manager 
(on Watts Bar Nuclear Plant) for distribution to the appropriate NRC staff 
technical reviewer(s). 
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DESCRIPTION OF NULTIPORT DIFFUSER SYSTEM

W4ATTS BAR NUCLEAR PLANT

INTRODUCTION

The Tennessee Valley Authority is constructing a two-unit nuclear

generating plant in Rhea County, Tennessee, on the right bank of Chickamauga

Lake adjacent to the Watts Bar Dam Reservation near Tennessee River Mile

(TRM) 528 (Figure 1). One closed cycle, natural draft cooling tower per unit

is utilized as the primary means of heat dissipation. Blowdown will be dis-

charged at a rate of between 28.3 and 32.5 cubic feet per second (cfs) from

each cooling tower basin so as to maintain the concentration of solids in the

cooling towers at approximately twice that found in the Tennessee River. Since

the blowdown cannot be continuously discharged during periods of no releases

from Watts Bar Dam without violating applicable thermal standards, blowdown

can be discharged into a holding pond of approximately 190 acre-feet capacity

during these periods. When sufficient water is released from Watts Bar Dam,

blowdown may be again discharged to the river. This occurs at the minimum

release from Watts Bar Hydro Plant of 3500 cfs. In addition, blowdown from

the holding pond can be discharged to the river at a rate of approximately

60 cfs.

This report presents the results of hydrothermal physical model

tests of the plant's multiport diffuser system. The diffuser system is

described and the analytical theory used for the diffuser design is given and

compared to the results of the physical model tests. Conclusions concerning the

performance of the diffuser and the size of the area of diffuser-induced mixing

DESCRIPTION OF r·1ULTIPORT DIFFUSER SYSTEt4 

'~ATTS BAR NUCLEAR PLANT 

INTRODUCTION 

The Tennessee Valley Authority is constructing a two-unit nuclear 

generating plant in Rhea County, Tennessee, ~n the right bank of Chickamauga 

Lake adjacent to the Watts Bar Dam Reservation near Tennessee Rlver Mile 

(TRM) 528 (Figure 1). One closed cycle, natural draft cooling tower per unit 

is utilized as the primary means of heat dissipation. Blowdown will be dis

charged at a rate of between 28.3 and 32.5 cubic feet per second (cfs) from 

each cooling tower basin so as to maintain the concentration of solids in the 

cooling towers at approximately twice that found in the Tennessee River~ Since 

the blowdown cannot be continuously discharged during periods of no releases 

from 14atts Bar Dam without violating applicable thermal standards, blowdown 

can be discharged into a holding pond of approximately 190 acre-feet capacity 

during these periods. When sufficient \'/ater is released from Watts Bar Dam, 

blowdown may be again discharged to the river. This occurs at the minimum 

release from Watts Bar Hydro Plant of 3500 cfs. In addition, blowdown from 

the' holding pond can be discharged to the river at a rate of approximately 

60 cfs. 

This report presents the results of hydrothermal physical model 

tests of the plant's multipart diffuser system. The diffuser system is 

described and the analytical theory used for the dfffuser design is. given and 

compared to the resul ts of the physica'l model tests. Conclusions concerning the 

performance of the diffuser and the size of the area of diffuser-induced mixing 



are given. Previous studies resulted in the choice of a diffuser system

oriented perpendicularly to the river flow (Reference 1). Additional hydro-

thermal physical model tests were conducted as part of these studies

(Reference 2).
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DIFFUSER DESIGN

Diffuser Dimensions and Geometry

A physical description of the recommended diffuser system is given

in Table 1 and depicted in Figure 2. The diffuser system will consist of

two pipes branching from a central conduit at the right bank of Chickamauga

Lake and extending in a direction perpendicular to the river flow into the

Tennessee River. Each pipe will be controlled by a 54-inch diameter butterfly

valve, located a short distance from the vye with the central conduit.

The downstream leg will consist of approximately 297 feet of 4.5-

foot diameter paved corrugated steel approach pipe connected to 150 feet of

unpaved 1- x 3-inch corrugated steel diffuser pipe of the same diameter. The

diffuser pipe section will be half buried in the river bottom and will contain

two 1-inch diameter port per corrugation. The centroid of the ports will be

oriented at an angle of 450 from the horizontal in a downstream direction.

The upstream leg will consist of approximately 447 feet of 3.5-.

foot diameter paved corrugated steel approach pipe connected to 75 feet of

unpaved 1- x 3-inch corrugated steel diffuser pipe of the same diameter. The

upstream diffuser pipe section will also be half buried in the river bottom

and will extend its entire length of 75 feet beyond the dead end of the down-

stream diffuser pipe section. The port diameter, spacing and orientation of

the upstream leg will be the same as that of the dojnstam, leg.
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Diffuser Location

The location of the diffuser system is shown in Figure 3. Both the

upstream and downstream legs are located beneath the navigation channel, as

indicated by buoy markers on Figure 3. The location of the diffuser was

chosen so that the depth of water above the diffuser will be sufficient to

allow for the safe passage of barges.

Operational Modes and Characteristics

Modes of Operation

A mode of operation for the diffuser system is defined as any one

of the possible combinations of diffuser pipe sections which may discharge

blowdown under particular circumstances. Thus, for the Watts Bar Niuclear

Plant diffuser system, the first mode consists of only the upstream leg dis-

charging blowdown, the second mode consists of only the downstream leg dis-

charging blowdown, and the third mode consists of both the upstream and down-

stream legs discharging blowdown. Mode 1 is used when either unit 1 or unit 2

is operated alone. Mode 2 is used when only both units are operated simulta-

neously or when only stored blowdown is discharged from the holding pond.

Mode 3 is used when either or both of the units is operated at the same time

as stored blowdown is discharged from the holding pond. Table 2 summarizes

the minimum and maximum blowdown flow rates that can be expected for each mode.

Operational Characteristics

The operational characteristics for the minimum and maximum flows

of each mode are summarized in Table 3. The average jet exit velocity, approach

pipe velocity and the required head at three locations in the pipe are presented.
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Table 3 shows that the average jet exit velocity varies from 8.6 to 12.7

feet per second (fps) for all the operational modes, which will provide

ample mixing.

Analysis of Diffuser Performance

An analytical expression for the dilution induced by a submerged

slot diffuser in shallow water was developed by Adams (Reference 3):

S = 1/2(V sin y + (V2 sin2y + 2h-cos 0)1/2) (i)

where S dilution

entrained river flow + diffuser flow
diffuser flow

ua h QRL
V = = volume flux ratio

Ua = average river.velocity across diffuser

uo= jet exit velocity

h average river depth

B = slot width
= river flow at diffuser site =-uawh

QR-ua

QB = diffuser flow = UoLB

L = diffuser length

w = average river width

= orientation angle of diffuser in river (y = 900;

perpendicular to river flow)

o = discharge angle from river bottom (e = 00; parallel
to river bottom)
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This theory is applicable as long as L/H > 5. Table 4 shows the

values of these parameters for the Watts Bar Nuclear Plant diffusers.

Equation 1 is applicable because L/H = 10. The predicted dilution of the

Watts Bar diffuser system is 17 at a minimum Tennessee River flow oF 3500 cfs.

The two dimensional structure of the discharge plume was predicted

using the method of Jirka which is based on the theory of Adams (Reference 4).

Full vertical mixing of the discharge plume and the receiving water was

predicted for the following criterion:

FT V / >1.0

where

FT = Fs diffuser load

Fs = slot densimetric Froude. number

U0
g0

go = (Po-Pa)g
Pa

Po = density of discharge

P = density of ambient river water

g = gravitational constant

In general,,stratified conditions downstream of the discharge were predicted

when this criterion was not met. For the Watts Bar Nuclear Plant diffuser

system, the variety of discharge conditions can result in either fully mixed

or stratified conditions downstream of the discharge.
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MODEL DESCRIPTION

Because the theory used to predict the dilution of the diffuser

system was two-dimensional, the final design of the diffuser was evaluated

in hydrothermal model studies, where three-dimensional effects were simulated.

A detailed description of the physical model is presented in Reference 2 and

is summarized herein. The physical model studies were conducted according to

geometric, kinematic and Froude scaling criteria in the 8-foot wide, 60-foot

long. flume at TVA's Engineering Laboratory in Norris, Tennessee. An undis-

torted model (length/scale ratio 1:60) of approximately 45 percent of the

1100-foot wide river was constructed because of the limited width of the flume.

Figure 4 shows that the section of the river modeled was the area of practical

interest on the plant side of the river. Because the river exhibited a fairly

rectangular cross-section, only a general schematization of the river geometry

was necessary (Figure 5). The use of a false wooden floor in the flume eliminated

the need for insulation of the bottom of the flume. The equivalent of a river

flow (QR) of 3500 cfs was used in the model studies, which was the minimum river

flow during which blowdown from the plant would be discharged (Reference 1).

Submerged multiport diffusers were modeled using the concept of an

equivalent slot width. A series of submerged discharge ports were assumed to

be equivalent to a submerged slot of equal length and port area, provided the

port spacing was less than the water depth. Diffuser jets discharged at a

prototype velocity of 9.5-15.1 fps. The effect of the huoyancy of the discharge

was modeled using heat as the source of density differences. between the discharge

and receiving water body. Density differences between the discharge and the

receiving water corresponding to temperature differences of -5 0 C to 25 0 C were
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tested. These density differences were characterized by the paraiiieter g'.

which was defined earlier. The density of the discharge can be less than the

receiving water at the Watts Bar plant site because of the concentration of

dissolved solids in the blowdown compared to the river and because of the

quicker response of natural draft cooling towers to cooler ambient air

temperatures in the autumn months compared to the response of the river at the

plant site.

I
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TEST RESULTS

Data Interpretation

Test results for the Watts Bar Nuclear Plant diffuser system are

presented in Figures 6-11. Results are presented in the form of discharge

concentration isoquants at prototype water depths of 5 and 12 feet.

Comparison of concentration plots for tests of the same river and

diffuser flow, discharge buoyancy and geometry indicated that plume structure

was generally reproducable. Plume areas, discharge concentrations and other

quantifiable data were always of the same order of magnitude for each replicate

test but differed substantially enough that the use of such data was justifi-

able only in a comparative order of magnitude analysis. These variations were

probably caused by the stochastic nature of turbulent mixing and the low density

and slow scanning rate of the temperature probes compared to the length scales

and frequency of turbulent mixing.

Comparison of concentration plots for tests of the same equivalent

slot diffuser composed of different port diameter and spacings indicated good

agreement. Some tests with large diffuser flow rates showed the effects of

boundary layers on the mid-river boundary of the model. Concentration data in

these areas were interpreted with caution because viscosity is not scaled

correctly in models developed according to Froude scaling criteria; however,

these effects were apparent outside areas of jet-induced mixing and did not

affect overall results.
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Diffuser-Induced Dilution and Plume Structure

Maximum Diffuser Length

Figures 6 through 8 show diffuser discharge concentration plots

for the test values of diffuser design parameters given in Table 4. The

concentration plots are shown for a diffuser length of 194 feet and three

discharge buoyancies: g' = -0.05, 0.05 and 0.20. For g' = -0.05, the

negatively buoyant case, the discharge plume was fully mixed over the depth

and .did not concentrate near the right bank (Figure 6). This showed that a

negatively buoyant discharge acting in the opposite direction of vertical

jet momentum increased dilution. For g' = 0.05, the discharge buoyancy was

slightly positive (Figure 7). High concentration measurements particularly

near the bottom boundary of the model indicated that warmer water was retained

in the boundary layers because of the greater effect of viscosity in the model

as compared to the prototype. At the five-foot depth, Figure 7 shows the

entrainment of cooler ambient river water by the diffuser and the contraction

of the mixed diffuser flow downstream mentioned by Adams (References 3 and 4).

For g' = 0.20, the discharge plume was mixed over the depth, but tended to

concentrate near the surface because of the high discharge buoyancy (Figure 8).

Boundary effects were evident, particularly at the 12-foot depth, but the dis-

charge plume did not concentrate near the right bank.

A diffuser-induced dilution of 13 was predicted by Equation I for

the test results in Figures 6-8 (Table 4). This corresponded to a discharge

concentration of 0.08. Figures 6-8 show that discharge concentrations one dif-

fuser length downstream along the longitudinal centerline of the diffuser were equal

I
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to or less than 0.08. The discharge plume was predicted to be fully mixed

over the depth for g' = ±0.05, and to be stratified outside the area of diffuser-

induced mixing for g' z 0.?0. Figures 6-8 show that the plume structure for

these tests was fairly well predicted.

Minimum Diffuser Length

Figures 9 through 11 show discharge concentration plots for a dif-

fuser length of 102 feet and the same discharge buoyancies evaluated previously.

For g' = -0.05, the discharge plume was fairly well mixed over the entire depth

and did not concentrate near the right bank (Figure 9). For g' = 0.05, the

discharge plume was fully mixed over the entire depth (Figure 10). Boundary

layer effects were evident, particularly at the 12-foot depth, and were caused

by the greater effect of viscosity in the model. For g' = 0.20, the discharge

plume became stratified outside of the area of diffuser-induced mixing and did

not concentrate near the right bank (Figure 11). In Figures 9-11 boundary

layer and viscosity effects were not as important because of the smaller ratio

of diffuser length to modeled river width as compared to Figures 6-8.

A diffuser-induced dilution of 13 was predicted by Equation 1 for the

test results in Figures 9-11 (Table 4). This corresponded to a discharge con-

centration of 0.08 (Table 4). Figures 9-11 show that discharge concentrations

one diffuser length downstream along the longitudinal centerline of the dif-

fuser were equal to or less than 0.08. The discharge plume was predicted to

be fully mixed over the depth for g' = ±0.05 and to be stratified outside the

area of diffuser-induced mixing for g'. = 0.20. Figures 9-11 show that the

plume structure for these tests vias well predicted.
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APPLICATION OF TEST RESULTS

As noted previously, quantifiable data from replicate tests

differed substantially enough that the use of such data was justifiable only

in a comparative order of magnitude analysis. Comparison of predicted dilu-

tions for the model diffuser using the two-dimensional theory of Adams and I
measured dilutions for the model diffuser showed reasonable agreement for

both the 194-foot and 102-foot diffuser lengths. This agreement indicated I
thai the mixing from a submerged slot diffuser in shallow water was primarily I
a two-dimensional phenomenon and the resulting dilution could be reasonably

predicted by a two-dimensional theory. Because the predicted dilutions based

on the two-dimensional theory of Adams never overestimated the measured dilu-

tions in the model, the two-dimensional theory of Adams can beused to con-

servatively predict the performance of the multiport diffuser system at the

Watts Bar Nuclear Plant.

A comparison of design and test values of diffuser design parameters I
is given in Table 4. Average river velocity and discharge velocity were larger

in the model compared to the prototype diffuser, while river depth and the

maximum diffuser length vwere smaller. Values of other parameters in the model

and the prototype were in close agreement. Table 4 shows that the theory of I
Adams predicts a dilution of 17 for the actual diffuser design and a dilution I
of 13 for the diffuser model at a minimum Tennessee River flow of.3500 cfs.

Figures 6-11 show reasonable agreement between predicted and measured values I
of dilution for the diffuser model. Therefore, the actual multiport diffuser

system at the Watts Bar Nuclear Plant should achieve a dilution of approximately J

17 when either the upstream, downstream or both legs of the diffuser system are I
in operation at a minimum Tennessee River flow oF 3500 cfs.
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The results of the hydrothermal model tests indicated that concen-

tration of the discharge near the right bank did not occur. In addition, the

discharge plume did not form a thermal wedge upstream of the diffuser even at

the highest discharge buoyancy. The tendency of the discharge plume in the

model to form vertically mixed conditions downstream of the diffuser was well

predicted by the theory of Adams. Similar plume structure is predicted for

the actual diffuser design.

Mixing Zone

The results of the model tests showed that the expected diffuser-

induced dilution was achieved approximately one diffuser length downstream.

Thus the area of diffuser-induced mixing extends approximately 150 feet down-

stream when the downstream leg of the diffuser system is discharging; approxi-

mately 75 feet downstream when the upstream leg of the diffuser system is dis-

charging; and 225 feet downstream when both legs of the diffuser system are

discharging. The proposed mixing zone should encompass all of these modes of

operation and should extend 225 feet downstream over the entire river depth

and diffuser system width (225 feet).
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predicted by the theory of Adams. Similar plume structure is predicted for 

the actual diffuser design. 

Mixing Zone 

The results of the model tests showed that the expected diffuser

induced dilution was achieved approximately one diffuser length downstream. 

Thus the area of diffuser-induced mixing extends approximately 150 feet down

stream when the downstream leg of the diffuser system is d1scharging; approxi

mately 75 feet downstream ,·then the upstream leg of the diffuser system is dis

charging; and 225 feet do\'/nstream \'lhen both legs of the diffuser system are 

discharging., The proposed mixing zone should encompass all of these modes of 

. operation and should extend 225 feet downstream over the entire river depth 

and diffuser system width (225 feet). 
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TABLE 1

DIMHI.ISTNS OF RECOMV-IIM:)ED DI rrFIJ!I.RS

WArTS BAR NUCLEAR PLANT

Upstream Downstream Total
Leg Lea..___

Diffuser
Pipe Length (ft) 75..0 150.0 225.0
(unpaved 1- x 3-inch
corrugated steel pipe)

Pipe Diameter (ft) 3.5 4.5

Port Diameter (in) 1.0 1.0

Number of Ports 2 2
Per Corrugation

Port Spacing Normal 3.0 3.0
to Corruyation (in)

Port Spacing Parallel 3.0 3.0
to Corrugation (in)

Friction Factor 0.0948 0.0841

Approach Pipe

Pipe Length (ft) 447.0 297.0 474.0
(paved corrugated
steel pipe)

Pipe Diameter (ft) 3.5 4.5

Friction Factor 0.0O191 0.0148

TMLE 1 -- ----

{)I1~ErIS Hl~IS (If RECCmr·lI·.NDED n I ITtJ',Ll6 •.. _--
HATTS UAR rlUCLEAR PUINT 

Upstream DOI'/n stream Total 
leg lea , 

Diffuser 
Pipe Length (ft) 
(unpaved 1- x 3-inch 
corrugated steel pipe) 

75~0 150.0 225.0 

pipe Diameter (tt) 3.5 4.5 

Port Oi ameter (i n) '1.0 1.0 

Number of Ports 2 2 
Per Corrugation 

Port Spacing Normal 
to Corru~ation (in) 

3.0 3.0 

Port Spacing Parallel 3.0 3.0 
to Cor~ugation (in) 

Friction Factor 0.0948 0.0841 

Approach Pipe 

Pipe L~ngth (ft) . 447.0 297.0 474.0 
(paved corrugated 
steel pipe) 

Pipe Diameter (ft) 3.5 4.5 

Fri cti on Factor 0.0191 0.0148 



TABLE 2

SUI,•'IARY OF MODES OF OPERATION

BLOWDOWN DIFFUSER SYSTEM

WATTS BAR NUCLEAR PLANT

Diffuser System
Flow Rate

M iniu m m'aximum
(cfs) (cfs)

Distribution of Flow
Minirum Maximum

Upstream Downstream Upstream Downstream
Leg Leg Leg Leg

(cfs) (cfs) (cfs) (cfs)Mode of Operation

1 One Unit only

2 Two Units only or
Holding Pond Discharge only

3 Either or Both Units +
Holding Pond Discharge

28.3

56.6

88.5

32.5

65.1

125.3

28.3 32.5

56.6

59.4

65.1

84.129.1 41.2

Blowdo,:.n Rate per unit:
Holding Pond Discharge Rate:

28.3 - 32.5 cfs
60.2 cfs

_ -- -- -- -- --

Node of Operation 

lOne Unit only 

2 T\-/O Units only or 
Holding Pond Discharge only 

3 Either or Both Units + 
Holding Pond Discharge 

TAGLE 2 

SUf-ii-1ARY OF '-100£S OF OPERATION 
BLo\-JDOlm DIFFUSER SYSTEM 

~IATTS BAR NUCLEAR PLANT 

Diffuser System 
Flow Rate 

Minimum Maximum 
(cfs) (efs) 

28.3 

56.6 

88.5 

32. S' 

65.1 

125.3 

Distribution of Flow 
Mini~um Maximum 

Upstream Downstream Upstream Downstream 
Leg Leg Leg Leg 

(efs) (efs) (efs) (efs) 

28.3 32.5 

56.6 65.1 

29.1 59.4 41.2 84.1 

B10\,;dol-;n Rate per unit: 28.3 - 32.5 efs 
Holding Pond Discharge Rate: 60.2 cfs 

, .. - - - -



TABLE 3

OPERATING PROPERTIES OF RECOQMEHDED'DIFFUSERS

WATTS BAR NUCLEAR PLANT

Blowdo,'rn Rate (cfs)

Port Velocity (fps)

Approach Pipe Velocity (fps)

Dead End Head (ft)

Diffuser Head Req'd (ft)

Total Head Req'd (ft)
from Wye

Individual Operation of Diffuser Legs
Mode I Mode 2

Upstream Leg Downstream Leg
.Minimum Maximum Minimum Maximum

28.3 32.5 56.6 65.1

8.6 9.9 8.6 9.9

2.9. 3.4 3.6 4.1

2.6 3.4 2.6 3.4

2.7 3.5' 2.8 3.7

3.0 4.0 3.0 4.0

Combined Operation of Diffuser Legs
Mode 3

Minimum Maximum
Upstream Downstream Upstream Downstream

29.3 59.2 41.5 83.8

9.0 9.0 12.7 12.7

3.1 3.7 4.3 5.3

2.8

2.9

3.2

2.8

3.0

3.2

5;6

5.8

6.5

6.1

6.5

Blowdown Rate (cts) 

Port Velocity (fps) 

Ap~roach Pipe Velocity (fps) 

Dead End Head (ft) 

Diffuser Head Req'd (ft) 

Total Head Req'd (ft) 
from ~!ye 

TABLE 3 

OPERATING PROPERTIES OF RECOf'}lE1'1DEDDIFFUSERS 

\'JATTS BAR NUCLEAR PLANT 

Individual 0Eeration of Diffuser legs Combined OEeration of Diffuser Le~ 
rtode 1 I~ode 2 Mode 3 

UEstreamLeg Downstream Leg ~1i n imum r~ax;mtJ::. 
.Minimum Maximum Minimum Maximum Upstream Downstream Upstream DOI"nstream 

28.3 32.5 56.6 65.1 2.9.3 59·.2 41.5 83.8 

8~6 9.9 8.6 9.9 9.0 9.0 12.7 12.7 

2.9 3.4 3.6 4.1 3.1 3.7 4.3 5.3 

2.6· 3.4 2.6· 3.4 2.8 2.8 5;6 5.-7 

2.7·· 3.5· 2.8 3.7 2.9 3.0 5.8 6.1 

3.0 4.0 3.0 4.0 3.2 3.2 6.5 6.5 



TABLE 4

DESIGN AND TEST VALUES

OF DIFFUSER DESIGN PARAMETERS

Symbol
Primary

u 0Uo
u
a

B

h

Parameter

Discharge Velocity (max)

Average River Velocity

Equivalent Slot Width

River Depth (min)

Units

m/s (fps)

cm/s (fps)

cm (ft)

m (ft)

Design
Value

3.9 (12.7)

4.9 (0.16)

1.33 (0.0436)

6.7 (22)

Test
Value

4.5 (14.8)

7.0 (0.23)

1.44 (0.0471)

4.3 (14)

Secondary

y Orientation Angle to
River Flow

0 Discharge Angle

deg

deg

90

45

90

45

g' Buoyancy (max)
(min)

0.20
-0.05

69(225)
23( 75)

.0.20
-0.05

59(194)
31(1021

L Diffuser Length (max)
(min)

1
I
I
.1
I
I
I
*1
I
*1

Analytical Theory (References 3 and 4)

h/B Submergence

V Volume Flux Ratio

S Dilution

505

6.4

17

297

4.6

13

TABl.E 4 

DESIGN AND TEST VALUES 
OF DIFFUSER DESIGN PARArtETERS 

S~mbol 
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Uo 
u 
a 

B 

h 

,:5econdary 

y 

e 

g' 

L 

Parameter 

Discharge Velocity (max) 

Average River Velocity 

Equivalent Slot Width 

River Depth (min) 

Orientation Angle to 
River Flow 

Discharge Angle 

Buoyancy (max) 
(min) 

Diffuser Length (max) 
(min) 

Analytical Theory (References 3 and 4) 

h/B 

V 

S 

Submergence 

Volume Flux Ratio 

Dilution 

Units --
mls (fps) 

cmls (fps) 

cm (ft) 

_ (.tAo) 
III I'" 

deg 

deg 
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Value 

3.9 (12.7) 

4.9 (0.16) 

1.33 (0.0436) 

6.7 {22} 

90 

45 

0.20 
-0.05 

69(225) 
23{ 75) 

505 

6.4 

17 

Test 
Value 

4.5 (14.8) 

7.0 (0.23) 

1.44 (0.0471) 

4.3 (14) 

90 

45 

.0.20 
-0.05 

59(194~ 
31(102 

297 

4.6 
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Figure 2: Recommended Diffuser Geometry
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Figure 6- Diffuser Discharge Concentration Plots, L=59m(194ft), g'=-0.05
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Question Number 4.6:

a. Describe the extent and behavior of the thermal plume under both normal
and extreme conditions.

b. Discuss the effects of changes in source and receiving waters attributable
to season, winds, unusual weather, currents, etc.

c. Compare the effects of the plume to Tennessee state thermal standards for
the water body and to existing thermal conditions of the water body. I

d. Include the effects of the plume on the circulation patterns in the
receiving water.

e. Define and describe the thermal mixing zone.

f. Discuss the possibility of a thermal barrier or block to fish passage.

Question Number 4.7:

Discuss the thermal models used to evaluate the thermal plume. .1
Response to questions 4.6 and 4.7:

It has been found convenient to divide question 4.6 into parts (above) and
address these parts and question 4.7 in the same discussion.

The responses to questions 4.6 (parts a,b,d,e) and 4.7 are given in the
report entitled "Results of Hydrothermal Model Tests of the Multiport
Diffuser System, Watts Bar Nuclear Plant," which is included in the response
to Question Number 4.5. This report discusses the models used to evaluate
the physical effect of the discharge, the extent and behavior of the dis-
charge plume for normal and extreme conditions, and the proposed thermal
mixing zone. The model results indicate that the discharge will have little
effect on the lateral or vertica2 flow pattern of the receiving water. The I
proposed mixing zone would block approximately 35 percent of the river crosssection at the diffuser site and would not cause a barrier to fish passage.

TVA's Final Environmental Statement (FES) on the Watts Bar Nuclear Plant
determined that, based on conservative assumptions, the maximum temperature
difference between the blowdown and the receiving water before mixing was 49 0 F.
Thus, with a diffuser with the capability of achieving dilution of 10, the I
FES concluded that the maximum temperature rise outside the area of diffuser-
induced mixing due to the blowdown discharge of the plant would be less than
the maximum water temperature change of 5.4 0 F allowed by State of Tennessee
temperature standards. The above referenced report (included in the response
to Question Number 4.5) shows that the multiport diffuser system at the Watts
Bar Nuclear Plant is capable of achieving a dilution of approximately 17 at a
minimum Tennessee River flow of 3500 cfs, and thus supports this conclusion.

I
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a. Describe the extent and behavior of the thermal plume under both normal 
and extreme conditions. 
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proposed mixing zone would block approximately 35 percent of the river cross 
section at the diffuser site and would not cause a barrier to fish passage. 
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TVA's FES also found that water temperature records for releases from Watts
Bar Dam for 1967-1971 showed a maximum water temperature of 80.60F. Thus,
even with a maximum allowable temperature rise of 5.40F, the maximum water
temperature outside the area of diffuser-induced mixing due to the blowdown
discharge from the plant would be less than the maximum water temperature
of 86.9 F allowed by State of Tennessee standards.

Because changes in the rate of power production of nuclear plants are gradual
(approximately 10 percent per hour), except for emergency situations, changes
in the amount of heat in the blowdown will also be gradual. Mixed temperature
rises under almost all conditions will be less than 3.60F because average
temperature rises between the blowdown and the river before mixing range from
30F in October to 20°F in February (see response to Question Number 4.12) and
the miltiport diffuser system is capable of achieving a dilution of approximately
17 at minimum Tennessee River flow of 3500 cfs. Therefore the rate of change
of the mixed temperature outside the area of diffuser-induced mixing due to the
blowdown discharge from the plant will not exceed the maximum rate of temperature
change of 3.60F per hour allowed by State of Tennessee thermal standards, even
during a startup or shutdown of the diffuser system.

(4-17 ) 

TVA's FES also found that water temperature records for releases from Watts 
Bar Dam for 1967-1971 showed a maximum water temperature of 80.6oF. Thus, 
even with a maximum allowable temperature rise of 5.40 F, the maximum water 
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of the mixed temperature outside the area of diffuser-induced mixing due to the 
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Question Number h.8:

It is stated that a ground water system was developed to serve the nuclear
plant. Estimate the impact of water consumption by the plant and provide
the bases for the estimate. Discuss the effects on nearby groundwater
wells.

Response:

The Watts Bar Nuclear Plant maximum ground-water consumption will occur
during the final phases of construction; it is expected to be 300,000
gallons per day (GPD) for boiler startup, etc. This use is 42 percent I
of the system's maximum capacity of 720,000 GPD from two wells. A standy
well adds another lh4,000 GPD capacity. The Watts Bar Hydro plant and
a nearby resort will be furnished a maximum of 200,000 GPD (or 28 percent
of the system capacity.

Records during a 72-hour aquifer test indicate that there will be no
effect on neighboring wells. At a pumping rate of 400 gallons per
minute, the water-level drawdown in the larger yield well was stable
at 28 feet. The radius of pumpage effect around the well is estimated
to be considerably less than 400 feet, based on measurements in observa-
tion wells, and will be confined to TVA property. The nearest domestic 1
well is 1,000 feet to the south of the nearest pumped well.

Features of the ground water supply wells are provided in Table h.8-1.
Locations of these water supply wells is shown in Figure 4.8-1.
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TABLE 4.8-1

WATER :;UPPJY WELLLW
(1917 Tests)

WATTS BAR NUCLEAR PLANT

Water-
Bearing

)epth to Depth to Zone
Static Pumping Depth,
•.L. ft. W.L.,ft. ft.

Well Depth Dia. Yield
No. ft. ft. GPM

1 (abandoned, replaced by

la* 250 .7 100

2 (abandoned, replaced by

2a 250 .7 400

3** 286 .7 100

I
Depth
of Pump

Casing Capacity
ft. gpm

well la)

21 89

well 2a which was

14 42

15 100

77-81

completed

230-235

192-193.5

60

in january

137

36

100

1977)

4OO

100

Intake
Depth

ft.

100+

154

*Standby well

**Currently used for plant supply

1

"----.--

Well 
No. 

Depth Dia. 
ft. ft. ---
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Depth to 
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Depth to 
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W.L.,ft. 

Water
Bearing 
Zone 
Depth, 
ft. 

1 (abandoned, replaced by well la) 

la* 250 .7 100 21 89 77-81 

Depth 
of 
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ft. 

60 

Pump 
Capacity 

gpm 
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2 (abandoned, replaced by well 2a which was completed in January 1977) 

2a 250 .7 400 14 

3** 286 .7 100 15 

*Standby well 

**Currently used for plant supply 

---------

42 230-235 

100 192-193.5 

137 

36 

400 

100 

Intake 
Depth 
ft. 

100+ 

154 
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Question Number 4.9:

Provide a detailed description of the operational monitoring water quality
program as outlined in Reg. Guide 4.8.

Response:

In accordance with the requirements of the Federal Water Pollution Control
Act Amendments of 1972, TVA on October 19, 1976, filed a Section 402 NPDES
permit application (standard form C) with the Regional Administrator, EPA,
Region IV, Atlanta, Georgia, for the operational discharges from the Watts
Bar Nuclear Plant. The operational NPDES permit, which is expected to be
developed and issued by EPA during the present NRC-EPA environmental review
process, will be the basis for the development of operational aquatic mon-
itoring programs for the Watts Bar Nuclear Plant. The final NPDES permit
will specify the specific effluent limitations for thermal, chemical,
and sanitary waste discharges originating from the facilities as well as
specific effluent and instream (abiotic and biotic) monitoring and reporting
requirements necessary to determine compliance with the effluent limitations.
The instream monitoring program will be based upon the results of the pre-
operational monitoring program and monitoring requirements associated with
the assessment of intake technology under Section 316(b) of the FWPCA.

Because of the comprehensive aquatic monitoring and reporting requirements
which will be included in the NPDES permit, TVA has no plans to develop or
implement a separate operational monitoring program as suggested in NRC's
Regulatory Guide 4.8. This position has already been addressed in the
"applicability statement" included in chapter 16, Appendix A, of the
Watts Bar Nuclear Plant FSAR.
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Question Number 4.10:

Provide detailed information (e.g., location, type, formation groundwater
taken from) on the series of monitorin,- wells that you stated would be
installed to provide baseline data. Also, provide all groundwater level
data collected to date.

Response:

Locations (and other features) of the groundwater observation wells are
specified in Table 4.10-1. Figure 4.10-1 presents these well locations
in relation to the Watts Bar Nuclear Plant. Groundwater level data is
provided in Figure 4.10-2.
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TABLE 4.i0-i

DATA ON WATTS BAR NUCLEAR PLANT OBSERVATION WELLS
(See Attached Figure for Ground-water Levels)

Well
No.

Well

Location Diameter Depth

Elevation
Top of
Casing

1 530+37
WB+22

2 532+21
E2+47

3 522+30
E18+13

4 N12+02
W2+48

5 N20+56
E3+61

6 S2+09
N23+87

.5

.5

.5

.5

.5

.5

150

150

150

150

150

150

693.1

680.9

683.0

725.4

733.5

720.7

Aquifer Remarks

Conasauga Ground-water level
Shale records begin

January 1973

LAJ

of

tv Used for temporary water
supply from January 1973
through March 1976. Ground-
water levels July 1976 to
present.

Ground-water levels, January
1973 through February 1974.
Well destroyed by construc-
tion in March 1974.

6A 84047'51"35036'04"
.5 150 727.8 to

TABLE 4.10-1 

DATA ON WATTS BAR NUCLEAR PLANT OBSERVATION WELLS 
{See Attached Figure for Ground-water Levels} 

Well Elevation 
Well Top of 
No. Location Diameter Depth Casin~ Ag,uifer Remarks 

1 530+37 .5 150 693.1 Conasauga Ground-water level 
WB+22 Shale records begin 

January 1973 

2 532+21 .5 150 680.9 " " 
E2+47 

3 522+30 .5 150 683.0 " It 

E18+13 N 
w 

4 N12+02 .5 150 725.4 " " 
W2+48 

5 N20+56 .5 150 733.5 It " 
E3+6l 

6 S2+09 .5 150 720.7 " Used for temporary water 
N23+87 supply from January 1973 

through March 1976. Ground-
water levels July 1976 to 
present. 

6A 840 47'51" .5 156 727.8 " Ground-water levels, January 
350 36' 04" 1973 through February 1974. 

Well destroyed by construc-
tion in March 1974. 
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Question Number 4.11:

Provide a more detailed discussion on the operational groundwater monitoring
program. Show the location of the 5 wells that will be sampled and state the
aquifer that the samples will be taken from.

Response: I
A well downgradient frot the plant will be equipped with an automatic
sequential-type sampler from which a composite sample will be analyzed monthlyfor radioactivity. At least one sample from a groundwater source upgradientfrom the plant will also be collected on a monthly basis.

Locations of the observation wells are shown in Figure 4.lO-1 in the response I
to Question Number 4.lO. As stated in the response to Question Number 4.10,
the aquifer is Conasauga Shale.
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Question Number h.12:

Provide the following estimates of the discharge temperatures expected for
Units 1 and 2 operating at 100% load:

a. Monthly average discharge temperature.

b. Maximum daily average discharge temperature (for each month).

c. Maximum instantaneous discharge temperature (for each month).

d. Monthly average ambient surface temperature.

e. Maximum daily average ambient surface temperature (for each month).

Table 4.12-1 (included with this response) provides the requested information.
Blowdown temperatures rather than discharge temperatures have been provided.
The discharge temperature should be equal to the blowdown temperature except
when the holding pond contents are discharged. The discharge temperature should
be lower than the blowdown temperature when the holding pond contents are dis-
charged because the blowdown stored in the holding pond should lose heat to
the atmosphere. The monthly average blowdown temperature plus one standard
deviation has been provided in place of the maximum daily average blowdown
temperature, which is not available.

The monthly average and maximum temperatures of the releases from Watts Bar
Hydro Plant have been given (Table 2.6-1, TVA Final Environmental Statement
(FES)). As noted in the TVA-FES, no stratification is expected in Chickamauga
Lake in the first 20 miles below Watts Bar Dam. Therefore,.Watts Bar Hydro
Plant discharge temperatures should give an adequate estimate of surface
temperatures at the plant site.

The thermal discharge from the Watts Bar Steam Plant will affect water tempera-
tures at the plant site. Field surveys of the effects of the thermal dis-
charge from Watts Bar Steam Plant show that during periods of releases from
Watts Bar Hydro Plant, water temperatures at the plant site will be increased
0-1 0 F by the thermal discharge from Watts Bar Steam Plant. During and immediately
following periods of no releases from Watts Bar Hydro Plant, water temperature
at the plant site will be increased l-3 0 F by the thermal discharges from Watts
Bar Steam Plant.
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Table ".1.2-1

Summary of Blowdovn and River Temperatures
Watts Dar Nuclear Plant

1

Blowdown Temperature
1

Monthly
Monthly Average Trihourly
Average +(r Maximum

(OF (OF) O(oF)

River Temperature
2

Monthly Weekly
AMaximum

"(IoF)

January 63 69 81 44 46

February 64 68 8C 44 47

Miarch 68 71 84 49 52

April 74 79 87 59 62

May 78 83 89 66 68

J•ne 82 86 91 73 75

J'ly 85 87 92 76 78

August 8L 88 1 93 77 81

September 81 85 90 76 78

October 74 80 87 71 78

November 68 75 85 59 72

December 66 71 83 50 54

Notes:

1. Based upon National Weather Service data zi. Chattanooga 1963-1973.

2. Based upon Watts Bar Hydro Plant releases, weekly observations 1967-1971,
Table 2.6-1, TVA FES.
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Question Number 4.13:

Provide the bases for statements, on page 2.10-2 of the Watts Bar Nuclear
Plant Environmental Statement, that the plant water use will not affect
recreational use of the Chickamauga Reservoir, nor will it affect known
or projected industrial water use downstream.

Also, assess the impact of water consumption on downstream consumers and
on competing demands (i.e., agriculture, drinking, sewage, etc.) for
available water.

Response:

TVA bases its conclusion regarding the impact of the Watts Bar Nuclear Plant
upon recreational and industrial use of the Chickamauga Reservoir (stated on
page 2.10-2 of the FES) on: (1) total water supply availability, (2) reservoir
pool elevations, and (3) chemical and physical characteristics. It is concluded
that neither the water use nor the water consumption associated with the Watts
Bar Nuclear Plant would have a significant impact on other downstream uses.

With respect to the insignificances of plant water use, an evaluation of the
data presented in the third paragraph on page 2.10-2 would show that on a
year-round basis the plant water use if entirely consumed (86 MGD) would
be approximately 0.5 percent of the mean annual flow (17.2 BGD) past the
site. In actuality, plant water consumption by evaporation would only be
about 43 MGD. Correspondingly, the plant water consumption, i.e., water not
ultimately returned to the river, would be about 0.25 percent of the mean annual
flow. Therefore, neither the plant water use nor the plant water consumption
are significant portions of the total streamflow available at the site and
remaining streamflow available downstream from the site.

The accuracy of the streamflow measured is at best within ±2 percent of the
total streamflow. Thus on a long-term basis, neither the total water use
nor the consumptive use at Watts Bar Nuclear Plant could be detected by
direct streamflow measurement.

Chickamauga Reservoir is a multipurpose reservoir which is operated in accord-
ance with an established rule curve for purposes of navigation, flood Control,
and hydroelectric power generation. Consumptive water use at Watts Bar Nuclear
Plant per se would have no measurable impact on the streamflow through, or the
pool elevation of, Chickamauga Reservoir as it is operated in accordance with
its statuatory purposes.

As stated in Sections 2.4, 2.5, and 2.6, the discharges from the Watts Bar
Nuclear Plant would have only minimum effects on the chemical and physical
characteristics of Chickamauga Reservoir.
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5. RADIOLOGICAL

Question Number 5.1:

Provide a discussion of the agricultural productivity of the region within
fifty miles of the Watts Bar site. Indicate to what extent these activities
are typical of the State of Tennessee.

Response:

Table 5.1-1 provides a summary of agriculture in counties within a 50-mile
radius of the Watts Bar Nuclear Plant using 1974 data. Within a 50-mile
radius of the Watts Bar Plant there is a total of 30 counties of which
five are located in Georgia, one in North Carolina, and the remainder
in Tennessee.

The agriculture in the area is typical of that of east Tennessee. There
is a total of almost 20,000 farms in the 30-county area, which represents
19 percent of the farms in the State of Tennessee. Farms within the area
sold a total of $194.9 million worth of farm products in 1974 or an average
of $9,838 per farm. Comparable data for the State of Tennessee was a total
of $926.1 million where the average value of farm products sold per farm
was $9,038. The area thus produced 21 percent of the value of agricultural
products sales of the State of Tennessee.

Average size of farm is 117 acres compared to 130 acres for the State of
Tennessee. Land in farms in the 30-county area accounted for 17.5 percent
in farms in Tennessee. A greater proportion of cropland was used for pas-
ture in the area than was true for the State of Tennessee.

Cattle and calves and milk cows were more important in the area than were
feeder pigs and market hogs. The attached table shows that broilers are
extremely important in the area within a 50-mile radiusof the Watts Bar
Plant. Broilers sold within 50 miles are produced in counties in Tennessee,
North Carolina, and north Georgia. The north Georgia counties have a high
concentration of broiler production. The total broiler production within
a 50-mile radius of the plant amounts to 118 percent of the total broilers
sold within the entire State of Tennessee. Excluding the broilers produced
in north Georgia and North Carolina, the region around Watts Bar solely
contained within Tennessee would produce 65 percent of all broilers produced
in Tennessee. Hence, broilers are a much more important product in the area
at Watts Bar than they are in the remainder of Tennessee. On a productivity
basis the area is thus more dependent on livestock and livestock products
than it is on crops and it is slightly more concentrated in its production
per farm or per acre in terms of dollars than the State of Tennessee.

The table also shows acreages of various crops produced. Hay, vegetables,
and orchard crops are important crops in the area and account for from 23 to
almost 50 percent of these crops produced in Tennessee.
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of $9,838 per farm. Comparable data for the State of Tennessee was a total 
of $926.1 million where the average value of farm products sold per farm 
was $9,038. The area thus produced 21 percent of the value of agricultural 
products sales of the State of Tennessee. 

Average size of farm is 111 acres compared to 130 acres for the State of 
Tennessee. Land in farms in the 30-county area accounted for 11.5 percent 
in farms in Tennessee. A greater proportion of cropland was used for pas
ture in the area than was true for the State of Tennessee. 

Cattle and calves and milk cows were more important in the area than were 
feeder pigs and market hogs. The attached table shows that broilers are 
extremely important in the area within a 50-mile radiusof the Watts Bar 
Plant. Broilers sold within 50 miles are produced in counties in Tennessee, 
North Carolina, and north Georgia. The north Georgia counties have a high 
concentration of broiler production. The total broiler production within 
a 50-mile radius of the plant amounts to 11B percent of the total broilers 
sold within the entire State of Tennessee. Excluding the broilers produced 
in north Georgia and North Carolina, the region around Watts Bar solely 
contained within Tennessee would produce 65 percent of all broilers produced 
in Tennessee. Hence, broilers are a much more important product in the area 
at Watts Bar than they are in the remainder of Tennessee. On a productivity 
basis the area is thus more dependent on livestock and livestock products 
than it is on crops and it is slightly more concentrated in its production 
per farm or per acre in terms of dollars than the State of Tennessee. 

The table also shows acreages of various crops prOduced. Hay, vegetables, 
and orchard crops are important crops in the area and account for from 23 to 
almost 50 percent of these crops produced in Tennessee. 
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Response to Question Number 5.1 (continued)

Tabacco is an important crop in the area. However, the yield is lower than
the Tennessee average. Corn is a much more important crop than soybeans or
wheat, which are the other two crops produced ii: the area. The average
yield of corn is the same as the Tennessee average while the yield of soy-
beans and wheat is higher than the average for Tennessee.

The area is more dependent on specialty crops azid livestock or livestock
products than is true for the State of Tennessee and therefore it compares
more favorably in terms of dollar volume than would the State of Tennessee
as a whole.
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TABLE 5. i-1
A Summary of Agriculture in Counties Within a 50-Mile Radius of the

Watts Bar Nuclear Plant

Area within
50-Mile radius

Area as a
% of State
of Tenn.1term

Number of farms
Tot. value of farm products sold (19711) $194
Ave. value of farm product sales/farm
Land in farms (acres) 2
Average size of farm (acres)
Total cropland (acres) 1
Ave. amount of cropland/farm (acres)
Tot. acres of cropland harvested
Ave. amount of cropland harvested/farm (acres)
Total acres of cropland used for pasture
Ave. amount of cropland used for pasture/

farm (acres)
Number of all cattle and calves on farms
Ave. number of cattle and calves/farm
Number of milk cows on farms
Number of hogs and pigs on farms
Number of chickens 3 months old or older

on farms 2
Number of broilers sold 38

19,811
,911,000

$9,838
,328,050

117.5
,2o4,620

60.8
437,982

22.1
696,661

35.2
585,338

29.5
62,096

102,758

,229,433
, 965,,421

State )1, 'Penn.

102,474
$926,132,000

$9,038
13,314,243

129.9
7,783,829

76.0o
3,727,190

36.4
3,534,009

34.5
2,745,893

26.8
238,528
696,873

4,759,696
32,966,544

19.3
21.0

17.5

15.5

l1.8

19.7

21.3

,26.0
14.7

46.8
118.0

Crop Production

Acres of hay
Acres of vegetables
Land in orchards (acres)
Acres of tobacco harvested
Ave. yield of tabacco (pounds/acre)
Total pounds of tabacco produced
Acres of corn harvested
Average yield of corn (bushels/acre)
Total production of corn (bushels)
Acres of soybeans harvested
Ave. yield of soybeans (bushels/acre)
Total production of soybeans (bushels)
Acres of wheat harvested
Ave. yield of wheat (bushels/acre)
Total production of wheat (bushels)

247,664
14,564
1,276
5,303
1,945

10,315,800
101,720

61
6,299,140

42,510
24.4

1,037,600
23,180

31.3
726,990

1,043,861
29,824
5,620

56,54o
1,960

110,945,000
570,000

61
34,770,000
1,520,000

21
31,920,000

325,000
29

9,425,000

23.7
48.8
22.7

9.4

9.3
17.8

18.1
2.7

3.2
7.1

7.7

Data Sources: 1974 U.S. Census of Agriculture (Preliminary) and State Corp Reporting
Services, 1974, (for Tennessee, Georgia, and North Carolina).
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of Tenn. 

19.3 
21.0 

15.5 

11.8 

19.7 

21.3 

26.0 
14.1 

46.8 
11B.O 
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48.8 
22.7 
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Data Sources: 1974 U.S. Census of Agriculture (Preliminary) and State Corp Reporting 
Services, 1974, (for Tennessee, Georgia, and North Carolina). 
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SOCTOECONOMIC YWECTS

Question Number 6.]:

The TVA-FES for the Watts Bar Nuclear Plant was published in November 1972.
No updated socioeconomic data was provided to the staff in the November
1976 Environmental Information Watts Bar Nuclear Plant, Unit Nos. 1 and 2,
ER Supplement. We therefore require an update of any change in the data
and/or the analysis of the information presented in the following sections
of the TVA-FES: 1.1.3(8), 2.2.5(3), 2.10, 8.2.4(7), (8), (10).

Response:

Provided in this response are updates discussing any information relevant
to operation of the facility that is different from that contained in the
FES.

FES Section 1.1.3(8)

(b) Transportation--I-75, which is 12 miles east of the plant, is now
completed.

(c) Farming--First paragraph, tl ere has been no significant change in the
land cover statistics.

Second paragraph, according to the 1974 Census of Agriculture (Preliminary),
there were 790 farms in Rhea and Meigs Counties with gross sales of
$6,701,000. Of these, 313 were classified as commercial and 477 as
subsistence farms. The commercial farms accounted for gross sales of
$6,389,000, while the subsistence farms had gross sales of only
$312,000. Information is not yet available regarding dairy farms.

(g) Population Distribution--See. response to Question Number 1.1.

(h) Waterways--In 1975, traffic through the Watts Bar Lock was 375 thousand
tons while for the Tennessee River, the total was 28.3 million tons.

FES Section 8.2.4(8)

Since November 9, 1972, options have been taken on about 2,200 acres of land
within the five-mile study area. This locale is identified as Smith Bend
on Chickamauga Reservoir between river miles 520 and 525. A Chattanooga Times
news story from Dayton, Tennessee, dated February 26, 1976, reported that
Exxon Corporation had acquired the options for the purpose of creating a new
industrial site. The higher values per acre reflected in the options indicate
industrial real estate market price levels. These options have since been
exercised.
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FES Section 8.2.4(10)

This section stated that 967 acres of land would be committed for the use
of power production during the lifetime of the plant and that restricted
use of 3,165 acres of transmission line rights of way would result during
the lifetime of those lines. Instead, the land commitment for the plant
is 970 acres while restricted use of approximately 2,008 acres of new trans-
mission line rights of way are expected to result.

Question Number 6.2:

For both the construction and operating forces directly associated with the
facility, provide current estimates for the following:

(a) Total employment (update Tables 2.9-2 and 2.9-3),
(b) Breakdown of workers' residential characteristics as follows:

1. Average annual population of relocating workers. Differentiate
between plant employees who change place of residence for the pro-
ject ("relocatees") and those residing in the area during the
week and returning to permanent place of residence on weekends
("transients");

2. Family characteristics of "relocataes" (Marital status, average
number of school age children and the average age of same);

3. Housing preferences of "transients" and "relocatees", and

4. Probable residential location of "transients" and "relocatees".

Rezsonse:

(a) Update Table 2.9-2 is as follows:

Projected Construction Employment

Watts Bar Nuclear Plant

Month

December 1972
June 1973
December 1973
June 1974
December 1974
June 1975
December 1975
June 1976
December 1976

Employment

24
738

1170
1594
194o
2231
2579
2766
3161

Month

June 1977
December 1977
June 1978
December 1978
June 1979
December 1979
June 1.980
December ]980
June 198]

hmployment

3275
2925
2450
1925
1200
775
525
350

0
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Updated Table 2.9-3 is as follows:

Projected Pe?'manent Employment

Watts Bar Nuclear Plant

Month 1'r•o ected Employment

December 19'(6 30
March 1977 85

June 1977 125
September 1977 135
December 1977 170
March 1978 180

June 1978 190

September 1978 200

Average annual 1975 wage for plant staff was approximately $14,500.

(b) The only available information regarding construction workers is con-

tained in construction employee survey reports. Three of these reports

(six copies of each) have been included in a separate package that is

being transmitted directly to the NBC Staff Environmental Project

Manager (on Watts Bar Nuclear Plant) for distribution to the appropriate

NRC staff technical reviewer(s).

With respect to operating employees, no data have been gathered regarding
their family characteristics or housing choices. The distribution of
the present operating force at the Watts Bar Steam Plant is 23 percent
in or around Spring City, 16 percent in or around Dayton, 8 percent in
or around Decatur, and 6 percent in or around Athens. The remainder was
spread among approximately 20 other towns, none of which contained
5 percent or more of the total.

Question Number 6.3:

Describe past, present and proposed efforts in the provision of technical
and financial assistance to the local and regional jurisdictions impacted
by Watts Bar Nuclear Plant.

Response:

Impact assessments during the project planning phase revealed that local
school systems were likely to be adversely affected by the in-moving work
force. In anticipation of this impact, TVA provided two portable class-
rooms to Rhea County for use beginning in the 1973-74 school year. Also,
the financial equivalent of three classrooms and one school bus ($75,000)
was provided to Meigs County for use beginning in the 1975-76 school year.
Recently, one bus was provided to Rhea County for use in the 1976-77
school year. Monitoring will continue and future actions will be based
upon the level of impacts identified. Because of the interest expressed
by the project workers, TVA is assisting in developing an employee trans-
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poration program utilizing buses and van pools. Assessments during the
project planning stage and experience during the construction phase have
revealed no other project impacts requiring mitigation.

Question Number 6.4:

Provide current population distribution data and updated population projections
within a 10-mile radius.

Response:

See response to Question Number 1.1.

Question Number 6.5:

Supply staff with maps illustrating current land use within a 10-mile radius
of the site.

Response:

Six copies of a map and accompanying overlay showing the currently available
land cover and ownership information in the vicinity of the plant site have
been included in a separate package that is being transmitted directly to
the NRC staff Environmental Project Manager (on Watts Bar Nuclear Plant) for
distribution to the appropriate NRC staff technical reviewer(s).
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8. METEOROLOGY

Question Number 8.1:

Provide diurnal and monthly averages and extremes of temperatures, dew
point, and relative humidity based on recent long term (e.g., 30 years)
climatic data. This information should be fully documented and sub-
stantiated as to the validity of its representation of expected long-
term conditions at and near the site.

Response:

The response to this question is provided in the Watts Bar Nuclear Plant
FSAR Section 2.3.2 and Tables 2.3-2, 2.3-3, 2.3-7, 2.3-8, 2.3-9, 2.3-10,
and 2.3-11.

Question Number 8.2:

Provide at least two annual cycles (preferably three or more whole years),
including the most recent one-year period, of monthly and annual onsite wind
speed and direction data in joint frequency form at all heights of measure-
ment representative of wind characteristics for points of effluent release
to and transported within, the atmosphere.

Response:

The response to this question is provided in the TVA response to NRC Item
B.l.a on Appendix I.

Question Number 8.3:

Provide monthly and annual joint frequencies of wind direction and speed
by atmospheric stability class at heights and intervals relevant to
atmospheric transport of effluents within 50 miles of the site. These
data may be supplemented by nearby representative stations.

Response:

The response to this question is provided in the TVA response to NRC Item
B.l.b on Appendix I.
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Question Number 8.4:

Provide information concerning the number of hours with precipitation,
rainfall rate distributions and monthly precipitation wind roses.

Response:

The response to this question is provided in the TVA responses to NRC Item
B.l.c on Appendix I and NRC Request Item 5 on Appendix I meteorological infor-
mation acceptance review.

Question Number 8.5:

Discuss the impact of existing levels of air pollution and station operation.

Response:

Existing levels of air pollution in the Watts Bar Nuclear Plant area are so
low that no impact on operation of the Watts Bar Nuclear Plant is expected.

Question Number 8.6:

Discuss the relationship of the meteorological data gathered on a regional
basis to onsite data.

Response:

The response to this question is provided in the Watts Bar Nuclear Plant
FSAR Sections 2.3.1.3, 2.3.2, and 2.3.3.3 and the TVA response to NRC Item 1
on Appendix I meteorological information acceptance review.

Question Number 8.7:

Provide a discussion of the effect of local topography on meteorological
conditions in the Watts Bar area.

Response:

The response to this question is provided in the Watts Bar Nuclear Plant
FSAR Fections 2.3.1.2, 2.3.2.2 (pages 2.3-7 and 2.3-8), 2.3.3.3, and
2.3.4.-' and the TVA response to NRC B.2.e and Appendix I.
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Question Number 8.8:

Provide monthly mixing height data.

Response:

The response to this question is provided in the Watts Bar Nuclear Plant
FSAR Section 2.3.2.2 (pages 2.3-8) and the TVA response to NRC Item B.2.c on
Appendix I.

Note: These are seasonal and annual values that were readily available. The
latter (for Appendix I) had values interpolated with lesser precision, only to
the nearest 50 meters, than the former.

Question Number 8.9:

For assessment of the impact of station operation on the environment, provide
data summaries (e.g., moisture deficit, visibility, solar radiation) to
support your conclusions of the frequency and extent of fogging and icing
conditions as a result of the use of natural draft cooling towers and of
other impacts on the environment.

Response:

Solar radiation data are not applicable to analysis of shading effects from
the cooling tower plume(s) because there is a high incidence and much
variability of natural cloudiness related to temporal variations of synoptic
conditions in the site area. Data on fog are presented in FES section 2.6.2(2)
and in FSAR section 2.3.2.2 and table 2.3-12. Atmospheric moisture deficit
values were calculated from Nashville rawinsonde data from the FES analysis of
natural draft cooling tower plume behavior. Onsite atmospheric moisture
deficit values can be calculated from the dew point and dry bulb temperature
data for the 4-foot level which are recorded on the magnetic data tape
provided to the NRC in response to Item B.l.b on Appendix I. As a result of
March 2 and March 7, 1977, telephone discussions between Norris Nielsen,
TVA Meteorologist, and Leta Andrews, NRC meteorologist, NRC use of only the
onsite moisture data is planned for the operating license stage EIS.

Question Number 8.10:

Provide appropriate summaries of joint humidity data along with the joint
wind speed, stability category, and the wind direction frequencies for
heights related to the estimation of cooling tower moisture dispersion for
at least one annual cycle in order to provide a basis for the estimation
of the impact of tower operation on the environment. If detailed site-
specific meteorological data as described above are not available, you may
present information applicable to the general site area from the National
Weather Service or other authoritative sources.
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Response:

Nashville rawinsonde data were used in lieu of unsite data for the FES analysis
of natural draft cooling tower plume behavior. However, as is stated in the
response to NRC Question 10, the two-year onsite data tape provided previously
will be used as the source of data for NRC's evaluation relative to prepara-
tion of the operating license stage EIS. It should be noted that use of h-
foot level dry bulb and dew point temperature data will provide somewhat
conservative results (i.e.., longer visible plumes on the average) due to
higher average moisture content of the air at the level than at plume heights.
Wind Olata for the 300-foot level uf the onsite meteorological tower should
be used as it .Ill better respresent air flow at plume height than will the
33-foot wind data. However, rtmpared to the FE" ])li'ne direction frequencies

based on the Nashville rawinsondt! lata, the plume direction frequencies oased
on 300-foot onsite onsite wind data can be expected to show greatui upvailey
and downvalley frequencies and less crossvalley frequencies.

Question Number 8.11:

Discuss the techniques used to estimate the change in cooling tower plunie
width as a function of distance and direction from the cooling tower.

Response:

The analysis of cooling tower plume impact was concerned exclusively with
plume length. Explanation of the method of analysis is stated in FES
Section 2.6.2(2). As stated in the text, plume lenths were computed for
sixteen 22½0 compass point sectors. The plume was assumed to fill the
sector, and plume width was not computed.

Question Number 8.12:

Compare the Paradise Steam Plant site (which was used in making estimates
of cooling tower plume length for Watts Bar) and the Watts Bar site with
respect to parameters (e.g., wind, stability, humidity) related to cooling
tower plume dispersion.

Response:

The Watts Bar Nuclear Plant site is located in the Great Valley of the
Tennessee River, between the Cumberland Plateau and the Great Smoky Mountains.
The valley-ridge orientations are roughly northeast-southwest. Within 15
miles, the significant top? . iical features in the Watts Bar area include
Walden - Ige (200 to 1100 above plant grade) to the west and a series
of lower ridges (100 to 30, .t above plant grade) to the east. The Paradise
Steam Plant site is located ... the Green River Valley in western Kentucky,
where there are no major valley-ridge terrain features. Within a 15-mile
radius of the Parp'ý2 e site, the topographic 'eatures consist of rolling
hills •gener Jly - 200 feet above plant grade).
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Response: (continued)

The climate at both sites is primarily temperate continental and dominated
much of the year by the Azores-Bermuda anticyclonic circulation. This
circulation is most pronounced in the late summer and 'all and produces
extended periods of fair weather. In the winter and early spring, the
circulation patterns become diffuse with relatively more frequent passage
of high and low pressure systems and associated air mass fronts. This causes
frequent changes in the local winds, stability, precipitation, and other
meteorological variables. The values of meteorological parameters related
to cooling tower plume disper7sion (wind, stability, temperature, and humidity)
can be affected by both local and regional topographic features. Temperature
and humidity patterns provide information on atmospheric moisture content
and absolute humidity deficit.

The wind at the Paradise site is most frequently from the south and southwest,
with a secondary maximum from the northwest. This wind direction frequency 1
distribution is representative of regional flow patterns in western Kentucky.
At the Watts Bar site, onsite data show the most frequent wind directions are
southwesterly (upvalley) and northeasterly (downvalley), roughly parallel to
the local valley-ridge terrain. The winds at and above the level of release
from the cooling towers (approximately 500 feet high) are less affected by
the topographic channeling. Therefore, it is expected that frequencies of
southwest and northeast wind directions will be reduced and frequencies of
south and west through north wind directions will be significantly greater.
However, Paradise probably has a more uniform frequency distribution of wind
direction and somewhat higher wind speeds than Watts Bar at cooling tower

plume heights.

There is a significantly greater potential for air stagnation conditions in
the Watts Bar area than in the Paradise area. 2' 3  This is coincident with a
somewhat greater frequency of stable atmospheric conditions, including limited
layer mixing.

The differences in the topographic features and the air stagnation potential
at these two sites, the greater evapotranspiration in the Watts Bar area, and
the similarity of the temperature patterns at both sites appear to contribute
to slightly greater relative moisture content in the atmosphere and consequent
slightly smaller absolute humidity deficits, on the average, at Watts Bar.

REFERENCES

1. U.S. Department of Commerce. Climatic Atlas of the United States, ESSA,
EDS, 1968. (Reprinted by NOAA, 1974).

2. Korshover, J. "Synoptic Climatology of Stagnating Anticyclones East of
the Rocky Mountains, 1936-1970," NOAA Technical Memorandum ERL ARL-34,
U.S. Department of Commerce, Air Resources Laboratories, Silver Spring,
Maryland, October 1971.

3. Holzworth, G. C. Mixing Heights, Wind Speeds, and Potential for Urban
Air Pollution Throughout the Contiguous United States, Environmental
Protection Agency, Research Triangle Park, North Carolina, January 1972.
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Question Number 8.13:

Provide information describing the locations and elevations of observation
stations, instrumentation, and frequency and duration of meteorological data
provided to describe the local air quality and local regional meteorology
near the Watts Bar site. This information should include descriptions of
instruments, performance specifications, calibration and maintenance procedures,
data output and recording systems and locations, and data analysis procedures.

Response:

The Watts Bar onsite meteorological measurements program is presented in
Section 2.3.3 of the Watts Bar Nuclear Plant Final Safety Analysis Report
(FSAR).
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COVER SHEET
ENVIRONMENTAL IMPACT STATEMENT

WATTS BAR WASTE HEAT PARK
RHEA COUNTY, TENNESSEE

[ Draft [ X I Final environmental impact statement prepared by
the Tennessee Valley Authority. For additional information contact:

Dr. Mohamed T. El-Ashry, Assistant or TVA's Citizen Action Office
Manager of Natural Resources Toll free
(Environment) 1-800-362-9250 (Tennessee)

Natural Resources Building 1-800-251-9242 (Other areas)
Norris, Tennessee 37828
(615) 632-6450

1. [ X I Administrative action [ ] Legislative action

2. Lead Agency - Tennessee Valley Authority
Cooperating Agency - United States Army Corps of Engineers

3. Contingent upon availability of funds, TVA is proposing to promote
large-scale commercial waste heat utilization by constructing a waste
heat distribution system on a site adjacent to TVA's Watts Bar Nuclear
Plant in Rhea County, Tennessee. The distributionsystem would be
used to transport heated water (condenser circulating water) from the
nuclear plant to an agro-industrial park which would use the heated
water as an energy source and return the water to the plant for reuse
in the CCW system. An easement (contract) would be used to convey
the site to a park management organization which would be responsible
for developing and operating the waste heat park. Conditions would
be placed on the park to protect the health and safety of the public,
the environment, and other interests of the United States. Environ-
mental impacts associated with construction and operation of the waste
heat park include: (1) a change in land use, including altering ter-
restrial habitat; (2) minor impacts to floodplains and wetlands;
(3) potential socioeconomic, cultural, and aesthetic impacts; and
(4) potential discharge of pollutants to the air and water. Develop-
ment of the waste heat park would have fewer adverse impacts than
would be expected from similar developments utilizing conventional
heat sources.

4. Alternative sites for locating a waste heat facility and alternative
actions which would effectively demonstrate the waste heat park con-
cept are evaluated. This proposal was found to be the only practical
and reasonable alternative available.

5. The draft statement was sent to the Environmental Protection Agency
and made available to the public on October 20, 1980. The final
statement.was sent to the Environmental Protection Agency and made
available to the public on July 31, 1981

6. No action will be taken on this matter until 30 days after the notice
of availability for the final statement appears in the Federal Register
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EXECUTIVE SUMMARY

Introduction

TVA is considering granting a 400-acre easement at the Watts Bar
Nuclear Plant site to establish a waste heat park. A waste heat park is
an agricultural, aquacultural, and/or industrial area that uses power
plant waste heat to save energy and improve the commercial viability of
the park's businesses. The park is envisioned to include a number of
facilities in a spectrum of industrial classes. The easement would be
granted to a local public-oriented development organization which would
be responsible for park operation and maintenance. Conditions would be
placed on park to protect the health and safety of the public, the
environment, and other interests of the United States. The purpose of
the Environmental Impact Statement (EIS) is to inform TVA decision
makers and the public of'the significant environmental impacts and the
reasonable alternatives which would avoid or minimize adverse impacts or
enhance the quality of the environment. While this document must, to
fulfill its purpose, discuss all significant adverse impacts associated
with the proposed project; it should be emphasized that these impacts
are less than would be expected from similar development at this site or
elsewhere utilizing a conventional heat source. The use of coal, uranium,
or another fuel in lieu of waste heat would have significant impacts
associated with resource exploration, mining, transportation, energy
production, and waste management that are avoided through the use of
waste heat. The EIS will also serve to facilitate environmental review
of specific park applicants and aid park occupants in acquiring their
own permits by providing an assessment of the existing environment and
mitigative needs.

This EIS assesses the project alternatives, including the no-action
alternative (not granting the easement). Five candidate sites for the
facility are assessed in the EIS. The document evaluates 21 potential
Standard Industrial Classification code agricultural, aquacultural, or
industrial businesses that are believed to show promise for waste heat
applications. In addition to the evaluation of project alternatives, the
EIS provides a more detailed analysis of environmental effects should the
preferred Watts Bar alternative be implemented. The purpose of this treat-
ment is to facilitate the environmental review of and permitting processes
for potential park users.

Purpose and Need

The need to which TVA is responding is that of demonstrating the
feasibility of large-scale waste heat utilization.

TVA's statutory responsibilities include the generation of electri-
cal power, flood control, navigation improvement on the Tennessee River,
and agricultural and industrial development in the seven State Tennessee
Valley region. As a regional resource agency, TVA is committed to
development of the resources in the Tennessee Valley region in a manner
that conserves and enhances the environment. TVA operates the Nation's
largest power system, supplying an ample amount of electric energy at
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the lowest feasible cost. In meeting this objective, TVA conducts
research on new, economical ways to provide or use energy in a manner
consistent with this Nation's policy to protect and enhance the natural
environment. The proposed project is a step toward meeting these
obligations for the future.

The recent history of conventional energy supplies indicates that
they may be subject to supply interruptions, shortages, and rapid price
escalation. With the increasing cost of and rising demand for energy,
the Nation can no longer afford the wasteful consumption of resources.
A national energy effort, which includes major conservation measures,
the development of alternative energy sources, and the more efficient
use of existing resources, has been implemented.

TVA is considering a number of energy use proposals with an emphasis
on developing near-term technology to begin a substantive improvement in
energy-use patterns as soon as possible. This includes proposals for
substituting the use of coal in an environmentally acceptable fashion to
reduce industrial and commercial dependence on natural gas and petroleum,
reducing dependence of the transportation sector on petroleum, using
waste heat and energy discharged from steam-electric generating plants
or contained in municipal and industrial wastes, and developing energy
conversion technology and environmental controls. The waste heat park
concept, as proposed for demonstration at the Watts Bar site, is one
means of implementing energy use goals by utilizing what would otherwise
be a lost energy resource, thus conserving existing fuel supplies.
While the immediate benefit of this project would accrue to the TVA
region, ultimately this demonstration will assist in reducing this
Nation's need for costly and undependable foreign energy supplies.

From 50 to 65 percent of the raw fuel energy input for conventional
steam-electric generating plants is transferred to condenser circulating
water and discharged to the environment as high-volume, low-grade "waste
heat." It has been estimated that TVA's annual production of waste heat
in the 1990's may exceed 1.5 x 1015 Btu's. The utilization of even a
portion of the energy from waste heat would result in a corresponding
savings of existing fuel sources, thus providing a positive incentive
for development of waste heat use. Other factors within the TVA system,
including higher operating temperatures, increased plant sizes, and the
use of cooling towers in closed mode, contribute to the quality and
reliability of the waste heat source and provide additional incentives
for TVA to develop waste heat use.

TVA has been involved in waste heat research and development since
the late 1960's. In 1978 TVA initiated a 5-year research and development
study on waste heat use, the emphasis of which was to accelerate technology
development for transfer to commercial users for widespread application
at power plants. Efforts were focused on advancing a balance of multiple
waste heat uses--including agricultural, aquacultural, and industrial
application--and developing power plant interface systems which could
adequately handle large-scale complexes of these multiple uses. Initial
research indicates that only through widespread application of large-
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scale multiple use complexes can power plant waste heat become a signi-
ficant usable energy resource on a national basis.

In addition, large-scale multiple use complexes or "waste heat
parks" offer a variety of advantages over small-scale applications which
are conceived and dealt with individually as each new potential user
appears. Some of these advantages include:

1. Development and use of common service facilities (rawwater,
sewers, waste disposal, roads, etc.);

2. Reduced individual user capital and operating costs for waste
heat supply and return system;

3. Planning for total needs of large multiple-use complexes
developed over time so first users do not adversely affect
those following; and

4. Opportunity to integrate waste heat applications to achieve
more efficient use of the waste heat.

Moreover, due to these advantages, a well-planned and staged large-scale
development should reduce individual user product cost.

TVA is proposing to convey a site of approximately 400 acres adjacent
to the Watts Bar Nuclear Plant to demonstrate commercial waste heat con-
cepts. An easement with appropriate development restrictions would
convey the site to a park management organization for development.

In carrying out its responsibilities under the TVA Act, TVA follows
a policy designed to develop and enhance a quality environment. As a
result of this policy, TVA has long considered environmental matters in
its decisionmaking. Offices and divisions within TVA employ personnel
with a wide diversity of experience and academic training which enables
TVA to utilize a systematic, interdisciplinary approach to ensure the
integrated use of the natural and social sciences and the environmental
design arts in planning and decisionmaking. As a Federal agency, TVA is
subject to the requirements of the National Environmental Policy Act of
1969 (NEPA).

This statement discusses the environmental considerations relating
to the granting of easements for the Watts Bar Waste Heat Park consistent
with interests of the United States, including those identified by NEPA
and TVA's implementing procedures. In preparing this statement, TVA has
been particularly conscious of CEQ's guidance to avoid highly technical
and specialized analyses and data in the body of the statement. This
document is being sent to local, State, and Federal agencies.

This environmental impact statement generally evaluates the impacts
from potential users of waste heat at the Watts Bar site. When specific
uses are identified, they will be evaluated by TVA under NEPA and TVA's
implementing procedures. If necessary, conditions will be placed on
easement agreements to protect the health and safety of the public, the
environment, and other interests of the United States.

V

scale multiple use complexes can power plant waste heat become a signi
ficant usable energy resource on a national basis. 

In addition, large-scale mUltiple use complexes or "waste heat 
parks" offer a variety of advantages over small-scale applications which 
are conceived and dealt with {ndividually as ~ach new potential user 
appears. Some of these advantages include: 

1. Development and u~e of common service facilities (raw water, 
sewers, waste disposal, roads, etc.); 

2. Reduced individual user capital and operating costs for waste 
heat supply and return system; 

3. Planning for total needs of large multiple-use complexes 
developed over time so first users do not adversely affect 
those following; and 

4. Opportunity to integrate waste heat applications to achieve 
more efficient use of the waste heat. 

Moreover, due to these advantages, a well-planned and staged large-scale 
development should reduce individual user product cost. 

TVA is -proposing to convey a site of approximately 400 acres adjacent 
to the Watts Bar Nuclear Plant to demonstrate commercial waste heat con
cepts. An easement with appropriate development restrictions would 
convey the site to a park management organization for development. 

In carrying out its responsibilities under the TVA Act, TVA follows 
a policy designed to develop and enhance a quality environment. As a 
result of this policy, TVA has long considered environmental matters in 
its decisionmaking. Offices and divisions within TVA employ personnel 
with.a wide diversity of experience and academic training which enables 
TVA to utilize a systematic, interdisciplinary approach to ensure the 
integrated use of the natural and social sciences and the environmental 
design arts in planning and decisionmaking. As a Federal agency, TVA is 
subject to the requirements of the National Environmental Policy Act of 
1969 (NEPA). 

This statement discusses the environmental considerations relating 
to the granting of easements for the Watts Bar Waste Heat Park consistent 
with interests of the United States, including those identified by NEPA 
and TVA's implementing procedures. In preparing this statement, TVA has 
been particularly conscious of CEQ's guidance to avoid highly technical 
and specialized analyses and data in the body of the statement. This 
document is being sent to local, State, and Federal agencies. 

This environmental impact statement generally evaluates the impacts 
from potential users of waste heat at the Watts Bar site. When specific 
uses are identified, they will be evaluated by TVA under NEPA and TVA's 
implementing procedures. - If necessary, conditions will be placed on 
easement agreements to protect the health and safety of the public, the 
environment, and other interests of the United States. 

v 



Alternatives

The environmental impacts associated with the construction and opera-
tion of a waste heat park, considering alternative sites and alternative
actions to demonstrate the waste heat park concept, have been evaluated
in this statement. Alternatives include no action, the development of a
waste heat park at an alternate site, alternative management schemes,
and the proposed action of granting an easement for the development of a
waste heat park at Watts Bar.

The implementation of the no-action alternative would result in the
temporary maintenance of the existing resources of the TVA-owned site
and the surrounding area, but would also result in the continued loss of
a potentially valuable energy resource. Locating the initial large-scale
demonstration of waste heat use at an alternate site would not appear to
reduce or offset significantly any of the environmental impacts anticipated
at Watts Bar, but could delay or limit the application of waste heat
concepts. Alternative management options--entities responsible for park
development and waste heat use demonstration, land conveyance methods,
management requirements, and pricing policies--exercised in a manner
other than that proposed could result in less than optimum utilization
of the waste heat resources through reduced local participation, fewer
sources of funding, and pricing that might discourage user participation
in a proof-of-concept venture. No environmental advantages could be
identified for any of the rejected options.

Granting an easement to a public park management organization for the
waste heat park development at Watts Bar was selected as the most practical
alternative based in part on site evaluation criteria which included sche-
dules, accessibility of piping, mode of cooling tower operation, operating
temperatures, minimal conflict with health and safety systems, availability
of suitable nearby land, local economic potential, adverse impacts which
could practicably be minimized, and local capability to form a park develop-
ment corporation. The easement would include appropriate conditions to
protect the health and safety of the public, the environment, and other
interests of the United States.

Affected Environment and Environmental Consequences - Alternatives

Sites evaluated and found most feasible as candidates for a large-
scale waste heat park demonstration are Bellefonte, Hartsville, Phipps
Bend, Watts Bar, and Yellow Creek Nuclear Plants. Major engineering and
environmental characteristics are summarized and evaluated; there would
not appear to be any environmental issues which would preclude park
development at any of the alternative sites.

Generic descriptions of park development and operations are presented
and evaluated. Services which probably would be provided for park users
regardless of the site selected or the entity sponsoring park development
include paved roads, railroad access, utilities, landscaping, stormwater
runoff management, and a raw water supply. The potential for central
backup and heat augmentation systems is being investigated; conservative
assumptions on the location, fuel requirements, sizing, and materials
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handling are used in evaluating the potential impacts of these systems.
Agricultural, aquacultural, and industrial uses suitable for waste heat
applications are described.

Impacts resulting from the no-action alternative would include
exercising other options for long-term land use changes, the loss of the
waste heat energy resource, and the continued or increased consumption
of existing fuel supplies. The no-action alternative would also increase
the total adverse environmental impacts by forcing industries to use
other energy sources with the much greater potential for environmental
effects associated with energy production and use from the associated
fuel cycle. Many impacts associated with the development of a waste
heat park at an alternative site would be similar regardless of location,
except that potential radiological impacts of boiling water reactors and
pressurized water reactors would differ slightly. Impacts that could
result from management schemes other than those proposed could result in
less than optimum utilization of the waste heat resources; no environ-
mental advantages could be identified for any of the rejected management
options.

Affected Environment and Environmental Consequences - Watts Bar Site

More detailed evaluations of the Watts Bar site and of site-specific
environmental impacts and mitigative measures are presented as appendices
to the EIS to assist regulatory agencies and potential park occupants in
licensing procedures. This document incorporates related studies under
the Endangered Species Act, the National Historic Preservation Act, and
other environmental review laws and executive orders. Studies indicate
that two species of endangered freshwater mussels and one endangered fish
species occur in the vicinity of the proposed site. One archaeological
site, 40RH64, within park boundaries has been determined by TVA to be
eligible for the National Register of Historic Places. Wetlands are pre-
sent on and adjacent to the site, and a significant portion of the proposed
park property lies below base floodplain elevation.

Potential construction impacts include loss of soil productivity,
fugitive dust emissions resulting from grading and clearing operations
and construction traffic, minor increases in combustion emissions from
construction vehicles, alteration of natural drainage patterns, increased
sediment loads in surface water bodies, temporary increases in nearby
community sound levels, alteration of terrestrial habitat, displacement
of wildlife, visual effects, and noncritical development in floodplain
and wetland areas.

Potential operational effects evaluated include a minor change in
the quality of the nuclear plant condenser circulating water; increased
S02 , particulate, and NO emissions; microclimate modifications; increased
withdrawal of surface-water; possible thermal effects from discharges;
reduced flow from springs in the area; pumpage interference between
existing and new water supply wells; discharges to surface or ground
water sources; increased noise levels; increased population radiological
dose commitments due to an increased working force in proximity to the
nuclear plant; loss of open space; entrainment of larval fish; accidental
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industrial spills; land use changes; operation of facilities in floodplain
or wetlands areas; and disturbance of cultural resources.

Mitigative measures which may reduce or minimize impacts include:
best management practices during construction to reduce soil erosion and
sedimentation potential, revegetating disturbed areas, installing control
equipment on potential air pollution sources suchas augmentation and
backup systems, treatment of discharges to receiving streams, disposal
of solid wastes in an approved sanitary landfill, implementation of
spill prevention control and countermeasures plans, the protection of
ground water quality, revision of the Radiological Emergency Plan,
careful selection of facility locations, timing of activities, and
recovery or protection of cultural resources.

Some unavoidable adverse impacts would remain after application of
the planning and mitigative measures discussed above. However, these
represent minor increases in impacts already created by nuclear plant
construction and operation.

Short-Term Uses vs Long-Term Productivity

The site to be developed is adjacent to an established waste heat
source. Successfully utilizing this source would contribute to the
immediate goal of demonstrating the feasibility of waste heat utilization
and to the long-term consequences of conserving fuel supplies, developing
otherwise wasted resources, and advancing related production and process
technologies.

One long-term, secondary benefit would be the expansion of employment
opportunities by providing additional jobs. Most of the jobs would be per-
manent, which would contribute long-term employment stability to the area.
Another gain would be the increased economic activity resulting from the
increase in local incomes. The development of the waste heat park could
have some positive effect on the loss of area employment when the Watts
Bar Nuclear Plant is completed. However, because of the time lag between
plant completion and the staged development of the park, the sizeable pay
differential between the two types of jobs, and the difference in skill
demand, this effect should be minimal.

The area could be restored to other uses at the termination of the
waste heat park project, which represents a short-term commitment of
land use. The preclusion of other site uses associated with the nuclear
plant could be a long-term effect. Land occupied by expanded urban
areas or by transportation facilities would be considered a long-term
use. Productivity in relation to soils, vegetation, and wildlife habitat
would be altered but would be expected to be restored over the long
term. Disturbance of cultural resources, even with salvage, would
represent an irreversible'commitment, although present researchers would
have the benefit of information gained from material exposed during site
preparation.

The operation of the waste heat park should not result in significant
long-term environmental degradation. All effluents discharged to the air,
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water, and land will be in compliance with applicable regulatory require-
ments and within levels which are considered acceptable for the short-term
uses of the environment.

Irreversible and Irretrievable Commitments of Resources

Building materials would be committed for the construction of park
facilities, as well as for roads and buildings to accommodate the expected
trade growth. Energy, in the form of petroleum products and electricity,
would be consumed for development activities and for park operations.
Manpower would be committed to this project in lieu of utilizing the
work force elsewhere. From undisturbed areas, wildlife habitat, open
space, and some soil quantity and quality would be lost for the life of
the project. Cultural resources in areas designated for surface distur-
bance would be committed to destruction, protection, or salvage.

Conclusion

The successful demonstration of commercial waste heat utilization
will benefit the Tennessee Valley region and the Nation. The preferred
alternative, granting an easement for the development of a waste heat
park at Watts Bar, is the best available means of demonstrating large-
scale waste heat concepts. Implementing this action at the Watts Bar
site should facilitate the demonstration of waste heat technology and
should provide sufficient assurance that the park does not adversely
affect the nuclear plant. This document generally evaluates the impacts
and specifies constraints for a number of potential users of waste heat
that could be expected to locate at the Watts Bar facility. When specific
uses are identified, they will be evaluated by TVA under NEPA and TVA's
implementing procedures, and if necessary, conditions will be placed in
easements to ensure the protection of the health and safety of the
public, the environment, and other interests of the United States.

It is concluded that granting an easement to a park management
organization for the development of a waste heat park at Watts Bar is an
environmentally sound action, with fewer adverse impacts than would be
expected from similar development elsewhere utilizing conventional heat
sources. Development of the waste heat park at Watts Bar is the most
reasonable (perferred) alternative and should be implemented.
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1. PURPOSE AND NEED

The need to which TVA is responding, that of demonstrating the feasi-
bility of large-scale waste heat utilization, is described in this chapter.

1.1 ENERGY USE GOALS

The Tennessee Valley Authority (TVA) is a corporate agency of the
United States created by the Tennessee Valley Authority Act of 1933 (48
Stat. 58, as amended, 16 U.S.C. §§ 831-83ldd [1976; Supp. III, 1979)).
TVA's statutory responsibilities include the generation of electrical
power, flood control, navigation improvement on the Tennessee River, and
agricultural and industrial development in the seven-State Tennessee
Valley region. As a regional resource agency, TVA is committed to devel-
opment of the resources in the Tennessee Valley region in a manner that
conserves and enhances the environment. TVA operates the Nation's largest
power system supplying an ample amount of electric energy at the lowest
feasible cost. In meeting this objective, TVA conducts research on new,
economical ways to provide or use energy in a manner consistent with this
Nation's policy to protect and enhance the natural environment. The pro-
posed project is a step toward meeting these obligations for the future.

The recent history of conventional energy supplies indicates that
they may be subject to supply interruptions, shortages, and rapid price
escalation. With the increasing cost of and rising demand for energy,
the nation can no longer afford the wasteful consumption of resources.
A national energy effort, which includes major conservation measures,
the development of alternative energy sources, and the more efficient
use of existing resources, has been implemented.

TVA is considering a number of energy use proposals with an emphasis
on developing near-term technology to begin a substantive improvement in
energy use patterns as soon as possible. This includes proposals for sub-
stituting the use of coal in an environmentally acceptable fashion to
reduce industrial and commercial dependence on natural gas and petroleum,
reducing dependence of the transportation sector on petroleum, using waste
heat and energy discharged from steam-electric generating plants or con-
tained in municipal and industrial wastes, and developing energy conversion
technology and environmental controls. The waste heat park concept, as
proposed for demonstration at the Watts Bar site, is one means of implement-
ing energy use goals by utilizing what would otherwise be a lost energy
resource, thus conserving existing fuel supplies.
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1.2 WASTE HEAT UTILIZATION

From 50 to 65 percent of the raw fuel energy input for conventional
steam-electric generating plants is transferred to condenser circulating
water and discharged to the environment as high-volume low-grade "waste
heat." It has been estimated that TVA's annual production of waste heat
in the 1990's may exceed 1.5 x 1015 Btu's. The utilization of even a
portion of the energy from waste heat would result in a corresponding
savings of existing fuel sources, thus providing a positive incentive
for development of waste heat use. Other factors within the TVA system,
including higher operating temperatures, increased plant sizes, and the
use of cooling towers in closed mode, contribute to the quality and
reliability of the waste heat source and provide additional incentives
for TVA to develop waste heat use.

TVA has been involved in waste heat research and development since
the late 1960's. In 1978, TVA initiated a 5-year research and development
study on waste heat use, the emphasis of which was to accelerate
technology development for transfer to commercial users for widespread
application at power plants. Efforts were focused on advancing a bal-
ance of multiple waste heat uses--including agricultural, aquacultural,
and industrial applications--and developing power plant interface systems
which could adequately handle large-scale complexes of these multiple
uses. Initial research indicates that only through widespread application
of large-scale multiple use complexes can power plant waste heat become a
significant useable energy resource on a national basis.

In addition, large-scale multiple use complexes or "waste heat parks"
offer a variety of advantages over small-scale applications which are
conceived and dealt with individually as each new potential user appears.
Some of these advantages include:

1. development and use of common service facilities (raw water,
sewers, waste disposal, roads, etc.);

2. reduced individual user capital and operating costs for waste
heat supply and return system;

3. planning for total needs of large multiple use complex
developed over time so first users do not adversely affect
those following; and

4. opportunity to integrate waste heat applications to achieve
more efficient use of the waste heat. 1

Moreover, due to these advantages, a well-planned and staged large-scale
development should reduce individual user product cost.
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TVA is proposing to make available a site of approximately 400 acres
adjacent to the Watts Bar Nuclear Plant to demonstrate commercial waste
heat concepts. When fully developed the waste heat park would use approxi-
mately 12 percent of the total waste heat produced by the 2-unit nuclear
plant. An easement with appropriate development conditions would be granted
under provisions of Public Law No. 87-852 (40 U.S.C. §§ 319-319c [1976])
for the use of the site.

1.2 REFERENCES

1. Tennessee Valley Authority. Watts Bar Waste Heat Park Feasibility
Analysis. January 1979.
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1.3 ENVIRONMENTAL POLICY

"In carrying out its responsibilities under the TVA Act, TVA follows
a policy designed to develop and enhance a quality environment. As a
result of this policy, TVA has long considered environmental matters in
its decisionmaking. Offices and divisions within TVA employ personnel
with a wide diversity of experience and academic training which enables
TVA to utilize a systematic, interdisciplinary approach to ensure the
integrated use of the natural and social sciences and the environmental
design arts in planning and decisionmaking. As a Federal agency, TVA is
subject to the requirements of the National Environmental Policy Act of
1969 (NEPA), 42 U.S.C. §§ 4321 et seq. (1976), which became effective on
January 1, 1970.

This statement discusses the environmental considerations relating
to the granting of easements for the Watts Bar Waste Heat Park consistent
with Section 102(2)(C) of NEPA, the Council on Environmental Quality (CEQ)
NEPA implementing procedures (40 CFR Parts 1500-1508), and TVA's procedures
for implementing NEPA (45 FR 54, 511-15). In preparing this statement,
TVA has been particularly conscious of CEQ's guidance to avoid highly
technical and specialized analyses and data in thebody of the statement.
While this EIS must, to fulfill its purpose, evaluate all significant
adverse impacts associated with the proposed project, it should be
emphasized that these impacts are less than would be expected from similar
development at this site or elsewhere utilizing a conventional heat source.
The overall environmental effects of energy conversion and use from a
conventional fuel cycle would include effects from exploration, mining,
transportation, energy conversion, and waste management. This document
is being sent to local, State, and Federal agencies and is available to
the public.

This environmental impact statement generally evaluates the impacts
from potential users of waste heat at the Watts Bar site. When specific
uses are identified, they will be assessed by TVA under NEPA and TVA's
implementing procedures, and if necessary, conditions will be placed in
easements to ensure the protection of the health and safety of the public,
the environment, and other interests of the United States.
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2. ALTERNATIVES

This chapter discusses alternative actions, including the proposed
action (granting an easement) and the no-action alternative, which are
available to TVA in meeting its statutory responsibilities and in imple-
menting national energy use goals by demonstrating waste heat utilization
concepts.

2.1 NO ACTION

Exercising this alternative would result in no change in the status
of the property adjacent to Watts Bar Nuclear Plant. TVA would retain
title to the approximately 400-acre site and would not demonstrate com-
mercial waste heat concepts at this time. Because there is recognized
economic potential for the geographic area, it may be feasible for a
multiple-use complex, similar to the one proposed but utilizing conven-
tional energy sources, to be developed near the proposed site. A park
using conventional energy sources would generate about the same impacts
as those assessed in Appendix B, in addition to increasing the consumption
of existing energy forms and associated impacts.

TVA is pursuing several different new technologies such as solar
and biomass conversion. These are still in the formulative stages. TVA
is proceeding with conservation and load management measures which should
reduce overall power needs in the region. Long-term projections indicate
that these measures alone cannot be used to fulfill the system's require-
ments. Rather, a mix of conservation, conventional power generation,
and new technology-based generation will likely be needed to meet future
load growth. Waste heat is one of the Valley's and the Nation's abundant,
but as yet untapped, resources that can be utilized to help meet tomorrow's
energy requirements.

Failure to take action would result in the maintenance, at least
temporarily, of the existing environmental resources of the TVA-owned
site and the surrounding area. However, other land-use options for this
site may be evaluated by TVA which could result in a change in the site's
present condition. No action on the proposal would also result in the
waste of a potentially valuable energy resource. The opportunity to
develop waste heat utilization techniques would be lost or delayed to the
detriment of the region and the nation.

In light of this, it is not reasonable to ignore or delay develop-
ment of a potentially significant energy source. Consequently, the
no-action alternative must be rejected.
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2.2 WASTE HEAT PARKS AT OTHER TVA POWER PLANTS

Waste heat parks similar to the one proposed in this statement could
be located at other TVA power plants. Site development potential would
depend on such factors as mode of cooling system operation, availability
of suitable land, accessibility of tie-in piping, operating temperatures,
availability of flow, size and number of generating units, compatibility,
with health- and safety-related systems and with other uses of the site,
economic potential for the area, and plant operation (start-up) schedules.
The application of these types of criteria to plants within the TVA system
and the descriptions of existing environments of suitable sites are
presented in Chapter 3.

In general, the acceptability and economic feasibility of waste heat
uses will vary from site to site. The three areas of waste heat appli-
cation that appear to be feasible for any site that might be chosen are
agriculture, aquaculture, and industrial uses. Descriptions of these
applications and a generic assessment of their impacts are provided in
Chapter 4.

From initial evaluations, all the sites appear to be generally accept-
able and comparable from an environmental standpoint; therefore, locating
a waste heat park at an alternate site would not appear to reduce or offset
to a significant degree any of the environmental impacts addressed in
Chapter 4 and Appendix B. Waste heat park development must be coordinated
with plant operation schedules, health and safety systems, and alternative
land uses at other plants to avoid impacts. The selection of a site with
less than optimum potential for the demonstration of waste heat use would
not result in the fullest utilization of waste heat technology. The Watts
Bar site was chosen as the only practical site for the initial demonstration
of a waste heat park, according to the criteria listed in Section 2.4.
Environmental impacts, including the minimal floodplain and wetland effects,
would be similar at alternative sites (see Table 4.3-1).

Based on all factors, TVA co~ncludes that a site other than Watts
Bar could delay or limit the application of waste heat concepts., and no
significant countervailing benefit has been identified with such a delay.
Consequently, location at other TVA plant sites is not deemed to be the
perferred alternative.

No non-Federally owned sources of conventional steam-electric power
plant waste heat are available in the Tennessee Valley to support such a
waste heat park.
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2.3 ALTERNATIVE MANAGEMENT SCHEMES

One alternative is to have the interfacing system between the plant
and the waste heat park installed by TVA, but total responsibility for
the demonstration of waste heat technology and for park development assumed
by a private profit-making organization. Such development could result
in fewer opportunities for local participation than would be possible if
TVA took an active role in park planning and development. Furthermore,
it is doubtful that sufficient private capital could be amassed for this
"proof-of-concept" project, and the possibility of attracting capital
from alternate sources such as State, regional, or Federal agencies would
be reduced. Moreover, the stringent contractual arrangements required
to assure that the waste heat park would not have an adverse impact on
the generating plant while assuring that the waste heat park concept was
successfully demonstrated might also, as a practical matter, eliminate
any interest by private concerns. Because of these potentially negative
features, conditions would be less than optimum for the successful large-
scale demonstration of waste heat utilization by a private profit-making
organization, and this alternative was rejected.

The overriding general requirement will be to reserve to TVA suf-
ficient legal authority to assure that the waste heat park does not have
an adverse impact upon the nuclear plant and to assure a successful
demonstration of the waste heat park concept. These dual requirements
can be accomplished by providing TVA with (1) final review authority over
such important decisions as selecting occupants for the park, (2) the
right of prior review and approval of the intermediary's contracts, and
(3) placing appropriate conditions in any instruments used to convey
landrights.

Two cost-based methods can be applied to establish the price of waste
heat: the value-of-service concept, considering the cost of competitive
or alternative energy sources, and the cost-of-service concept, in which
the price is determined by the actual cost of supplying the waste heat
to the user. Because the lack of a current market for waste heat would
require the establishment of an arbitrary value for the waste heat, the
application of the value-of-service approach may not be as desirable as
the cost-of-service concept for the method to set the waste heat rates.
Pricing units would most likely be measured in gallons of water. Pricing
the energy on the basis of water flow would provide an incentive for
extraction of energy as well as simplifying measurement of product usage.
Other considerations in determining the pricing policy would be capital
investment, operation and maintenance costs, and electricity charges for
the distribution system incurred by TVA. These charges would be trans-
ferred to the intermediary group who would, in turn, pass them on to
individual users, along with charges for site development.
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2.4 GRANTING AN EASEMENT FOR A WASTE HEAT PARK AT WATTS BAR

This alternative was chosen as the most practical and reasonable one
available to demonstrate and evaluate waste heat as an energy resource
in a timely fashion based on the following criteria:

A. Time schedule for Watts Bar startup coincides with a near-term
time schedule for commercial waste heat use.

B. The plant has easily accessible tie-in piping and has
substantial available flow.

C. The plant has full-time closed-loop cooling tower operation.

D. The temperatures available are less subject to variation and
are among the highest in the TVA system.

E. There are no identifiable conflicts with nuclear safety-related
systems.

F. Land suitable for waste heat uses is located nearby and is
owned by TVA.

G. There is recognized economic potential in the local communities.

H. Commercial parties have already expressed an interest in the
waste heat at this site.

I. The adverse environmental impacts associated with this proposal
can be minimized.

J. County government structure is compatible with the creation of
a park development corporation.

K. Granting the easement would allow TVA to retain appropriate
authority to ensure the successful demonstration of commercial
waste heat concepts with proper regard given to safety, health,
and environmental matters.

The basis for proposing the preferred alternative is summarized in
Table 2.4-1. The waste heat uses described in Section 4.2 (agriculture,
aquaculture, and industry) are feasible at this location. A summary
evaluation of the impacts of this preferred alternative is presented in
Section 4.3.4. A detailed evaluation of this proposal is presented in
Appendices A and B.
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TABLE 2.4-1

The basis for proposing the preferred alternative, which is a combination of several options, is summarized below

Alternative Advantages Disadvantages

(1) No action Maintenance of existing
resources and options for
future site uses.

Loss or delay of utilization of waste heat.
conventional industrialpark would increase
consumption of existing fuels.

A

(2)' Alternate Sites
(A) Existing fossil-fired

plants (except Paradise)

Wrong mode of cooling system operation; lower
temperatures and flows; extended shutdown
required to install waste heat systems.

No full-time, closed-cycle cooling system
operation; shutdown required.

(B) Browns Ferry

(C) Sequoyah Same as Browns Ferry.

(D) Paradise

(E) Bellefonte

(F) Hartsville

Capable of supporting a waste
heat park.

Capable of supporting a waste
heat park.

Only one unit with closed-cycle operation;
shutdown required; lack of suitable land; site
use conflicts.

Commercial operation is three years later than
Watts Bar. Park development could limit plant
expansion. Cumulative entrainment could be a
problem to fisheries. Additional evaluation
would be required to determine extent of cultura
resources.

Less accessible tie-in piping, later commercial
operation, lower temperatures. Park development
could limit plant expansion. Open-system use of
CCW could concentrate chemicals present in Cumbe
land River. Additional evaluation would be
required to determine extent of cultural resourco
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limit plant expansion. Lack of sufficient water
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chemical discharges. Additional involvement of
SHPO and ACHP would be required to evaluate
impacts to sites nominated to National. Register.

Park development could limit plant expansion.
Pumping wells for waste heat park supply could
decrease flows of springs feeding Yellow Creek
impoundment. Low dissolved oxygen levels may
necessitate additional treatment of discharges.
Mitigative measures for any impacts to springs
would be needed. Additional involvement of SHPO
and ACHP would be required.

Lower temperatures, commercial operation is six
years later than Watts Bar. Park development
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a not-for-profit industrial
development corporation. This
would enhance local participation
and could improve the possibility
of attracting capital from
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(B) Private sponsorship Could result in fewer opportunities for local
participation. Assurance that the waste heat
park would not adversely impact the nuclear
plant and assuring waste heat concepts were
successfully demonstrated may eliminate
interest by private concerns.
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rent market for waste heat would require the
establishment of an arbitrary value for waste
heat.

Alternative 

(C) Easement 

(D) Other conveyance method 

(E) General management 
requirements 

(F) Cost-ot-service 
pricing 

(G) Value-of-service 
pricing 

Advantages 

Would restrict the use of the 
land to a waste heat park devel
opment, retain TVA restrictions 
regarding floodplain development 
and the right to flood, ensure 
the protection of the health 
and safety of the public, the 
environment, and other interests 
of the United States. 

Provides TVA with final review 
authority over such important 
decisions as selecting occupants 
for the park, the right of prior 
review and approval of the inter
mediary's contracts, and placing 
appropriate conditions in any 
instruments used to convey 
landrights. 

Price would be determined by 
the actual cost of supplying 
waste heat to the user. Pricing 
the energy on the basis of water 
flow would provide an incentive 
for extraction of energy as well 
as simplifying measurement of 
product usage. 

Disadvantages 

A fee simple interest or a lease would be 
too inflexible. 

Would have to consider the cost of competive 
or alternative energy sources. Lack of a cur
rent market for waste heat would require the 
establishment of an arbitrary value for waste 
heat. 



3. AFFECTED ENVIRONMENT - ALTERNATE SITES

This chapter summarizes the physical, biological, and cultural features
of alternative sites considered.

3.1 SITE EVALUATION CRITERIA

Criteria for selecting a site for the near-term, large-scale demon-
stration of waste heat technology include:

1. mode of cooling system operation, with full-time, closed-cycle
operation preferable so that the water used as the waste heat
source is subjected as little as possible to the ambient thermal
conditions of a surface water body;

2. suitable land, with no preclusive environmental conditions,
available adjacent to the waste heat producer;

3. accessible tie-in piping to minimize any conflicts with health
and safety systems or plant operations caused by the installa-
tion of piping to the waste heat park;

4. increased temperature rises in the main condenser, with higher
condenser circulating water temperatures resulting in more heat
available for use in a waste heat park;

5. availability of flow;

6. multiple unit operation to provide an adequate supply of waste
heat and to decrease the potential for a loss of supply due to
a plant outage;

7. minimal conflicts with health- and safety-related systems and
with current or projected uses of the site such as plant
expansion;

8. sufficient economic potential in the area to support a'
multiple-use complex as visualized for a waste heat park; and

9. start-up schedule which would not delay the demonstration of a
waste heat park or which would not result in unwarranted shut-
down of an operating plant if the demonstration of an unproven
technology was unsuccessful.

Generating plants which did not meet the initial criteria were Browns
Ferry and Sequoyah Nuclear Plants and all existing fossil-fired plants,
with the exception of Paradise Unit 3. The Paradise plant was excluded
from further study because it had only one unit with closed-cycle cooling,
it was already in operation and would require shutdown to install the
waste heat distribution system, suitable nearby land was lacking, and
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the potential existed for limiting other uses of the site, such as plant
facility expansion. However, although these sites did not exhibit charac-
teristics necessary for the optimum demonstration of a waste heat park,
they have not been precluded from future development of suitable waste
heat applications.

The following sites conformed to sufficient criteria to be con-
sidered suitable candidates for the location of a waste heat park:

1. Bellefonte
2. Hartsville
3. Phipps Bend
4. Watts Bar
5. Yellow Creek.

The evaluation of criteria for waste heat park development, as applied to
these locations, are presented in Table 3.1-1. Descriptions of the exist-
ing environments of these sites are summarized in Section 3.2 and are
presented in detail in individual environmental statements. 1 "5 Impacts
associated with the development of a waste heat park at alternative loca-
tions are presented in Chapter 4. These projected impacts are based on
the assumption that a waste heat park would be developed inside existing
reservation boundaries. Impacts anticipated at the Watts Bar site are
presented in Appendix B.

3.1 REFERENCES

1. Tennessee Valley Authority. Final Environmental Statement -
Bellefonte Nuclear Plant Units I and 2. May 24, 1974.

2. Tennessee Valley Authority. Final Environmental Statement - Hartsville
Nuclear Plants. May 23, 1975.

3. Tennessee Valley Authority. Final Environmental Statement - Phipps
Bend Nuclear Plant Units 1 and 2. September 17, 1976.

4. Tennessee Valley Authority. Final Environmental Statement - Watts Bar
Nuclear Plant Units 1 and 2. November 9, 1972.

5. Tennessee Valley Authority. Final Environmental Statement - Yellow
Creek Nuclear Plant Units 1 and 2. January 30, 1978.
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Type of Cooli
System

Suitable Lan<
Reservation I

Accessibility
Piping

Condenser Tem
Increases

Number of Uni

.ompatabilit 3
3ite Uses

krea Economic
?otential

?rojected Con
)peration

.arliest poss

TABLE 3.1-1

APPLICATION OF WASTE HEAT PARK DEVELOPMENT CRITERIA

Phipps Watts
Bellefonte Hartsville Bend Bar

ing Closed Closed Closed Closed
cycle cycle cycle cycle

I Within Question-
Boundary Available Available able Available

r of Easily Less Easily
Accessible Accessible Accessible Accessible

aperature

35.20F 32 0 F 320 F 38°F

Lts 2 4 2 2

rwith
Favorable Favorable Favorable Favorable

Favorable Favorable Favorable Favorable

imercial 6/84 7/847,4/88 2/88 3/82
3/85 4/95,4/96 4/94 9/82

Yellow
Creek

Closed
cycle

Available

Accessible

34.-5F

2

Favorable

Favorable

7/86
4/93

•ible dates as stated in NRC Status Report 1/81.
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TABLE 3.1-1 

APPLICATION OF WASTE HEAT pARK DEVELOPMENT CRITERIA 

Phipps Watts Yellow 
Bellefonte Hartsville Bend Bar Creek 

Type of Cooling Closed Closed Closed Closed Closed 
System cycle cycle cycle cycle cycle 

Suitable Land Within Question-
Reservation Boundary Available Available able Available Available 

Accessibility of Easily Less Easily 
Piping Accessible Accessible Accessible Accessible Accessible 

Condenser Temperature 
Increases 35.2°F 32°F 32°F 38°F 34.5°F 

N"umber of Units 2 4 2 2 2 

:ompatability with 
Hte Uses Favorable Favorable Favorable Favorable Favorable 

\rea Economic 
?otential Favorable Favorable Favorable Favorable Favorable 

)rojected Commercial 6/84 7/87,4/88 2/88 3/82 7/86 
)peration 3/85 4/95,4/96 4/94 9/82 4/93 

:arliest possible dates as stated in NRC Status Report 1/81. 
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3.2 SITE CHARACTERISTICS

Locations of the sites found most feasible as candidates for a large-
scale waste heat park demonstration (Bellefonte, Hartsville, Phipps Bend,*
Watts Bar, and Yellow Creek*) are shown in Figure 3.2-1.

From initial evaluations, all the sites appear to be capable of sup-
porting a waste heat park and to be generally acceptable from an environ-
mental standpoint. Major engineering and environmental characteristics
at each of the alternative sites, which determine the site's ability to
support a waste heat park, are summarized in Table 3.2-1. As indicated
in the table and as further evaluated in Chapter 4, there would not appear
to be any environmental issues which would preclude park development.

*Deferred nuclear units at Phipps Bend and Yellow Creek may impact the
desirability of those sites for waste heat part development in the near
future.
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TABLE 3.2-1. SUMMARY OF SITE CHARACTERISTICS

Location

Bellefonte

AlabamaState

County

Land Area, ha (acres)

Land Use

Jackson

658 (1625)

Agriculture

Recreation

ON.

Other

Engineering Considerations

Geology

Soils

No active agricul-
tural production
because use of the
site is committed
to the generating
plant

.A recreation area
is proposed for

.Shipp Chapel

Peninsula

The site is being
evaluated for
plant expansion

For structures
requiring rock
foundations, a
normal amount of
excavation may be
necessary.- No
mineral resources
of commercial
value have been
identified at the
site.

Soils are suitable
for engineering and
agronomic uses.

Hartsville

Tennessee

Smith, Trousdale

788 (1947)

See Bellefonte

No important recrea-
tional facilities
exist in. vicinity
of the site

See Bellefonte

Phipps Bend

Tennessee

Hawkins

514 (1270)

See Bellefonte

See Hartsville

See Bellefonte

See Bellefonte

Watts Bar Resort
is located to the
north of the. site

See Bellefonte

See Bellefonte

See Hartsville

Rhea

826 (2040)

Watts Bar

Tennessee

Yellow Creek

Mississippi

Tishomingo

457 (1130)

Foundation treatment
may be required for
any structures with
rock foundations.
There are no con-
flicts with mineral
resources.

See Bellefonte

Geologic conditions
are suitable. No
mineral resources
have been
identified.

See Bellefonte

See Bellefonte

See Bellefonte

For structures
requiring rock
foundations, a
greater than nor-
mal amount of
excavation may be
necessary. No
mineral resources
of commercial value
have been identified
at the site.

Fewer uses available
than at other sites,
but still suitable
for park development.

Location 

State 

County 

Land Area, ha (acres) 

Land Use 

Agci cuI ture 

Recreation 

Other 

Engineering Considerations 

Geology 

Soils 

Bellefonte 

Alabama 

Jackson 

658 (1625) 

No active agricul
tural production 
because use of the 
site is committed 
to the generating 
plant 

A recreation area 
is proposed for 
ShippChapeI 
Peninsula 

The site is being 
evaluated for 
plant expansion 

For structures 
requiring rock 
foundations, a 
normal amount of 
excavation may be 
necessary. ~ No 
mineral resources 
of cODlDercial 
value have been 
identified at the 
site. 

Soils are suitable 
for engineering and 
agronomic uses. 
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Hartsville Phipps Bend 

Tennessee Tennessee 

Smith, Trousdale Hawkins 

788 (1947) 514 (1270) 

See Bellefonte See Bellefonte 

No importantrecrea- See Hartsville 
tiona 1 facilities 
exist in· vicinity 
of the site 

See Bellefonte 

Foundation treatment 
may be required for 
any structures with 
rock foundations. 
There are no con
flicts with mineral 
resources. 

See Bellefonte 

See Bellefonte 

Geologic conditions 
are suitable. No 
mineral resources 
have been 
identified. 

See Bellefonte 

Watts Bar 

Tennessee 

Rhea 

826 (2040) 

See Bellefonte 

Watts Bar Resort 
is located to the 
north of the site 

See Bellefonte 

See Bellefonte 

See Bellefonte 

Yellow Creek 

Mississippi 

Tishomingo 

457 (1130) 

See Bellefonte 

See Hartsville 

For structures 
requiring rock 
foundations, a 
greater than nor
mal amount of 
excavation may be 
necessary. No 
mineral resources 
of commercial value 
have been identified 
at the site. 

Fewer uses available 
than at other sites, 
but still suitable 
for park development. 



TABLE 3.2-I. SUMMARY OF SITE CHARACTERISTICS (Continued)

Hydrology

Water Availability

Bellefonte

A ground water
source of up to
1000 gpm can proba-
bly be developed
within 2 miles of
the site; surface
water source is
adequate

Hartsville

Insufficient ground
water supplies would
necessitate use of
surface water source

Phipps Bend

Adequate surface
water supplies
can be developed,
but ground water
sources may be
insufficient

Watts Bar Yellow Creek

See Bellefonte See Bellefonte

Floodplain Elevations
1% chance flood
0.2% chance flood
Structure profile

601
602
606

468.5
474

1120, 1113.5
1123, 1117

697
701
708

420 (preliminary)
422 (preliminary)
423

See BellefonteWater Quality

I-.
-J

Ecology

Terrestrial

Existing conditions
should not limit
uses of the site but
may restrict park
discharges or open-
system use of CCW

Several terrestrial
vertebrate "species
of special concern"
have been reported
in site vicinity

Town Creek embayment
adjacent to site,
provides habitat
for wetland wildlife

Town Creek is a good
spawning and nursery
area for fish

Nosensitive species
identified .

Concentration of
chemicals in Cumber-
land River
may present some
use and discharge
limitations

Aquatic (Waterfowl)

(Fisheries)

(Nonfisheries)

Chemical concentra-
tions in Holston
River and Cherokee
Reservoir may pre-
sent some use and
discharge
limitations

Two State-listed
threatened species
'have been reported
from the site

Several species in
site vicinity are
listed as sensitive
by State of
Tennessee

Dixon Creek provides
habitat for wetland
wildlife resources

A limited mixing
zone is available
in the river

Endangered species
of mussel is present
in site vicinity

Dissolved oxygen
levels may present
some use and strin-
gent discharge
limitations for
sources of oxygen-
demanding pollutants

Sensitive species
have been identi-
fied in the imme-
diate vicinity,
i.e., bald eagle,
osprey, and
sandhill crane

Yellow Creek Wild-
life Management
Area is adjacent
to this site

Migratory spawning
species are pre-
sent; limited dis-
solved oxygen
resources

Two endangered mus-
sel species are
present in site
vicinity

The site provides
habitat for wood
duck production;

A very limited
mixing zone and
severe raw water
intake constraints
exist

A minimal mixing
zone exists; no
sensitive species
have been
identified

No sensitive
species have been
identified on the
site or in the
immediate vicinity

Yellow Creek embay-
ment supports exten-
sive waterfowl use

Yellow Creek is a
productive fisheries
spawning and nursing
area

See Bellefonte
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levels may present 
some use and strin-
gent discharge 
limitations for 
sources of oxygen-
demanding pollutants 

Sensitive species 
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fied in the imme
diate vicinity, 
i.e., bald eagle, 
osprey, and 
sandhill crane 

Yellow Creek Wild
life Management 
Area is adjacent 
to this site 

Migratory spawning 
species are pre
sent; limited dis
solved oxygen 
resources 

Two endangered mus
sel species are 
present in .site 
vicinity 

No sensitive 
species have been 
identified on the 
site or in the 
immediate vicinity 
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TABLE 3.2-1. SUMIIARY OF SITE CHARACTERISTICS (Continued)

Bellefonte Hartsville Phipps Bend Watts Bar Yellow Creek

Wetlands

Air Quality

Radiological Considerations

Two wetlands areas,
one unique to the
region, are found
within reservation
boundaries

PSD Class I, with
possible limited
increment availabil-
ity; proximity to
high terrain and
nonattainment area
could be a problem
for large sources

Assuming similar
conditions, doses
from Bellefonte's
PWR units should be:
less than those
from, BWR (see dis-
cussion in Section
4.3.2)

Historic preserva-
tion and clearance
conflicts appear to
be minimal

A sufficient socio-
economic base exists
to support park con-
struction and
operation

Highway, rail, and
barge access are
available

One wetlands area,
a mud flat, exists
on site

Near nonattaiument
area for 03, with
possible limited
increment availabilit3
anticipated

One emergent wet-
lands area, created
by construction
activities, is
located at this stie

See Bellefonte

Three scrub/shrub
wetlands areas have
been identified

PSD Class I1, coal-
fired steam plant
modeling may indi-
cate no increment
availability;
proximity to high
terrain is potential
problem

See Bellefonte

One site within
reservation boun-
daries appears to
be eligible for
National Register
nomination

None within site
boundaries

PSD Class II, with
full increment
availability
anticipated

co3

BWR units at this
site would result in
slightly higher popu-
lation doses than
similar PWR units
(see Section 4.3.2)

Ongoing historic
preservation and
clearance proceed-
ings may be compli-
cated by park
development

See Hartsville

Several sites eligi-
ble for the National
Register are within
reservation
boundaries

See Bellefonte

All significant cul-
tural resources have
been recovered and
removed from the site

Cultural Resources

Socioeconomics See Bellefonte See Bellefonte See Bellefonte See Bellefonte

Access Rail access may
not be available

There are no barge
facilities

See Bellefonte See Bellefonte

TABLE 3.2-1. SUMMARY OF SITE CHARACTERISTICS (Continued) 
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4. ENVIRONMENTAL CONSEQUENCES ALTERNATIVES

General descriptions of park development and operations are presented
in Sections 4.1 and 4,2. A summary evaluation of the effects of these
actions on the alternatives under consideration is presented in Section 4.3.

4.1 GENERAL WASTE HEAT PARK CHARACTERISTICS

It is anticipated that the following services would be provided for
park users regardless of which site is selected or who sponsors the
development of the park:

1. Paved roads

2. Railroad spur

3. Potable water supply, preferably from a ground water source

4. Wastewater treatment for sanitary and some amenable industrial
wastes, possibly using a biological recycling system

5. Electricity

6. Landscaping of open areas

7. Stormwater runoff management

8. Raw water supply, approximately 170,000 1/min (45,000 gpm)

The feasibility of providing central back-up and heat augmentation
systems, as an alternative to individual units for each park user, is
being evaluated. For assessment purposes, it is conservatively assumed
that central systems would be provided and operated by the park management
organization. Siting considerations for these systems would include acces-
sibility to waste heat piping and proximity to users most likely to need
augmentation or back-up capabilities. Two coal-fired facilities would be
used as back-up units for operation during a plant outage. The initial
unit would provide 95,000 1/min (25,000 gpm) of heated water and would
consume about 7.2 t (8 tons) of coal per hour of operation. A 30-day coal
stockpile, covering 1.6 ha (4 acres), would be maintained. The second
back-up system would have a 284,000 1/min (75,000 gpm) capacity, with a
coal consumption rate of approximately 20 t (22 tons) per hour. The 30-
day stockpile. would occupy about 5 ha (12 acres). Ash handling, utilizing
mechanical collection, temporary onsite storage, and shipment to an offsite
disposal area, would probably be used.

The augmentation system would increase the waste heat temperature
from its average of 44 0 C (1120F) to a range of 60 0 -93 0 C (140*-200 0 F) for
use in industrial processes. The 90,000,000 Btu unit would consume
about 3.6 t (4 tons) of coal/hour. It is expected that a 30-day coal
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4. ENVIRONMENTAL CONSEQUENCES ALTERNATIVES 

General descriptions of park development and operations are presented 
in Sections 4.1 and 4.2. A summary evaluation of the effects of these 
actions on the alternatives under consideration is presented in Section 4.3. 

4.1 GENERAL WASTE HEAT PARK CHARACTERISTICS 

It is anticipated that the following services would be provided for 
park users regardless of which site is selected or who sponsors the 
development of the park: 

1. Paved roads 

2. Railroad spur 

3. Potable water supply, preferably from a ground water source 

4. Wastewater treatment for sanitary and some amenable industrial 
wastes, possibly using a biological recycling system 

5. Electricity 

6. Landscaping of open areas 

7. Stormwater runoff management 

8. Raw water supply, approximately 170,000 l/min (45,000 gpm) 

The feasibility of providing central back-up and heat augmentation 
systems, as an alternative to individual units for each park user, is 
being evaluated. For assessment purposes, it is conservatively assumed 
that central systems would be provided and operated by the park management 
organization. Siting considerations for these systems would include acces
sibility to waste heat piping and proximity to users most likely to need 
augmentation or back-up capabilities. Two coal-fired facilities would be 
used as back-up units for operation during a plant outage. The initial 
unit would provide 95,000 l/min (25,000 gpm) of heated water and would 
consume about 7.2 t (8 tons) of coal per hour of operation. A 30-day coal 
stockpile, covering 1.6 ha (4 acres), would be maintained. The second 
back-up system would have a 284,000 l/min (75,000 gpm) capacity, with a 
coal consumption rate of approximately 20 t (22 tons) per hour. The 30-
day stockpile would occupy about 5 ha (12 acres). Ash handling, utilizing 
mechanical collection, temporary onsite storage, and shipment to an offsite 
disposal area, would probably be used. 

The augmentation system would increase the waste heat temperature 
from its average of 44°C (112°F) to a range of 60°-93°C (140°-200°F) for 
use in industrial processes. The 90,000,000 Btu unit would consume 
abput 3.6 t (4 tons) of coal/hour. It is expected that a 30-day coal 
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stockpile, occupying about 0.8 ha (2 acres), would be maintained; and ash
handling, similar to that for the backup system, would be used. Alterna-
tives to onsite central systems include using nearby steam plant coal
pile and ash storage, other fuels such as gas or fuel oil, alternate sizes,
and alternate locations.

TVA probably would sell the waste heat through public-oriented inter-
mediaries (park management) rather than assume full responsibility at the
waste heat source for park operation. The intermediary would be structured
as a general not-for-profit corporation and/or an Industrial Development
Corporation (IDC). This would allow citizens of the county to participate
as members of the board of directors. IDC directors would be elected by
the county government and would be qualified electors of and taxpayers in
that county. Use of a public-oriented group should enhance local partici-
pation in the project and could improve the possibility of attracting
capital from alternate sources.

The intermediary would be responsible for park development and opera-
tion, including obtaining necessary permits for park facilities such as
a central wastewater treatment plant and augmentation and back-up systems,
if utilized. Individual industries would obtain their own discharge permit
and be responsible for their own fire protection and security, unless othel
arrangements can be made with the county.
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4.2 WASTE HEAT APPLICATIONS

The waste heat park currently envisioned would probably include a
"tmix" of industries. This section describes some typical industries which

could be anticipated to locate at a waste heat park. It is not the intent
of this document to describe all potential industries suitable for location
at a waste heat park or to predetermine the mix of industries that may
wish to locate there. As industries express desire to locate at the park,
they will be evaluated by TVA under NEPA and TVA's implementing procedures,
and if necessary, conditions will be placed on easement agreements to
protect the health and safety of the public, the environment, and other
interests of the United States. The descriptions in this section present
evaluations that assume compliance by the occupants with common industrial
practices and existing laws and regulations. Industries proposing to
locate at the park will be responsible for meeting at a minimum all appli-
cable environmental regulations and standards. Interest to date in the
waste heat park has been expressed by greenhouses, tanning, and ethanol
industries.

4.2.1 Agricultural Applications

4.2.1.1 Greenhouses and Soil Warming

The following estimates have been prepared for a typical greenhouse
or soil warming area.

Physical Facilities--Approximately 20-40 ha (50-100 acres) of green-
houses could be eventually built, with 2-8 ha (5-20 acres) being construc-
ted within 5 years after a park opens. The two types of greenhouses would
be those using a soil or pot culture and those using a hydroponic produc-
tion system. Greenhouse structures would be aluminum- or steel-framed
and would be glazed with polyethlene, fiberglass or glass. Approximately
1160 m2 of service building area would be needed per hectare (5000 ft 2 /acre)
of greenhouse. Service buildings would be primarily prefabricated open-span
steel buildings with concrete floors. Approximately the same amount of
total land area would be needed for access roads, service buildings, and
outside storage areas as that required for greenhouses..

Approximately 20 percent of the total greenhouse acreage is expected
to use some form of hydroponic production system and would require a lagoon
to hold excess nutrient solution. A lagoon with 344 m2 surface area would
be sufficient to accommodate discharges from 1 ha of greenhouses (1500 ft 2

of lagoon/acre of greenhouse). No storage area for hazardous materials
would be needed. Approved pesticides would be stored in a locked storage
room in the greenhouse service buildings in compliance with applicable
regulations.

Approximately 10 ha (25 acres) of land may be used for a proof-of-
concept demonstration of open field soil warming with waste heat. A 465
m2 (5000 ft 2 ) metal storage building would be sufficient to store equip-
ment and supplies for this demonstration project. The soil warming grid
would consist of 2.54 cm (I in.) PVC pipe buried approximately 46 cm (18
in.) deep and spaced on 46 cm (18 in.) centers over the 10 ha (25 acre)
field.
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4.2 WASTE HEAT APPLICATIONS 

The waste heat park currently envisioned would probably include a 
"mix" of industries. This section describes some typical industries which 
could be anticipated to locate at a waste heat park. It is not the intent 
of this document to describe all potential industries suitable for location 
at a waste heat park or to predetermine the mix of industries that may 
wish to locate there. As industries express desire to locate at the park, 
they wili be evaluated by TVA under NEPA and TVA's implementing procedures, 
and if necessary, conditions will be placed on easement agreements to 
protect the health and safety of the public, the environment, and other 
interests of the United States. The descriptions in this section present 
evalu~tions that assume compliance by the occupants with common industrial 
practices and existing laws and regulations. Industries proposing to 
locate at the park will be responsible for meeting at a minimum all appli
cable environmental regulations and standards. Interest to date in the 
waste heat park has been expressed by greenhouses, tanning, and ethanol 
industries. 

4.2.1 Agricultural Applications 

4.2.1.1 Greenhouses and Soil Warming 

The following estimates have been prepared for a typical greenhouse 
or soil warming area. 

Physical Facilities--Approximately 20-40 ha (50-100 acres) of green
houses could be eventually built, with 2-8 ha (5-20 acres) being construc
ted within 5 years after a park opens. The two types of greenhouses would 
be those using a soil or pot culture and those using a hydroponic produc
tion system. Greenhouse structures would be aluminum- or steel-framed 
and would be glazed with polyethlene, fiberglass or glass. Approximately 
1160 m2 of service building area would be needed per hectare (5000 ft 2/acre) 
of greenhouse. Service buildings would be primarily prefabricated open-span 
steel buildings with concrete floors. Approximately the same amount of 
total land area would be needed for access roads, service buildings, and 
outside storage areas as that required for greenhouses. 

Approximately 20 percent of the total greenhouse acreage is expected 
to use some form of hydroponic production system and would require a lagoon 
to hold excess nutrient solution. A lagoon with 344 m2 surface area would 
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of lagoon/acre of greenhouse). No storage area for hazardous materials 
would be needed. Approved pesticides would be stored in a locked storage 
room in the greenhouse service buildings in compliance with applicable 
regulations. 
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Work Force--The manpower requirements for construction would vary
considerably, depending upon the type of greenhouse used (glass, fiber-
glass, or doub]e polyethylene) and the crops to be produced. Five to
eight men could erect 0.4 ha (I acre) of greenhouses in six months.
Operating labor would vary considerably by crop. Six to ten full-time
employees plus three to five additional peak season workers should be
sufficient for 0.4 ha (1 acre) of most crops.

Operating Procedures--Only pesticides approved by the Environmental
Protection Agency (EPA) would be used. Common insecticides and fungicides
approved for greenhouse use are listed in Table 4.2-1. Fungicides and
insecticides would normally be applied at 7- to 14-day intervals. The
specific fungicide and/or insecticide used at each application would be
dependent upon the crop, pest and label instruction. If individual back-
up heating systems are used, the fuel storage capacity required would be
about 7570 1 (2000 gal) of LP gas or fuel oil per 0.4 ha (1 acre). Soil
warming areas would require two to four cultivations each year. There
should be no odor problems associated with greenhouses or soil warming.
Fertilizer applications at the rate of about 168 kg nitrogen, 112 kg
phosphorus, 112 kg potassium per ha (150 lb N, 100 lb P, 100 lb K per
acre) would be made to the soil warming area annually. There would be no
excessive noise or extensive use of ground water associated with these
uses.

Approximately 10 ha (25 acres) of greenhouses are expected to use
direct contact (evaporative pad) heat exchangers. The remainder will use
dry-type heat exchangers. Approximately 4670 I/min (500 gpm/acre) of con-
denser circulating water (CCW) would be used per hectare of greenhouse.
The only effect these exchangers are expected to have on the CCW, other
than a cooling effect, is a slight increase in the concentration of total
dissolved solids, similar to that expected if the water had passed through
the cooling towers.

Discharges--Total application of irrigation water in hydroponic
greenhouses would be approximately 28,050 1/ha (3000 gal/acre) per day.
Irrigation drainage is expected to be less than 3806 1/ha (300 gal/acre)
per day occurring over a 12- to 14-hour period. The approximate nutrient
concentration in both irrigation water and drainage is shown below.

Nutrient Applied (mg/l) Drainage (mg/l)

Total N 145 120
NOS-N 120 45
P 60 45
K 260 160
Ca 130 110
Mg 64 60
Mn 0.2 0.2

Pesticides could also be present in the drainage but should not cause
a significant impact when applied at recommended rates. Irrigation drain-
age could be routed to a lagoon capable of a minimum 30-day retention.
Typical lagoon design would call for an average depth of 1 m and a surface
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area of 344 m2 per ha of greenhouse (3 ft depth with 1500 ft 2 of surface
area per acre of greenhouse). Approximately 168 kg N, 112 kg P, 112 kg
K per ha (150 lb N, 100 lb P, 100 lb K per acre) will be applied annually
to the 10 ha (25 acre) soil heating area, which is subject to storm runoff.

Materials Flow--During the construction of the greenhouses, up to
124 truck trips delivering materials could be required per ha (50 trips/
acre) of greenhouse over a 6-month construction period. During operation,
an average of approximately 2 truck loads (1 load/acre) of material in
and 2-7 truck loads (1-3 loads/acre) of products out per week would occur
for each hectare of greenhouses. There would be no transportation of
hazardous material and only a minimal movement of pesticides.

Solid Waste--Crop residues would compose most of the solid wastes
from vegetable greenhouses. Approximately 11 t of dry matter per ha
(5 tons/acre) would need to be disposed of twice annually. Waste from
vegetable and ornamental greenhouses would include plant clippings, cull
fruit, plastic plant containers, packing crates, paper and plastic bags,
cardboard boxes, etc. Quantity would not exceed 560 kg/week/ha (500 lb/
week/acre) of greenhouses. Twelve empty pesticide drums (one 5-gal drum/
acre) and two empty pesticide bags per week per hectare (1 bag/acre) of
greenhouse would need disposal. A new polyethylene covering will probably
be installed at least every other year on each greenhouse. These materials
would be disposed of in an approved landfill.

Crop residues from soil warming areas would be disposed of by plow-
ing into soil on the soil warming plots where they were grown. Other
solid waste such as fertilizer bags and pesticide containers would be
disposed of in an approved sanitary landfill. Approximately 49 ferti•-
lizer bags/ha (20/acre) would need disposal after planting in early
spring each year. No more than twelve pesticide drums per ha (one 5-gal
drum/acre) of crop would need disposal each week between April I and
October 1 each year.

Revenue Flows--Construction material costs would be $185,000-
$618,000/ha ($75,000-$250,000/acre), dependent upon the type of structure.
Construction labor costs would be $123,000-$371,000/ha ($50,000-$150,000/
acre). Production costs for vegetables would range from $99,000-$198,000/
ha ($40,000-$80,000/acre), and production costs for ornamentals would be
$74,000-$371,000/ha ($30,000-$150,000/acre). Revenues from vegetables
would be $173,000-$297,000/ha ($70,000-$120,000/acre), and from ornamen-
tals about $247,000-$865,000/ha ($100,000-$350,000/acre). These figures,
as are all cost projections in this section, are in 1979 dollars.

4.2.1.2 Livestock Production and Animal Waste Reclamation

The following discussion is based on a multiple unit concept for
the proposed industry. The major components are: (1) finishing facility,
(2) farrowing facility, (3) fish production (Tilapia) and marketing,
(4) plant production (water chestnuts) and marketing, (5) fingerling pro-
duction and marketing, and (6) anaerobic digester. Components shown in
Table 4.2-2 can be combined in a number of ways; however, only certain
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combinations appear to be justified from an operational, biological, and
possibly economic standpoint. The minimum combination would be a finishin
facility with an aquaculture waste treatment system (1 + 3) or with the
addition of a farrowing facility (1 + 2 + 3). However, for assessment
purposes, all of the six possible components will be considered for their
inclusion into a waste heat facility. Convective heat exchangers would
be used in the livestock facilities and anaerobic digester. Plant and
fish production would be direct-contact users of the CCW.

Swine Growing-Finishing

For a 1000-hog finishing operation and associated components, approxi
mately 28 ha (70 acres) would be required (Table 4.2-2). This would inclu
hog housing, feed storage, and waste disposal facilities for a controlled
operation. The temperature range most often recommended for growing-
finishing swine is from 71-181C (45*-65 0 F), depending upon the type struc-
ture and other factors. High animal densities in swine growing-finishing
phases can contribute heat sufficient to maintain acceptable temperatures
in enclosed buildings so that supplemental heat is not usually needed to
maintain barn air temperatures. When direct heating has been used, fuel
energy consumptions reported range from as low as 34,200 Btu's per pig
for a low-temperature, environmentally controlled structure to as much
as 1.5 x 106 Btu's per pig in a zone-heated, modified open-front
structure.

Broiler Production

There is also potential for using waste heat for supplementally heat-
ing broiler production facilities, supplying 4000 to 5000 Btu's/bird/year.
Heat is required for successful production the first few weeks of produc-
tion throughout the year, and for the entire production cycle during winte:
months. The facility cost, operational requirements, access areas, mate-
rials flow, odors, etc., would be similar to the estimates for the swine
finishing facility. The same size facility, 929 m2 (10,000 ft 2 ), could
be used to produce 5 crops of 12,500 birds per year. Dry-type heat
exchangers would probably be used. The waste generated in a broiler
facility is different than in swine production, and a floor litter is
normally used. This broiler litter waste offers potential for direct
sale as a livestock feed or a soil amendment. Broiler waste, unlike
caged-layer waste, offers little potential as a feedstock for anaerobic
fermentation.

The following unit sizes are based on the swine finishing facility
and all of the support components (farrowing, fish and plant production,
anaerobic digestion) to maintain a 1000-hog capacity finishing facility.
The farrowing facility is sized to produce 10,000 feeder pigs per year.
Excess feeder pigs not used in the finishing facility would be sold.

Swine Farrowing

Most crate dimensions for swine farrowing would be 1.5 m (5 ft) wide
by 2 m (7 ft) long. The width includes a 46 cm- (18 in.-) wide pig area
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on both sides of a 61 cm- (24 in.-) wide sow area. Supplemental heat- is
required for swine farrowing throughout most of the year. However, heating
requirements in summer months are minimal, and wintertime heat require-
ments are relatively low compared to greenhouses. If the power plant
shuts down during a period when heat is required, alternate means must
be provided for warming animals. During winter, when air is recirculated
within animal shelters, high dust levels may accumulate. Heating this
facility with waste heat would probably require the use of dry heat
exchangers. This would probably be in the form of pipes or ducts in the
floor for creep area heat and additional heating of ventilation air.

The heating capacity required for supplemental air heating is about
2000-3000 Btu's/hr/sow and litter. Normally a heat lamp (250 watts/litter)
or electric resistance floor heat (320-430 watts/m2 ) (30-40 watts/ft 2 )
is also used to furnish creep area heat. The total supplemental heat
capacity required is about 3000-4000 Btu's/hr per sow and litter.

Fish Production

Disposal of confined livestock wastes would be handled as a slurry
and diluted sufficiently to fertilize and support production of algae,
which is a source of high-quality protein for livestock and fish. Two
species of Asiatic carp and several species of the tropical Tilapia would
be used to filter the microscopic algae from the organically fertilized
water. By stocking these filter-feeding fish and other fish species of
different feeding habits, it would be possible to use the available nutri-
ents most efficiently. Ponds occupying about 14 ha (35 acre), would be
stocked at a rate of 584 kg of fish/ha (520 lb/acre). A water flow rate
of at least 107 1/min/ha (70 gal/min/acre) and 1 m (3 ft) deep would be
required for fish production.

Plant Production

Water from fish culture ponds would be applied to drainable sand
filtration beds in which Chinese waterchestnuts (Eleocharis dulcis) are
growing. These plants would provide additional nutrient uptake, thus
sufficiently improving the water quality to allow discharge to a receiving
stream, reuse in the livestock rearing facility, or return to the cooling
system. Waste heat would provide longer growing seasons and harvesting
periods, reduce storage problems, and permit off-season marketing.

Fingerling Production

Intensive production of tiiapia and silver carp fingerlings could
be conducted using CCW during the winter months when ambient water tempera-
tures would not sustain sufficient algae growth for fish production.
Fingerlings would provide nutrient uptake for the recycling system and
would also supply stock for the fish polyculture. Marketing channels
have not been developed for tilapia or carp, but the potential exists.
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Anaerobic Digester

Approximately 2400 m3 (85,000 ft 3 )/day of biogas would be produced
from livestock wastes in an anaerobic digester, which would be housed in
a 255 m3 (9000 ft 3 ) sealed tank. The retention time of 10-15 days and
the bacteriological processes in the digester also serve to pretreat the
manure before its introduction into the fish culture ponds as a food source
Waste heat would be used to maintain digester temperatures in the range
for optimum gas production. The biogas, which would require handling pro-
cedures as a combustible gas, could be used as fuel to operate equipment
in the livestock housing facility.

Physical Facilities--The building would probably be wood-framed,
with plastic or wooden vents on the upper portion of the underwalls.
The exterior covering and roof would be sheet metal and the building would
be located on a concrete floor with provisions for manure collection and
removal. There would probably be an associated feed storage bin and auto-
matic feeding equipment. Some area would be required for access for load-
ing and unloading, and roads should be capable of withstanding all weather
traffic.

Work Force--Construction would require about 20 workers for 3 months.
There would be 4 full-time and 1 at 1/4 time operational employees. Four
temporary workers would be needed for 2 periods of 2 weeks during spring
and fall.

Operating Procedures--Some odors would be anticipated from the live-
stock facility. These odors would not constitute a health hazard to per-
sons in the vicinity. Periodic odor may be detected due to temporary
operating condiLions (i.e. draining lagoons, washing down facility, etc.).
Properly implemented waste-handling methods (manure collection and removal
aerobic conditions of fish production) should minimize the potential for
detecting odors offsite.

The pesticides and fungicides used in any proposed livestock industry
would be approved substances that are standard in the industry, including
general categories of insecticides, rodenticides, bactericides, and anti-
biotics. Ground water or river water would be used to supply 37,850 1
(10,000 gal) per day for livestock drinking water in the farrowing barn
and other miscellaneous activities.

Discharges--The resultant discharges of the open-system-use CCW would
be cooled by the convection and evaporational losses from the water sur-
faces of associated waste treatment lagoons. As a result of using livestc
manures as the sole source of fertilizer and routing wastewater through
the successive steps of the facility, the treatment of the waste-produced
products would be designed for maximum resource recovery and minimal effec
on water quality.

Solid Wastes--The solid waste generated by the livestock operation
would consist mainly of organic waste that may result from accidental
spillage of feeds, settleable solids that resist decomposition by natural
processes, accidental fish kills in the facility due to uncontrollable
factors, and possible spoilage of plant products during storage. Proximal
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waste fish poundage could be 113,000 kg (250,000 pounds). Water chestnuts
could spoil in processing if not stored or shipped appropriately. The
bulk of the chestnut solid waste would be fed to the finish hogs. Minimal
office solid waste would be generated.

Materials Flow--Truck traffic to the site would consist mainly of
the livestock shipments into and out of the park on a regular basis.
Approximately 25 percent of the 1000-head herd of swine would be shipped
to market approximately once a month. If this facility was only a finish-
ing unit, then small feeder-pigs would be shipped into the facility as
replacer pigs. Access areas and truck traffic would also be required for
shipment of bulk feeds to the industry.. Access roads should accommodate
tractor trailer traffic.

Revenue Flows--Construction materials costs would range from $200,000
to $250,000. Construction labor costs are estimated at $100,000 to $150,000.
Production costs would be about $650,000 to $800,000. Revenues from the
following products could total $1.0 to $1.5 million:

Units

Hogs Finished 3,000 hogs
Feeder Pigs 5,600 pigs
Food Fish 95,000 kg (210,000 lbs)
Fingerling Fish 500,000 fish
Chestnuts 408,000 kg (900,000 lbs)
Chestnut Hay 159,000 kg (350,000 lbs)
Methane Gas 8.4 x 105 m3 (3 x 107 ft 3 )

4.2.1.3 Grain Drying

Waste heat could be used for drying grain in units sized for a typi-
cal farmer or small farmer cooperative. These systems would probably.
involve the use of prefabricated grain bins with a capacity of 1060 hl
(hectoliter)-3520 hl (3,000-10,000 bushels) for drying and storing grain
on the site, with the most likely users being farmers in the vicinity.
Use of waste heat would be seasonal, with drying occurring primarily in
the fall and early winter. Some drying of spring wheat is also anticipated.

The following estimates are based on one 1760 hl- (5000 bushel-)
capacity round grain bin. One such bin would serve about 24 ha (60
acres) of corn production or about 61-81 ha (150-200 acres) of soybean
or wheat production. Once a grain is dried at the park, it would
probably remain in the bin until sold or used. Several units on a site
would allow better utilization of access areas, loading and unloading
equipment, and waste heat supply systems.

Physical Facilities--The bin would be constructed of heavy gauge
galvanized sheet metal with steel supports where required. A concrete
footing would be required, and the bin would have a false floor supported
by concrete or concrete blocks to form an air plenum, Bin dimantioai
would be a diameter of 6.3 m (21 feet) and a height of 7.3 m (24 feet)
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with an inverted conical cover. Truck access to each bin would be require4
and a single blower and dryer could serve either one or two units. Access
areas should be paved to withstand truck traffic during adverse weather
conditions. Each bin would require about 93 m2 (1000 ft 2 ) of area which
includes the bin, a concrete pad for the blower and dryer, and access
areas for loading and unloading. No facilities for wastewater treatment
would be required. If no central backup heating system is provided, pro-
pane gas storage (one 1900 1 [500 gall tank per bin) would be needed.
Electric service required would probably be about 10 kW at 480 V, 3 phase.
Blower size would be 5-10 hp, and the dryer size would be from 350,000
to 1,000.000 Btu/h. Design features such as the concrete footing and
conical cover would provide protection from rodents and insects.

Work Force--During construction, about 100 hours of labor would be
required to assemble the bin, including all footings, structural compo-
nents, and blower and dryer mounting and connections (three people work-
ing for less than one week). During operation, two people would be needed
during loading and unloading (for about two days). During drying and
storage, infrequent inspections only would be required.

Operating Procedure--One to three drying cycles per year could be
expected, with most bins used for one cycle. Waste heat via convective
heat exchangers would provide the energy for drying one cycle from about
25 percent moisture to 15 percent moisture, which would require 1900-2800
1 (500-700 gal) of LP gas in a conventional bin. One drying cycle could
last from one week to four weeks, depending on the grain, initial moisture
content, and amount of heat available. Intermittent ventilation of grain
would be required during storage. Unmuffled blowers could emit a high
frequency noise that could be heard up to 1.6 km (1 mile) from the faciliti
during operation. Pesticides are not normally used. Because of the rela-
tively small bin size and the ventilation requirements, the possibility
of explosion should be negligible.

Discharges--Particulate emissions could result from loading and
unloading grain. Air flow rates of 420-700 m3 /min (15,000 to 25,000 cfm)
would be discharged from the top of the bin and some dust could be dis-
charged in this airstream. The amount and type of dust would depend on
the type and condition of the grain, but is usually negligible in terms
of pollution from a bin of this size.

Solid Waste--Any solid wastes generated would be grain dust or resi-
dues from loading or unloading. These are usually "composted in place,"
but could be hauled to a landfill. Normally, less than one ton of waste
including a small volume of office waste would be associated with one
cycle in a bin of this size.

Materials Flow--Approximately two truck loads of material and person-
nel traffic for three people would be sufficient during a construction
period of less than one week. Construction materials would include sheet
metal, cement, steel supports, and concrete blocks. About 15-20 truck
loads of grain would be required for loading or unloading grain, with
about 88-106 hl (250-300 bushels) per load. One load of propane (for a
1900 1 [500 gal] truck) would be required monthly for each bin during
drying cycles, if no central backup system is provided.
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Revenue Flows--Materials cost for one bin with blower and propane
dryer would be approximately $2000. Labor cost for construction would
be about $1000. Electric usage for one crop would be about 1000 to 1500
kWh during drying and storage, or about $0.01 per bu. Propane cost for
a conventional system would be about $350, or about $0.07 per bu., for
one cycle. Less than 10 man-hours per week would be required during dry-
ing and storage. The value of the dried grain would be-about $16,000
for corn or $35,000 for soybeans.

4.2.2 Aquacultural Applications

Potential aquaculture development would include commercial production
of edible-size fish, commercial production of seed stock, or a public
fish hatchery.

Physical Facilities--Concrete raceways partially imbedded in the
ground would be used to rear fish. Water could be cascaded from section
to section to improve oxygen levels. Some operations or portions could
be covered with open span steel structures or pole barn-type covers for
protection from weather. Access areas need to be sufficient for tractor-
trailer trucks moving in and out of area for hauling fish and feed. This
would probably require one hectare of additional area for each hectare of
water surface (acre/acre). A security fence would be required around
individual operations to prevent poaching. Holding ponds would be required
with retention times of 15-30 minutes to settle solid wastes. Extensive
downstream aquaculture ponds may be utilized to further improve water
quality. Detailed pond system engineering remains to be developed, but
the system could be similar to the concepts described in Section 4.2.1.2
for the livestock waste recycling system.

Work Force--Construction activities would require about 60-80 workers
for six months. Operational manpower would range from 10 to 15 employees.

Operating Procedures--The aquaculture system involves the mixing of
CCW and ambient surface water. This is one of three uses identified for
direct contact use. The following pesticide and fungicide treatments may
be used:

1. Formalin - 250 ppm for 1 hour
2. Potassium Permanganate - 10 ppm for I hour
3. Salt - 3% solution
4. Terramycin - 2-4 1/2 gram/100 lb fish/day for 7 days

Cleaning cycles would be needed approximately 1 percent of total operating
time. There would not be a need for fuel storage, cultivation, irrigation
or fertilizer application. No odor problems are anticipated under normal
operations. An approved landfill will be required to dispose of any mass
fish die-offs. No excessive noise is expected. About 114,000 1/min
(30,000 gpm) of CCW will be used directly with no heat exchangers. The
facility would be using raw water to moderate wastewater temperature.
The maximum raw water flow rate would be about 114,000 1/min (30,000 gpm).
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Discharges--Wastewater from raceways normally have a BOD5 ranging
from less than 10 mg/l during normal operations to 200 mg/l during cleaninE
Removal of low concentrations of solids could be accomplished .in a settlinj
pond; phytoplankton may build up but could be harvested to a certain extent
in downstream ponds by extensive aquaculture means similar to those descril
in Section 4.2.1.2. Wastewater from the system would be treated to meet
applicable performance standards (at a minimum) as well as water quality
criteria and/or levels of discharge commensurate with the assimilative
capacity of the receiving stream.* Treated effluents would be returned
to the condenser cooling system and the river in the same proportions as
initially received.

Solid Waste--Dead fish disposal would need an approved landfill.
Feces, etc., should settle in settling pond and decompose.

Materials Flow--Traffic during construction would involve about
250-370 truck loads of material per hectare (100-150/acre), including
some dirt moving. Cement, structural steel, and fencing would be the
only construction materials. Operational traffic would be 2-5 trucks
per day per hectare (1-2/ acre), plus employment traffic. There would
not be any transportation of hazardous materials.

Revenue Flows--Construction materials cost, including dirt moving,
would be about $3.1-$4.3 million/ha ($1.25-$1.75 million/acre). Construc-
tion labor cost at $8/hr would be $1.1-$1.5 million/ha ($450,000-$600,000/
acre). Production cost would range from $500,000-$620,000/ha ($200,000-
$250,000/acre). Production revenues are estimated at $0.9-$1.2 million/ha
($350,000-$500,000/acre).

4.2.3 Industrial Applications

4.2.3.1 Selection Criteria

The primary criterion for selection of a particular industry is its
.compatibility with the nuclear plant systems. Transportation methods
and types of cargo; the processing, manufacturing, or utilization of
potentially hazardous materials; and types of structures associated with
the facility are factors to be considered to ensure that no park users
would impact the safe operation of the plant. Additional selection cri-
teria include technical feasibility, space requirements, production demand
labor requirements and availability, energy requirements, environmental
acceptability, and materials availability. All industries will comply
with applicable Federal, State, and local rules and regulations.

Several industries have been identified as feasible candidates for
location at a waste. heat park. Characteristics of these industries are
presented in Table 4.2-3.

*This criterion is applicable to all wastewater discharges from any of the
potential facilities. Mitigation will be site, industry, and process
specific, commensurate with probable impacts.
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Descriptions of these industries are provided below. The first
group of applications (meat, soybean, and vegetable processing) are the
most likely candidates for location in the park because of their relation
to other park uses already identified. This is a tentative identification
of broad categories of potential industries; specific details for some
industrial uses are so site- or process-dependent that they cannot be
provided at this time.

Standard Industrial
Classification* Industry

201 Meat Products
203 Canned and Preserved Fruits and Vegetables
204 Grain Mill Products
2065 Candy and Confectionary Products
2066 Chocolate and Cocoa Products
2075 Soybean Processing

•2098 Macaroni, Spaghetti, Vermicelli, and Noodles
2491 Wood Preserving
2833 Medicinal Chemicals and Bontanical Products
2865 Cyclic Crudes and Intermediates; Dyes and

Organic Pigments
2869 Distillation of Industrial Alcohol
2891 Adhesives
311-319 Leather Tanning and Products
327 Concrete Products
3471 Electroplating
3713 Truck and Bus Bodies

4.2.3.2 Fish Processing Plant

The following characteristics describe a typical fish processing
facility.

Physical Facilities--The structure would be open-span prefabricated
steel with metal sides. The floors and loading platforms should be con-
structed of materials easily cleaned such as concrete or tile which Would
not become water-soaked and contaminated with organic substances. Windows,
doors, and other entry areas would be screened. A plant capable of proc-
essing 2300 kg (5000 lbs) of dressed fish per day [913,000 kg (2 million
lbs) annual live weight) would require a building about 9 by 18 m (30 by
60 ft). Access areas would be sufficient to accommodate tractor-trailer
truck traffic to the plant and to the holding ponds. A concrete holding
tank adjacent to the plant would be required to hold 2300-3200 kg (5000-
7000 Ib) of fish. A structure 12 by 1.2 by 1 m (40 by 4 by 3.5 ft) with
features allowing easy harvesting would be ample. There would be no
storage of hazardous materials.

Work Force--Construction would require about 8 workers for 6 months.
An operation work force of 15-20 employees, including management, would
be needed.

*Identification codes from Standard industrial Classification Manual, 1972.
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features allowing easy harvesting would be ample. There would be no 
storage of hazardous materials. 
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Operating Procedures--Approximately 76-114 I/min (20-30 gpm) of pota-
ble water would be needed. The only use of CCW would be to heat the
building. Noise would not be excessive. Waste products including scales,
bones, and internal organs (offal) must be continuously removed from the
processing area to prevent breeding of flies or development of offensive
odors. An approved landfill for offal would be required. The offal could
be used to make fertilizer or feed if volume warranted this. Fish proces-
sors would comply with applicable State and Federal health standards.

Discharges--Approximately 38-76 1/min (10-20 gpm) of-process water
with some offal would be generated. This would require an aerated lagoon
with about a 10-day retention time, with approximate dimensions of
15xl5xl m to 21x21xl m (50x50x3 ft to 70x70x3 ft). Any discharges would
comply with State and Federal water quality regulations.

Solid Waste--About 1360-1588 kg (3000-3500 lbs) of offal would be
generated daily by a 2300 kg (5000 lb) per day (dressed fish weight)
plant. A small quantity of office solid waste would be produced. All
solid waste would be taken to an approved landfill for disposal.

Materials Flow--During construction, 20-25 loads of material and
equipment would be needed. There is potential for some dirt moving for
holding tank and lagoon construction. Operational traffic would be com-
posed of 2-3 trucks per day delivering materials and shipping products,
daily trips to approved landfill, and normal employee and visitor traffic.
If central back-up and augmentation systems are provided, there would be
no transport of hazardous materials.

Revenue Flows--Construction materials cost woald be $100,000-$150,000.
Construction labor cost would be about $50,000-$70,000. Annual production
cost would range from $300,000-$400,000. Gross annual revenue is expected
to be about $1.75-$2.5 million. Production revenues less cost of fish
purchased would yield about $0.75-$1.1 million/annually.

4.2.3.3 Beef Slaughtering Plant

The following estimates for a beef slaughtering plant are based on
a 60-head-per-hour, single shift, 8-hour day.

Physical Facilities--The building would be a single-story structure,
requiring about 1.2 ha (3 acres) of land. This area includes holding
pens with concrete floors and open sides, but does not include any waste
treatment facilities. Slaughter facility would include kill floor,
dressing and chill rooms, coolers, boilers, and storage area. Structure
should be brick or tile which would not become water-soaked and contami-
nated with organic substances. Floors would be rough-finished concrete
and well-drained. Approximately one drain would be required for each
37 mi2 (400 ft 2 ) of floor space.

The slaughter building would need to be about 1950 m2 (21,000 ft 2 ),
and the holding pens and alleyways about 2400 mi2 (26,000 ft 2 ). Access
areas would be sufficient to accommodate tractor-trailers to and from
the processing plant and to the holding area. There would be no storage
of hazardous material if central back-up and augmentation units are used.
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Work Force--Construction would require about 25 employees for one
year. There would be an operational work force of 90-100 employees, full
time, including management, with little or no seasonal variation.

Operating Procedures--About 760-1130 1/min (200-300 gpm) of water
would be needed for washing in the kill room and up to the point where
carcasses are hung in the chill, room. Odor would be generated only in
the holding area and kill room. Proper handling of wastes would mini-
mize odors and confine them to the immediate vicinity. Noise levels'
would not be anticipated to be a problem.

Discharges--Because closed heat exchange.system, will be_ used to heat
water, no change would be experienced in the quality of CCW. About 870-
900 1 (230-240 gal) of raw process water would.be required per head slaugh-
tered. If a lagoon were used for water treatment, about 1.2-2 ha (3-5
acres) of land would be required. Most of the solid waste would be removed
and used for recycling into livestock feed. About 2.7 kg.(6 lbs) of manure
would be produced per head per day for animals held in the holding area.
This waste could be removed and used as fertilizer, or it could be sus-
pended and treated in the water treatment facility.

Materials Flow--Construction maaterials would include concrete, con-
crete blocks, glazed brick or tile, structural steel, and wood. Roads
would need to accommodate tractor-trailer trucks and large concrete trans-
port equipment. During operation, live beef cattle would be the major
input material received, and at least part would be shipped in by tractor-
trailer. Materials out would be beef carcasses and parts and dehydrated
solid waste material. Most would be shipped out by tractor-trailer.

Revenue Flows--Construction costs for pens and alleyways would be
about $650,000. The building construction would be expected to cost *about
$735,000-and labor'costs would be~abou'it' $500,000.... Wages would average
about $1-$1.5 million annually. Operating costs would be $500,000-$800,000
annually, in addition to a yearly expenditure for cattle of about $85
million. Gross annual revenue would be expected to be about $90 million.

4.2.3.4 Broiler Processing

The brbiler processing facility is based on a 10,000 bird-per-hour
plant. Live birds will weigh 1.6 kg (3.5 lbs). The plant will operate
8 hours per day for about 250 days per year.

Physical Facilities--The broiler processing facility would consist
of two buildings. One would have a'pole frame with open sides, a concrete
drive-through floor, and fans located to circulate air through chicken
coops stacked on tractor-trailer trucks. The other building would house
the slaughter-processing operation, which would include a weigh station,
unloading docks, akill floor, and rooms for scalding, picking, pinning,
'drawing, cutting up, cooling, weighing,.ice-packing-or freezing, plus
load-out facilities. The slaughter plant would have a concrete floor
with drains, concrete block walls with an impervious surface, and. drip-
proof..cei'lings.-. The'.structure'foriholding.birds.would be.. 550 m2 . (600.0-.ft2.)
and the slaughter facility would be 2800 m2 (30,000 ft 2 ). The access
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area would need to be sufficient to accommodate tractor-trailer truck
traffic for shipping in live birds and for shipping out ice-packed
processed birds.

Work Force--A construction force of about 20 workers would be needed
for a year. Operations would require 300-325 employees per year, full
time, including management.

Operating Procedures--CCW would be used for preheating process water
and for space heating. Temperatures would have to be augmented. No fuel
storage would be required unless natural gas was used for augmentation.

Discharges--About 30 1 (8 gal) of water per bird is used for proc-
essing broilers, producing about 8250 1 (2200 gal) of waste water per
454 kg (1000 lbs) of birds processed. The BOD level per 454 kg (1000 lbs)
of birds processed would be 3 kg (8.2 lbs), and suspended solid waste
would be 2.3 kg (6.3 lbs). Most of this would be blood and grease that
cannot be controlled for refining into animal feed.

Odors from rendering and dehydrating the offal, feathers, and blood
would be confined to the vicinity of the cooking vats.

Solid Waste--Manure, feathers, dust, and other solid waste from the
holding area would be collected by dry cleaning and rendered with the
offal, feathers, and blood into high-protein feed for sale back to the feed
industry. The quantity is small, for short holding periods. Almost all of
the 386 kg of offal and 154 kg of feathers produced per 1000 kg (175 and
70 lbs/ 1000 lbs) of live weight slaughtered are recovered. About 85-90
percent of the 154 kg/1000 kg (70 lbs/1000 lbs) of blood is also recovered.
There would be a small quantity of office solid waste generated.

Materials Flow--For construction, concrete trucks, tractor-trailers,
and a crane for hauling concrete, cement blocks, structural steel, and
building supplies would be needed. During operation live birds would be
the only material shipped in, requiring about five 23 t (25 ton) tractor-
trailer loads per day. Dressed birds and high protein animal feed ingre-
dients would be shipped out, requiring six 23 t (25 ton) loads daily.

Revenue Flows--Construction costs would range from $1.2-$1.5 million,
including construction wages amounting to about $500,000. Annual operating
costs would be about $12 million (including purchase of broilers), with
wages constituting an additional $6.3 million annually. Gross annual
revenue would be about $20 million.

4.2.3.5 Hog Slaughtering Plant

The following estimates for a hog slaughtering plant are based on a
300-head-per-hour, single-shift, 8-hour day.

Physical Facilities--The building would be a single story structure
requiring about 0.8 ha •2 acres) of land. The area would including hold-
ing pens with concrete floors and open sides. The slaughter facility
would include a stunning area, a scalding vat and dehairer housed in a
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would include a stunning area, a scalding vat and dehairer housed in a 
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story-and-a-half room [4.5 m (15 ft)] to allow sufficient working room.
Other space needed would be for a chill room, cooler room, boiler room,
a smoking room for curing bacon and ham, plus a room for boxing parts.
The structure should be glazed brick or tile which will not become water-
soaked and contaminated with organic substances. The floors should be
rough finished concrete and designed so that they are well drained. For
areas where wet operations take place, one drain would be required for
each 37 m2 (400 ft 2 ) of floor space. The holding area would need to be
about 185 m2 (20,000 ft 2 ) for pens and alleyways. The building would need
to be about 1395 m2 (15,000 ft 2 ). Access areas would need to be sufficient
to accommodate tractor-trailer truck traffic to and from the processing
plant and to the holding area. There would not be any storage of hazardous
material unless natural gas was used for augmentation.

Work Force--Construction would require about 20 employees for one
year. For operations, 60-70 employees, including management, would be
needed. There would be little seasonal variation in operational labor
requirements.

Operating Procedures--The plant's raw water supply requirements would
be about 345 I/min (91 gpim). Water in the scalding tub would need to be
71'C (160'F), which will require augmentation above CCW temperature. Water
for washing would be needed throughout the kill area and to the point where
carcasses are hung in the chill room. Odors would be generated from the
holding area and in the kill room, particularly in the dehairing and the
eviscerating operations. However, proper cleaning would minimize the odors
and confine them to the immediate area where the operations are being
performed. Noise levels would be within acceptable limits. CCW would be
used to heat the building and to elevate the temperature of the hot water
needed before it enters the boilers.

Discharges--A closed heat exchange system would be used to heat
water, with no change experienced in the quality of CCW.

About 64-72 1 (17-19 gal) of wastewater will be discharged per head
slaughtered. The water would contain some offal, blood, and grease from
processing. Although the inedible and waste portions amount to about
18 kg (37 lbs) per head, most of this inedible offal, blood, and grease
would be dehydrated and recycled for livestock feed. Therefore, the
amount of wastewater requiring treatment would be minimized. Discharges
to the air would be minimal and would not be expected to be detectable
beyond the plant area°.

Solid waste would consist Qof a small quantity of office solid waste
and about 1 kg (2 lbs) of manure produced per head per day held. Most
hogs would be slaughtered the same day; few would be held over two days
after receipt at the holding area.

Materials Flow--Construction materials would include concrete, con-
crete blocks, glazed brick or tile, structural steel, and wood. The road
system would need to accommodate tractor-trailer trucks and large concrete
transport equipment. During operations, live hogs would be the major
input materialreceived, and at least part would be shipped in on tractor-
trailer trucks. Materials out would be hog carcasses and parts and dehy-
drated solid waste. Most would be shipped out by tractor-trailer trucks.
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eviscerating operations. However, proper cleaning would minimize the odors 
and confine them to the immediate area where the operations are being 
performed. Noise levels would be within acceptable limits. CCW would be 
used to heat the building and to elevate the temperature of the hot water 
needed before it enters the boilers. 

Discharges--A closed heat exchange system would be used to heat 
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Revenue Flows--Construction costs for pens and alleyways would be
about $250,000. The building would cost $525,000 to construct. Labor
(20 people for one year) costs would be about $400,000. Wages would
range from $1.0-$1.5 million, including management, per year. Operating
costs would be about $500,000 per year, plus $45-$55 million to purchase
hogs. Gross annual revenue would be $50-$60 million.

4.2.3.6 Soybean Processing Facility

The following characteristics would apply for a soybean processing
facility.

Physical Facilities--The facility would consist of storage capable
of supplying processing requirements for 60 days. The processing facility
would include a preparation facility, flaking operation and oil solvent
extraction plant, and meal and oil storage. It is assumed that oil
would be shipped out as crude oil.

Buildings would be concrete and steel. The extraction plant would
be a multiple-story structure with concrete and wire floors on each level
with open sides. Meal storage would have metal sides. Soybean storage
would be in steel bins with concrete floors. Oil storage would be in
stainless steel tanks. A plant capable of processing 2000 tons of soy-
beans per day would require building space of 3555 m . (38,250 ft 2 ). See
Table 4.2-4 for area requirements by facility.

The facility would need access by road, rail, and water. Storage
facility needs would be four 352,000 hl (I hl = 2.842 bu) tanks.

Work Force--A construction crew of 100-150 employees would be needed
for two years. For operations, 100-125 employees, including management,
would be needed for 24 hours/day.

Operating Procedures--The CCW would be used to preheat the air by
convection for use in drying beans in preparation process. Air used in
drying process would need to be 760 C (169 0 F); therefore, supplemental
heat would be required. Hot water would also be needed in the softening
process, and the waste heat water can be used in the exchange process
for heating water for that purpose. Approximately 30,000 1 (8000 gal)
of process water per hour is used, of which about 19,000 1 (5000 gal)
would be taken up by the process. The remainder is recycled. Natural
gas would probably be used for dryer and boiler (unless other types of
petroleum are used). Hexane, a solvent used in oil extraction, is highly
flammable. Approximately 3785 1 (1000 gal) of hexane is evaporated per
day of operation. About 2.8 million 1 (75,000 gal) of hexane would
generally be stored underground in metal tanks.

Discharges--Preliminary estimates indicate that a closed heat exchange
system would be used, so that no water would be discharged. There would
not be any solid waste, other than minimal office waste, produced. Acci-
dental discharges of hexane or soybean oil could occur during transport,
transfer, or storage. Odors could be confined to the plant area. Particu-
late emission could occur during materials transfer.
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Revenue Flows--Construction costs for pens and alleyways would be 
about $250,000. The building would cost $525,000 to construct. Labor 
(20 people for one year) costs would be about $400,000. Wages would 
range from $1.0-$1.5 million, including management, per year. Operating 
costs would be about $500,000 per year, plus $45-$55 million to purchase 
hogs. Gross annual revenue would be $50-$60 million. 

4.2.3.6 Soybean Processing Facility 

The following characteristics would apply for a soybean processing 
facility. 

Physical Facilities--The facility would consist of storage capable 
of supplying processing requirements for 60 days. The processing facility 
would include a preparation facility, flaking operation and oil solvent 
extraction plant, and meal and oi.l storage. It is assumed that oil 
would be shipped out as crude oil. 

Buildings would be concrete and steel: .The extraction plant would 
be a multiple-story structure with concrete and wire floors on each level 
with open sides. Meal storage would have metal sides. Soybean storage 
would be in steel bins with concrete floors. Oil storage would be in 
stainless steel tanks. A plant capable of processin~ 2000 tons of soy
beans per day would require building space of 3555 ~ (38,250 ft2 ). See 
Table 4.2-4 for area requirements by facility. 

The facility would need access by road, rail, and water. Storage 
facility needs would be four 352,000 hI (1 hI = 2.S42 bu) tanks. 

Work Force--A construction crew of 100-150 employees would be needed 
for two years. For operations, 100-125 employees, including management, 
would be needed for 24 hours/day. 

Operating Procedures--The CCW would be used to preheat the air by 
convection for use in drying beans in preparation process. Air used in 
drying process would need to be 76°C (l69°F); therefore, supplemental 
heat would be required. Hot water would also be needed in the softening 
process, and the waste heat water can be used in the exchange process 
for heating water for that purpose. Approximately 30,000 1 (SOOO gal) 
of process water per hour is used, of which about 19,000 1 (5000 gal) 
would be taken up by the process. The remainder is recycled. Natural 
gas would probably be used for dryer and boiler (unless other types of 
petroleum are used). Hexane, a solvent used in oil extraction, is highly 
flammable. Approximately 3785 1 (1000 gal) of hexane is evaporated per 
day of operation. About 2.8 million 1 (75,000 gal) of hexane would 
generally be stored underground in metal tanks. 

Discharges--Preliminary estimates indicate that a closed heat exchange 
system would be used, so that no water would be discharged. There would 
not be any solid waste, other than minimal office waste, produced. Acci
dental discharges of hexane or soybean oil could occur during transport, 
transfer, or storage. Odors could be confined to the plant area. Particu
late e~ission could occur during materials transfer. 
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Materials Flow--Heavy-duty trucks would be required for bringing in
concrete, structural steel, and equipment during construction phase.
Soybeans would be delivered by rail, barge, or truck, requiring 85 23 t
(25 ton)-truck loads per day for processing. About 1450 t (1600 ton) of
meal would be produced per day, requiring 64 23 t (25 ton) loads and
shipped out by rail, barge, or truck. About 318 t (350 ton) of oil per
day would be available for shipping, primarily by barge and truck. The
transportation of hexane would be conducted according to applicable
regulations.

Revenue Flows--Construction labor costs would range from $5-$8 mil-
lion. Construction materials would cost from $5-$10 million. Operating
labor costs would be $2-$2.5 million annually. Processing machinery would
cost about $8-10 million. Production cost, excluding purchase cost of
beans would be $9-$12 million annually. Bean acquisition cost would be
$120-$160 million. Gross annual revenue would be from $160-$200 million.

4.2.3.7 Turkey Processing

The turkey processing facility is based on a 1000 turkey (heavy
young hens) per hour plant. Live birds weigh about 8-9 kg (18-20 lbs)
with a dressed weight average of 6 kg (13 lbs). The plant would operate
8 hours per day for about 250 days per year. Many turkey processing
plants also process broilers.

Physical Facilities--The turkey processing facility is essentially
the same structure as that for chicken processing, except that the
structures will require approximately 3700 m2 (40,000 ft 2 ) due to the
larger-sized birds. The holding area will be a 558 m2 (6000 ft 2 ) pole-
framed building with a drive-through concrete floor. Access areas would
be needed to accommodate tractor-trailer trucks for shipping live birds
into the facility and ice-packed processed birds out of the plant.

Work Force--A construction crew of 22 workers would be needed for
approximately one year. For operation, 100-110 full-time employees,
including 10 management/supervisory, would be needed.

Operating Procedures--The temperature of process water would need to
be increased to 71*C (160°F) for some operations. Odor would be confined
to vicinity of cooking vats where offal is rendered. Water used in proces-
sing turkeys would be 3750 1 per 1000 kg (1700 gal/1000 lbs) of live weight
slaughtered.

Discharges--Solid waste (manure, feathers) would be collected by dry
cleaning and rendered with the offal, feathers, and blood for sale back
to feed industry. About 70 kg of feathers per 1000 kg of live weight
(70 lbs/1000 lbs) and almost all of the 125 kg of offal would be recovered
and would not require discharge. About 85-90 percent of the 70 kg of
blood is recovered and would not be discharged. Solid waste materials are
rendered as high protein feed and sold to the feed industry.
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Materials Flow--Heavy-duty trucks would be required for bringing in 
concrete, structural steel, and equipment during construction phase. 
Soybeans would be delivered by rail, barge, or truck, requiring 85 23 t 
(25 ton)-truck loads per day for processing. About 1450 t (1600 ton) of 
meal would be produced per day, requiring 64 23 t (25 ton) loads and 
shipped out by rail, barge, or truck. About 318 t (350 ton) of oil per 
day would be available for shipping, primarily by barge and truck. The 
transportation of hexane would be conducted according to applicable 
regulations. 

Revenue Flows--Construction labor costs would range from $5-$8 mil
lion. Construction materials would cost from $5-$10 million. Operating 
labor costs would be $2-$2.5 million annually. Processing machinery would 
cost about $8-10 million. Production cost, excluding purchase cost of 
beans would be $9-$12 million annually. Bean acquisition cost would be 
$120-$160 million. Gross annual revenue would be from $160-$200 million. 

4.2.3.7 Turkey Processing 

The turkey processing facility is based on a 1000 turkey (heavy 
young hens) per hour plant. Live birds weigh about 8-9 kg (18-20 lbs) 
with a dressed weight average of 6 kg (13 Ibs). The plant would operate 
8 hours per day for about 250 days per year. Many turkey processing 
plants also process broilers. 

Physical Facilities--The turkey processing facility is essentially 
the same structure as that for chicken processing, except that the 
structures will require approximately 3700 m2 (40,000 ft 2 ) due to the 
larger-sized birds. The holding area will be a 558 m2 (6000 ft 2 ) pole
framed building with a drive-through concrete floor. Access areas would 
be needed to accommodate tractor-trailer trucks for shipping live birds 
into the facility and ice-packed processed birds out of the plant. 

Work Force--A construction crew of 22 workers would be needed for 
approximately one year. For operation, 100-110 full-time employees, 
including 10 management/supervisory, would be needed. 

eratin Procedures--The temperature of process water would need to 
be increased to 71°C 160°F) for some operations. Odor would be confined 
to vicinity of cooking vats where offal is rendered. Water used in proces
sing turkeys would be 3750 1 per 1000 kg (1700 gal/1000 Ibs) of live weight 
slaughtered. 

Discharges--Solid waste (manure, feathers) would be collected by dry 
cleaning and rendered with the offal, feathers, and blood for sale back 
to feed industry. About 70 kg of feathers per 1000 kg of live weight 
(70 Ibs/1000 lbs) and almost all of the 125 kg of offal would be recovered 
and would not require discharge. About 85-90 percent of the 70 kg of 
blood is recovered and would not be discharged. Solid waste materials are 
rendered as high protein feed and sold to the feed industry. 
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The BOD level would be 3.6 kg (8 ibs) and the suspended solid waste
level would be 2.3 kg (5 lbs) per 1000 birds slaughtered; most of this
is blood and grease that cannot be controlled and processed for feed.

Materials Flow--Construction materials would include concrete,
cement blocks, structural steel, wood, and other building supplies.

Operational materials shipped in would be live birds, and materials
shipped out would be dressed turkeys and high protein feed ingredients.
Three incoming 23 t (25 ton) tractor-trailer loads daily would be needed,
and 2-3 outgoing loads per day would be expected.

Revenue Flows--Construction costs would be about $1.5-$2 million,
including $400,000-$500,000 for construction wages. Operating costs,
including $2-$2.5 million for wages, would be $5-$6 million per year.
Costs for purchasing turkeys to process would be $12-$15 million annually.
Gross annual revenue would range from $15-$25 million.

4.2.3.8 Vegetable Processing Plant

The following estimates for a vegetable processing plant are based
on a multiple-purpose plant capable of canning leafy greens, lima beans,
and southern peas, and capable of producing 1500 cases of number 303
cans per hour. The canning season would be about 90 days for these
products.

Physical Facilities--The building would be a single-story structure
requiring about 0.8 ha (2 acre) of land, excluding wastewater treatment
facilities. The building would be about 1670 m2 (18,000 ft 2 ) of enclosed
space. All floors should be concrete and ceilings should be drip-proof.
Walls should be sealed so that they are moisture-proof; this could be
tile, glazed brick, or sealed concrete.

Access areas should be sufficient to accommodate tractor-trailer
truck traffic for receiving raw inputs and shipping canned vegetables.

Work Force--Construction would require an estimated 18 employees
for one year. For operation during canning season 12-18 full-time
employees, including management, would be needed. Seasonal work force
needs would be 30-40 part-time employees to work during the 4-5 month
canning season.

Operating Procedures--The operations include temporary storage at
the unloading docks, cleaning, washing, flotation cleaning, inspecting,
shelling, chopping or slicing, holding, blanching, cooling, brining,
dewatering, filling cans, closing cans, processing, cooling, labeling,
palletizing, storing, and loading. Process water requirements would be
380 I/min (100 gpm). It is possible that some of this water, used in
cleaning and canning processes, could be treated and recycled. With
proper waste disposal, odors should not be objectional and would be
confined to the processing area. Some steam and exhaust would be emitted.
Increases above background noise levels would be minimal.
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The BOD level would be 3.6 kg (8 lbs) and the suspended solid waste 
level would be 2.3 kg (5 lbs) per 1000 birds slaughter~d; most of this 
is blood and grease that cannot be controlled and processed for feed. 

Materials Flow--Construction materials would include concrete, 
cement blocks, structural steel, wood, and other building supplies. 

Operational materials shipped in would be live birds, and materials 
shipped out would be dressed turkeys and high protein feed ingredients. 
Three incoming 23 t (25 ton) tractor-trailer loads daily would be needed, 
and 2-3 outgoing loads per day would be expected. 

Revenue Flows--Construction costs would be about $1.5-$2 million, 
including $400,000-$500,000 for construction wages. Operating costs, 
including $2-$2.5 million for wages, would be $5-$6 million per year. 
Costs for purchasing turkeys to process would be $12-$15 million annually. 
Gross annual revenue would range from $15-$25 million. 

4.2.3.8 Vegetable Processing Plant 

The following estimates for a vegetable processing plant are based 
on a mUltiple-purpose plant capable of canning leafy greens, lima beans, 
and southern peas, and capable of producing 1500 cases of number 303 
cans per hour. The canning season would be about 90 days for these 
products. 

Physical Facilities--The building would be a single-story structure 
requiring about 0.8 ha (2 acre) of land, excluding wastewater treatment 
facilities. The building would be about 1670 m2 (18,000 ft 2 ) of enclosed 
space. All floors should be concrete and ceilings should be drip-proof. 
Walls should be sealed so that they are moisture-proof; this could be 
tile, glazed brick, or sealed concrete. 

Access areas should be sufficient to accommodate tractor-trailer 
truck traffic for receiving raw inputs and shipping canned vegetables. 

Work Force--Construction would require an estimated 18 employees 
for one year. For operation during canning season 12-18 full-time 
employees, including management, would be needed. Seasonal work force 
needs would be 30-40 part-time employees to work during the 4-5 month 
canning season. 

Operating Procedures--The operations include temporary storage at 
the unloading docks, cleaning, washing, flotation cleaning, inspecting, 
shelling, chopping or slicing, holding, blanching, cooling, brining, 
dewatering, filling cans, closing cans, processing, cooling, labeling, 
palletizing, storing, and loading. Process water requirements would be 
380 l/min (100 gpm). ' It is possible that some of this water, used in 
cleaning and canning processes, could be treated and recycled. With 
proper waste disposal, odors should not be objectional and would be 
confined to the processing area. Some steam and exhaust would be emitted. 
Increases above background noise levels would be minimal. 
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Discharges--CCW quality would not be affected because a closed
exchange system would be used to transfer heat. About 380 1/min (100 gpm)
of process water would be generated, with the BOD level ranging from 1.2
to 3.6 g/l (.01 and .03 lbs per gal) of water. Most waste from vegetable
processing plants is biodegradable. About 2540 t (2800 ton) of process
solid waste would be produced annually, which includes pea hulls and other
plant materials that would be discarded. A minimal quantity of office
solid waste would be produced. These wastes would be disposed of in an
approved landfill.

Materials Flow--Construction materials would include concrete
block, glazed brick or tile, structural steel, and wood. Operations
would involve the shipping in of raw vegetables, cans and lids, cases,
labels, salt, and minor supplies used in processing. Shipments out
would be canned vegetables.

Revenue Flows--Construction costs would be $700,000-$1,000,000, with
construction wages comprising an additional $360,000-$500,000. Operational
costs would be about $1.5-$2.0 million annually. Operating wages would be
$400,000-$500,000. The cost of raw products would range from $1.5 to $2.0
million. Gross annual revenue would amount to $5-$5.5 million.

4.2.3.9 Other Food Products

Other food processing industries with the potential for locating at
a waste heat park would be manufacturers of the following: candy and con-
fectionary products; chocolate and cocoa products; chewing gum; pasta
products; dried and dehydrated fruits, vegetables, and soup mixes; pickled
fruits and vegetables, vegetable sauces and seasonings, and salad dressings;
dog, cat, and other pet food; and prepared feeds and feed ingredients for
animals. Operations and materials would be similar to those previously
described for specific food products. CCW would be used in convective
heat exchangers to preheat process and cleaning water and for space heating.
Wastewater discharges could contain suspended solids, oxygen-demanding
wastes, oil, and grease, and/or alkaline and acid wastes. Air effluents
could include dust from grinding or handling flour, sugar, or cocoa.

Several of the food processing industries described in the previous
sections have the potential to generate odoriferous solid wastes. These
wastes will be disposed of in an environmentally acceptable manner meet-
ing all applicable regulations. Landfills, if used for disposing of
these wastes will not impact residential or recreational areas. If
acceptable landfills are not located in the vicinity of the waste heat
park, industries producing these wastes will be responsible for trans-
porting them to acceptable landfills, reprocessing them, or disposing of
them in other environmentally acceptable ways.

4.2.3.10 Medicinal Chemicals and Botanical Products

This manufacturer would be engaged in (1) manufacturing bulk
organic and inorganic medicinal chemicals and their derivatives and
(2) processing (grading, grinding and hulling) bulk botanical drugs and
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Discharges--CCW quality would not be affected because a closed 
exchange system would be used to transfer heat. About 380 l/min (100 gpm) 
of process water would be generated, with the BOD level ranging from 1.2 
to 3.6 gil (.01 and .03 lbs per gal) of water. Most waste from vegetable 
processing plants is biodegradable. About 2540 t (2800 ton) of process 
solid waste would be produced annually, which includes pea hulls and other 
plant materials that would be discarded. A minimal quantity of office 
solid waste would be produced. These wastes would be disposed of in an 
approved landfill. 

Materials Flow--Construction materials would include concrete 
block, glazed brick or tile, structural steel, and wood. Operations 
would involve the shipping in of raw vegetables, cans and lids, cases, 
labels, salt, and minor supplies used in processing. Shipments out 
would be canned vegetables. 

Revenue Flows--Construction costs would be $700,000-$1,000,000, with 
construction wages comprising an additional $360,000-$500,000. Operational 
costs would be about $1.5-$2.0 million annually. Operating wages would be 
$400,000-$500,000. The cost of raw products would range from $1.5 to $2.0 
million. Gross annual revenue would amount to $5-$5.5 million. 

4.2.3.9 Other Food Products 

Other food processing industries with the potential for locating at 
a waste heat park would be manufacturers of the following: candy and con
fectionary products; chocolate and cocoa products; chewing gum; pasta 
products; dried and dehydrated fruits, vegetables, and soup mixes; pickled 
fruits and vegetables, vegetable sauces and seasonings, and salad dressings; 
dog, cat, and other pet food; and prepared feeds and feed ingredients for 
animals. Operations and materials would be similar to those previously 
described for specific food products. CCW would be used in convective 
heat exchangers to preheat process and cleaning water and for space heating. 
Wastewater discharges could contain suspended solids, oxygen-demanding 
wastes, oil, and grease, and/or alkaline and acid wastes. Air effluents 
could include dust from grinding or handling flour, sugar, or cocoa. 

Several of the food processing industries described in the previous 
sections have the potential to generate odoriferous solid wastes. These 
wastes will be disposed of in an environmentally acceptable manner meet
ing all applicable regulations. Landfills, if used for disposing of 
these wastes will not impact residential or recreational areas. If 
acceptable landfills are not located in the vicinity of the waste heat 
park, industries producing these wastes will be responsible for trans
porting them to acceptable landfills, reprocessing them, or disposing of 
them in other environmentally acceptable ways. 

4.2.3.10 Medicinal Chemicals and Botanical Products 

This manufacturer would be engaged in (1) manufacturing bulk 
organic and inorganic medicinal chemicals and their derivatives and 
(2) proceSSing (grading, grinding and hulling) bulk botanical drugs and 
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herbs. Establishments primarily engaged in manufacturing agar-agar and
similar products of natural origin, endocrine products, manufacturing or
isolating basic vitamins, and isolating active medicinal principals such
as alkaloids from botanical drugs and herbs are also included in this
industry.

Physical Facilities--Land requirements for this industry would be
about 40 ha (100 acres). The plant itself would contain about 9290m2

(100,000 ft 2 ). Highway access would be necessary.

Work Force--Approximately 500 operational workers, without specialized
skills, would be needed.

Operational Procedures--Chemicals would be isolated or manufactured,
then packaged for shipment.

Discharges--Wastewater could contain oxygen-demanding wastes, sus-
pended solids, chromium, zinc, lead, and mercury. Solid waste that could
be transported to an approved landfill would include plant residue, paper,
and glass. Other wastes requiring special handling would depend on the
type of drug manufactured, but could include heavy metals; antibiotics;
recovery, purification, and extraction solvents; alkaloids; crude steroids;
oil and organic residues; alcohols; activated carbon; blood plasma frac-
tions; salts; and cyanides. Special care would be necessary to assure that
significant amounts of toxic and hazardous substances from this source do
not reach water sources or do not contaminate products produced at the park.

Material Flows--Incoming operational materials would include bio-
logical products, chemicals, herbs, and packaging materials.

4.2.3.11 Cyclic Crudes and Intermediates; Dyes and Organic Pigments

This industry would be engaged primarily in manufacturing coal
tar crudes and cyclic organic intermediates, dyes, color lakes, and toner.
Important products of this industry include: (1) Derivatives of benzene,
toluene, naphthalene, anthracene, pyridine, carbazole and other cyclic
chemical products, (2) synthetic organic dyes; (3) synthetic organic
pigments; and (4) cyclic (coal tar) crudes, such as light oils and light
oil products, coal tar crudes, and products of medium and heavy oil such
as creosote oil, naphthalene, and tar.

Physical Facilities--Coal tar and other organics would be trans-
ported to the site by truck or rail. The industrial site would occupy
16-20 ha (40-50 acres). The processing plant itself would require from
280 to 920 m2 (3,000-10,000 ft 2 ). Highway, rail, and barge access would
be needed.

Work Force--Approximately 50 workers would be employed for plant
operation.

Operating Procedures--The coal tar is heated to a desired level in
which the lighter fractions are removed.
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herbs. Establishments primarily engaged in manufacturing agar-agar and 
similar products of natural origin, endocrine products, manufacturing or 
isolating basic vitamins, and isolating active medicinal principals such 
as alkaloids from botanical drugs and herbs are also included in this 
industry. 

Physical Facilities--Land requirements for this industry would be 
about 40 ha (100 acres). The plant itself would contain about 9290m2 

(100,000 ft 2 ). Highway access would be necessary. 

Work Force--Approximately 500 operational workers, without specialized 
skills, would be needed. 

Operational Procedures--Chemicals would be isolated or manufactured, 
then packaged for shipment. 

Discharges--Wastewater could contain oxygen-demanding wastes, sus
pended solids, chromium, zinc, lead, and mercury. Solid waste that could 
be transported to an approved landfill would include plant residue, paper, 
and glass. Other wastes requiring special handling would depend on the 
type of drug manufactured, but could include heavy metals; antibiotics; 
recovery, purification, and extraction solvents; alkaloids; crude steroids; 
oil and organic residues; alcohols; activated carbon; blood plasma frac
tions; salts; and cyanides. Special care would be necessary to assure that 
significant amounts of toxic and hazardous substances from this source do 
not reach water sources or do not contaminate products produced at the park. 

Material Flows--Incoming operational materials would include bio
logical products, chemicals, herbs, and packaging materials. 

4.2.3.11 Cyclic Crudes and Intermediates; Dyes and Organic Pigments 

This industry would be engaged primarily in manufacturing coal 
tar crudes and cyclic organic intermediates, dyes, color lakes, and toner. 
Important products of this industry include: (1) Derivatives of benzene, 
toluene, naphthalene, anthracene, pyridine, carbazole and other cyclic 
chemical products, (2) synthetic organic dyes; (3) synthetic organic 
pigments; and (4) cyclic (coal tar) crudes, such as light oils and light 
oil products, coal tar crudes, and products of medium and heavy oil such 
as creosote oil, naphthalene, and tar. 

Physical Facilities--Coal tar and other organics would be trans
ported to the site by truck or rail. The industrial site would occupy 
16-20 ha (40-50 acres). The processing plant itself would require from 
280 to 920 m2 (3,000-10,000 ft 2 ). Highway, rail, and barge access would 
be needed. 

Work Force--Approximately 50 workers would be employed for plant 
operation. 

Operating Procedures--The coal tar is heated to a desired level in 
which the lighter fractions are removed. 
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Discharges--The waste stream could contain oxygen-demanding wastes,
suspended solids, heavy metals, metal oxides, aliphatic halides, alkyl-
benzene, amines, ammonia, arenes, benzene, carboxylic acid, chlorinated
aromatics, cyclic aliphatics, ether, ketone, phenols, and sulfuric acid.
Special handling procedures would be required for both liquid and solid
wastes to assure that significant amounts of toxic and hazardous substances
from this source do not reach watercourses or contaminate goods produced at
the park. There would probably be no discharges. Odors could be generated.

4.2.3.12 Adhesives

Industrial and household adhesives, including glue, caulking compounds,
sealants, and rubber cements from vegetable, animal, or synthetic materials,
would be manufactured. The adhesives would then be sold to various
industries such as tape producers and carpet manufacturers. The following
information applies to a plant operating on a single shift, producing
8 million kg (18 million lbs) of adhesives annually.

Physical Facilities--Approximately I ha (2 acres) of land would be
required for a plant occupying 1900 m2 (20,000 ft 2 ).

Work Force--About 25 employees would be needed for plant operation.

Operating Procedures--The operation of an adhesives plant would
depend on the type of adhesive being produced. For latex adhesives,
bales of rubber would be cut into thin sheets and milled with chemical
additives. Softeners, in the form of plasticizers, and polyvinyl ace-
tate resins are added and mixed. Chlorinated solvents are added, and
the material is agitated.

Discharges--Waste streams would vary according to the type of adhe-
sive being produced. Process liquids could contain suspended solids, dis-
solved solids, oil and grease, oxygen-demanding wastes, vinyl alcohols,
polyvinyl acetate, dextrins, and caustics. Effluents would require special
handling and treatment in lieu of discharge to assure that significant
amounts of toxic and hazardous substances from this source do not reach
watercourses or contaminate products produced at the park. Manufacturing
processes. could produce odors.

Material Flows--Most of the raw materials and finished products would
be transported by truck. Raw materials would include rubber, zinc oxide,
crepe, paracoumarone resin, wood resin, and oil. Water consumption would
be about 190 I/min (50 gpm).

4.2.3.13 Leather Tanning and Products

These related industries would involve leather tanning as well as
manufacturing leather goods such as saddlery, riding tackle, embossed
leather goods, desk sets, razor straps, beltry, shoes, gloves, luggage,
and handbags.
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Discharges--The waste stream could contain oxygen-demanding wastes, 
suspended solids, heavy metals, metal oxides, aliphatic halides, alkyl
benzene, amines, ammonia, arenes, benzene, carboxylic acid, chlorinated 
aromatics, cyclic aliphatics, ether, ketone, phenols, and sulfuric acid. 
Special handling procedures would be required for both liquid and solid 
wastes to assure that significant amounts of toxic and hazardous substances 
from this source do not reach watercourses or contaminate goods produced at 
the park. There would probably be no discharges. Odors could be generated. 

4.2.3.12 Adhesives 

Industrial and household adhesives, including glue, caulking compounds, 
sealants, and rubber cements from vegetable, animal, or synthetic materials, 
would be manufactured. The adhesives would then be sold to various 
industries such as tape producers and carpet manufacturers. The following 
information applies to a plant operating on a single shift, producing 
8 million kg (18 million lbs) of adhesives annually. 

Physical Facilities--Approximately 1 ha (2 acres) of land would be 
required for a plant occupying 1900 m2 (20,000 ft 2). 

Work Force--About 25 employees would be needed for plant operation. 

Operating Procedures--The operation of an adhesives plant would 
depend on the type of adhesive being produced. For latex adhesives, 
bales of rubber would be cut into thin sheets and milled with chemical 
additives. Softeners, in the form of plasticizers, and polyvinyl ace
tate resins are added and mixed. Chlorinated solvents are added, and 
the material is agitated. 

Discharges--Waste streams would vary according to the type of adhe
sive being produced. Process liquids could contain suspended solids, dis
solved solids, oil and grease, oxygen-demanding wastes, vinyl alcohols, 
polyvinyl acetate, dextrins, and caustics. Effluents would require special 
handling and treatment in lieu of discharge to assure that significant 
amounts of toxic and hazardous substances from this source do not reach 
watercourses or contaminate products produced at the park. Manufacturing 
processes could produce odors. 

Material Flows--Most of the raw materials and finished products would 
be transported by truck. Raw materials would include rubber, zinc oxide, 
crepe, paracoumarone resin, wood resin"agd oil. Water consumption would 
be about 190 l/min (50 gpm). 

4.2.3.13 Leather Tanning and Products 

These related industries would involve leather tanning as well as 
manufacturing leather goods such as saddlery, riding tackle, embossed 
leather goods, desk sets, razor straps, beltry, shoes, gloves, luggage, 
and handbags. 
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Physical Facilities--Leather tanning facilities would require about
0.4 ha (1 acre) of land and a building with 1700 m2 (18,000 ft 2 ) of floor
space. Land requirements for leather products manufacturing range from
less than 0.04 ha (0.1 acre) for handbags to 4-6 ha (10-15 acres) for
luggage manufacturing. Buildings range from 55 m2 (600 ft 2 ) to 13,000 m2

(140,000 ft 2 ).

Work Force--A listing of employees according to skill levels is as
follows:

Skilled: 2 (women's handbags) to 18 (luggage)
Unskilled/semiskilled: 2 (handbags) to 142 (luggage)
Indirect: 1 (handbags) to 15 (luggage or gloves)
TOTAL: 5 (handbags) to 175 (luggage)

Operating Procedures--For leather tanning, a chrome bath process
would be used. Raw stock (light cattle hides) would be shipped in and
processed by drying, soaking, liming, dehairing, fleshing, scudding,
rounding, deliming, and bathing. For leather products finished hides
are brought into the plant where they are trimmed, shaped, tooled, or
decorated.

Discharges--For leather tanning, wastewater could contain varying
concentrations of acidity, alkalinity, color, total solids, suspended
solids, BOD, chloride, chromium, ammonia, organic nitrogen, total nitrogen
sulfide, sulfate, polysaccharides, and tannin. Wastewater from leather
products would be cleaning water. Solid wastes consist mostly of pieces
of leather and wastewater treatment sludges. Finish residues, slurries
containing 10 to 50 percent solids, and screenings could contain lime,
copper, lead, zinc, chromium compounds, pieces of leather, hair and other
protein-like substances. Floor sweepings are another source of process
solid wastes and include twine, salt, and general plant debris. The
primary source of solid waste for leather goods manufacturing would be from
the trimmings of the finished hides. Office solid waste would be generated.
Odors could be generated by tanning processes, but no unusual odors would
be expected from the manufacturing of leather goods. Special care would
be necessary to assure that significant amounts of toxic and hazardous
substances from this source do not reach watercourses or contaminate
products produced at the park.

4.2.3.14 Concrete Products

These industries would manufacture a variety of concrete products,
including building block and brick, pipe, columns, joists, and tile from
a combination of cement and aggregate.

Physical Facilities--Land requirements for concrete block and brick
manufacturing would be about 2 ha (5 acres). The production building would
be a single-story structure with about 185 m2 (2,000 ft 2 ) of floor~s~ace.
Miscellaneous concrete products manufacturing would require a 2200 m
(24,000 ft 2 ) building and approximately 3 ha (7 acres) of land.
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Physical Facilities--Leather tanning facilities would require about 
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Operating Procedures--For leather tanning, a chrome bath process 
would be used. Raw stock (light cattle hides) would be shipped in and 
processed by drying, soaking, liming, dehairing, fleshing, scudding, 
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These industries would manufacture a variety of concrete products, 
including building block and brick, pipe, columns, joists, and tile from 
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Work Force--Less than 10 workers would be required for operations
for block and brick manufacturing. Miscellaneous products require a work
force of 30 employees.

Operating Procedures--Raw materials are mixed, poured into forms,
allowed to set, and then removed and allowed to cure.

Discharges--Wastewater could include phosphorus, calcium, magnesium,
and suspended solids (concrete particles that came from the curing process).
There would also be dust emissions during materials handling. Office-
related solid waste would also be produced.

Material Flows--Raw materials would include cement, gravel, sand,
and water. Most of the materials would be transported by truck, requir-
ing about 12 trips/day, although rail transportation may also be used.

Revenue Flows--Annual costs for materials would be about $100,000,
with an additional $50,000 for wages.

4.2.3.15 Electroplating

The electroplating industry involves nickel plating, plating with
other metals, and anodizing of various kinds of metals. Operation of a
typical plant would consist of one shift which requires a fairly high
percentage of skilled workers. The market is predominantly a local one,
but the industry has a wide range of users. Therefore, developing areas
should be able to support a plant, and as demand grows, production can
be readily expanded at a small cost.

Physical Facilities--About 0.2 ha (1/2 acre.) of land would be
required. The building would be single-story with about 560 m2 (6,000
ftz)

Work Force--About 15 employees, with at least 5 skilled workers,
would be needed.

Operating Procedures--Raw materials are brought in, cleaned, and
stripped. The metals are then polished, anodized, and finished or
plated, polished, and finished. The finished products are stored for
shipping.

Discharges--Wastes from the electroplating industry could include
water pollution control sludges, process chemical wastes such as copper,
nickel, chromium, zinc, cyanide, fluoride, cadmium, lead, iron, tin, and
phosphorus; grinding wastes; degreaser sludges; and salt precipitates from
electroless nickel bath regeneration. These would probably not be
discharged. Special care would be necessary to assure that significant
amounts of toxic and hazardous substances from this source do not reach
watercourses or contaminate products produced at the park.

Material Flows--Direct materials would include nickel sulfate, nickel
chloride, boric acid, anodizing dyes, packing materials, and miscellaneous
maintenance supplies.
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Work Force--Less than 10 workers would be required for operations 
for block and brick manufacturing. Miscellaneous products require a work 
force of 30 employees. 

Operating Procedures--Raw materials are mixed, poured into forms, 
allowed to set, and then removed and allowed to cure. 
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There would also be dust emissions during materials handling. Office
related solid waste would also be produced. 

Material Flows--Raw materials would include cement, gravel, sand, 
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plated, polished, and finished. The finished products are stored for 
shipping. 

Discharges--Wastes from the electroplating industry could include 
water pollution control sludges, process chemical wastes such as copper, 
nickel, chromium, zinc, cyanide, fluoride, cadmium, lead, iron, tin, 'and 
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Material Flows--Direct materials would include nickel sulfate, nickel 
chloride, boric acid, anodizing dyes, packing materials, and miscellaneous 
maintenance supplies. 
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4.2.3.16 Wood Preserving

Wood that has already been sawed or planed would be treated for
protection against decay, fire, and insects.

Physical Facilities--Approximately 10 ha (25 acres) of land would be
required for a plant occupying 4650-9300 m 2 (50,000-100,000 ft 2 ). Highway
and rail access would be needed.

Work Force--About 35 employees, including 10 skilled workers, would
be needed for plant operation.

Operating Procedures--Cut timber would be treated under pressure with
creosote, penta, or other chemical preservatives. These preservatives
would be recycled with no discharge.

Discharges--Since a closed system would be used, effluents would be
limited to accidental discharges of preservatives. Process water could
contain phenols, oil and grease, oxygen-demanding wastes, dissolved and
suspended solids, phosphorus, ammonia, copper, chromium, zinc, arsenic,
and fluorides. Solid waste could include bottom sediment sludge as well
as wood scraps if poles, posts, or pilings are cut onsite. Odors could
be generated. Special care would be necessary to assure that significant
amounts of toxic and hazardous substances from this source do not reach
watercourses or contaminate products produced at the park.

4.2.3.17 Truck and Bus Bodies

Truck and bus bodies would be manufactured for sale separately or
for assembly on purchased chassis.

Physical Facilities--About 4 ha (10 acres) of land would be needed;
the building would contain approximately 2800 m2 (30,000 ft 2 ) of floor
space. Highway and rail access would be required.

Work Force--About 200 employees would operate the plant. This would
include 70 skilled workers, 80 semiskilled and unskilled laborers, and
50 indirect workers.

Operating Procedures--Materials are cut according to patterns,' fitted,
and posts connected. Bodies would be painted and undercoated, with interiors
finished to specification. The bodies may then be shipped or may be mounted
on chassis before shipment.

Discharges--Suspended solids, oxygen-demanding wastes, phenols, phos-
phorus, chromium, iron, lead, aluminum, zinc, oil, and grease could be
present in process and clean-up water. Solid waste would include scraps
not sorted and sold, paint, spent solvents, and office-related waste.
Odors could result from the process. Special care would be necessary to
assure that significant amounts of toxic and hazardous substances from
this:source do not reach watercourses or contaminate products produced
at the park. .
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4.2.3.16 Wood Preserving 

Wood that has already been sawed or planed would be treated for 
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be needed for plant operation. 

Operating Procedures--Cut timber would be treated under pressure with 
creosote, penta, or other chemical preservatives. These preservatives 
would be recycled with no discharge. 
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Truck and bus bodies would be manufactured for sale separately or 
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the building would contain approximately 2800 m2 (30,000 ft!) of floor 
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Work Force--About 200 employees would operate the plant. This would 
include 70 skilled workers, 80 semiskilled and unskilled laborers, and 
50 indirect workers. 
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and posts connected. Bodies would be painted and undercoated; with inter~ors 
finished to specification. The bodies may then be shipped or may be.mpunted 
on chassis before· shipment. 
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phorus, chromium, iron, lead, alUminum, zinc, oil, and grease could be 
present in process and clean-up water. Solid waste would include scraps 
not sorted and sold, paint, spent solvents, and office-related waste. 
Odors could result from the process.· Special care would be necessary to 
assure that significant amounts of toxic and hazardous substances from 
this source do not reach watercourses or contaminate products produced 
at the park. 
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Material Flows--Aluminum, steel beams and posts, hardware, wheels,
paint, and undercoatings would be transported to the plant, primarily by
truck. Finished products would be shipped out by truck or rail.

4.2.3.18 Distillation of Industrial Alcohol

The industry would produce ethanol from fermentable vegetables (proba-
bly milo or corn) for gasohol. Yearly production would be 190 million
liters (50 million gal) of ethanol. One hectoliter of vegetables would
yield 31 liters (1 bu: 2.9 gal) of ethanol. The following description
applies to 190 million 1 (50 million gal)/year. Any increase in produc-
tion would result in a corresponding increase in facilities.

Physical Facilities--The plant would require about 20 ha (50 acres)
for laboratory, administration, and other support facilities. Highway,
rail, and barge access would be needed.

Work Force--A total of 120-125 employees would be needed. The plant
would be operated 24 hours/day with three 8-hour shifts.

Operating Procedures--For grain, kernels would be loosened by steep-
ing, then ground into meal. Further grinding would separate the starch
and gluten, then the starch would be dried and cooked. The fermentation
of other vegetables would be aided by cooking. After cooling, enzymes
would be added to promote the conversion to glucose. Yeast would then
be added to produce ethanol, which would undergo two distillation proc-
esses. The ethanol would be denatured by adding a contaminant such as
gasoline or ketone; and as a final step, would be inspected before being
shipped. Stillage, the nonfermentable residue, could be dried and used
as a high-protein component in animal feed. Noncontact use of the waste
heat would occur throughout the process, but temperatures would require
augmentation.

Discharges--Grinding operations would produce some air emissions,
but these could be controlled. Wastewater could contain yeast, carbohy-
drates, oxygen-demanding wastes, benzene, and hydrocarbons. Most of the
treatment can be provided in settling ponds. Special care would be neces-
sary to assure that significant amounts of toxic and hazardous substances
from this source do not reach watercourses or contaminate products produced
at the park. Solid wastes would include husks and stems, which could be
recycled for use as fertilizer, and a small quantity of office waste.
Odors could be generated.

Materials Flow--Vegetables, a denaturing agent such as gasoline or
ketone, enzymes, yeast, and a water supply of 265-380 I/min (70-100 gpm)
would be required. Ethanol would be shipped primarily to local markets
via tanker truck, rail, or barge. Special handling procedures would be
required for the denaturing agent and the ethanol.

Revenue Flows--Construction would cost approximately $70 million.
Annual operating costs would be $80 million. Income would probably be
dependent on gasoline prices.
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would be added to promote the conversion to glucose. Yeast would then 
be added to produce ethanol, which would undergo two distillation proc
esses. The ethanol would be denatured by adding a contaminant such as 
gasoline or ketone; and as a final step, would be inspected before being 
shipped. Stillage, the nonfermentable residue, could be dried and used 
as a high-protein component in animal feed. Noncontact use of the waste 
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but these could be controlled. Wastewater could contain yeast, carbohy
drates, oxygen-demanding wastes, benzene, and hydrocarbons. Most of the 
treatment can be provided in settling ponds. Special care would be neces
sary to assure that significant amounts of toxic and hazardous substances 
from this source do not reach watercourses or contaminate products produced 
at the park. Solid wastes would include husks and stems, which could be 
recycled for use as fertilizer, and a small quantity of office waste. 
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Materials Flow--Vegetables, a denaturing agent such as gasoline or 
ketone, enzymes, yeast, and a water supply of 265-380 l/min (70-100 gpm) 
would be required. Ethanol would be shipped primarily to local markets 
via tanker truck, rail, or barge. Special handling procedures would be 
required for the denaturing agent and the ethanol. 
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TABLE 4.2-1

APPROVED PESTICIDES AND FUNGICIDES
USED IN ORNAMENTAL GREENHOUSES'

Insecticide

Acephate (Orthene)
Aldicarb (Temik)

*Bacillus Thuringiensis
(Thuricide HPC, Dipel, Biotrol)
Carbaryl (Sevin)
Demeton (Systox)

*Diazinon
*Dichlovos (DDVP, VAPONA)

*Dicofol (Kelthane)
Dimethoate (Cygon)
Disulfoton (Di-,syston)

*Endosulfan (Thiodan)
Fenthion (Baytex)
Guthion

*Malathion
*Metaldehyde

*Lannate Methoxychlor
Oxydemeton Methyl (Meta-Systox R)
Mexacarbate (Zectran)
Morestan

*Naled (Dibrom)

*Nicotine (Nicofume Liquid)
Parathion
Pentac
Pirimicarb (Pirimor)
Resmethrin (SPB-1582)
TEPP
Tetradition (Tedion)
Trichlorfon (Dylox)

Formulation

75 SP
10% granular
liquid

50% WP
28.5% EC
50% WP
81% EC

18.5% EC
30.5% EC
15% granular

25% WP
46% EC
22.2% EC
50% EC
90% SP bait

Rate of Formulation/Acre 2

300 g (2/3 lb)
567-1134 g (20-40 oz)
2 qt

454 g (1 ib)
0.2-0.5 1 (1/2 to 1 pt)
908 g (2 lb)
vaporize 1 kg/1000 m3 )

(I oz/1000 ft 3 )
0.5 1 (1 pt)
0.7 1 (1-1/2 pt)
6-12 kg/1000 m2

(20-40 oz/1000 ft 2 )
454 g (I lb)
0.9 1 (2 pt)
0.9 1 (2 pt)
0.7 1 (1-1/2 pt)
varies (use label rate)

227-454 g (1/2 to 1 lb)
0.9-1.4 kg (2-3 lb)
0.7 1 (1-1/2 pt)
0.9-1.4 kg (2-3 lb)
454 g (I lb)
vaporize 1 kg/10,000 m3

(1 oz/10,000 ft 3 )
follow label
681 g (1-1/2 lb)
681 g (1-1/2 lb)
113-227 g (1/4 to 1/2 lb)
0.5-0.9 1 (1 to 2 pt)
0.2 1 (1/2 pt)
454 g (I lb)
681 g (1-1/2 lb)

50%
25%
25%
25%
60%

WP
SC
WP
WP
EC

40%
15% WP
50% We
50% WI
24.5% EC
20% EC
25% WP
50% SP

Fungicides

*Benomyl (Benlate) 50% WP
*Captan 50% WP
*Chlorthalonil (Bravo Daconil) 6F

Dexon 35% WP
*Dinocap (Karathane) 18% WP
*DCNA (Botran) 75% WP
*Maneb 80% WP

Terrazole (Truban) 35% WP

IPesticides with an asterisk may also be used
2Rate per acre unless specified otherwise.

227-454 g (1/2 to I lb)
227-908 g (1/2 to 2 lb)
227-1362 g (1 to 3 lb)
227 g (1/2 lb)
113-227 g (1/4 to 1/2 lb:
454-1210 g (I to 2-2/3 11
1.36 kg (3 lb)
113 g (4 oz)

on certain vegetable crops.
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TEPP 
Tetradition (Tedion) 
Trichlorfon (Dylox) 

Fungicides 

*Benomyl (Benlate) 
*Captan 
*Chlorthalonil (Bravo Daconil) 

Dexon 
*Dinocap (Karathane) 
*DCNA (Botran) 
*Maneb 

Terrazole (Truban) 

Formulation 

75 SP 
10% granular 
liquid 

50% WP 
28.5% EC 
50% WP 
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454 g (1 lb) 
0.2-0.5 1 (1/2 to 1 pt) 
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0.5 1 (1 pt) 
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0.9 1 (2 pt) 
0.9 1 (2 pt) 
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227-454 g (1/2 to 1 lb) 
0.9-1.4 kg (2-3 Ib) 
0.7 1 (I-1/2 pt) 
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0.5-0.9 1 (1 to 2 pt) 
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lpesticides with an asterisk may also be used on certain vegetable crops. 
2Rate per acre unless specified otherwise. 
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TABLE 4.2-2

LIVESTOCK HOUSING AND BIOLOGICAL RECLAMATION
COMPONENTS SIZES: FLOW 9500 1/MIN (2500 GPM)

Component Number
of animals

Finishing 1,000

Farrowing (sows) 500

Nursery 300

Subtotal 1,800

Fish Ponds 280,000

Chestnut Beds

Fingerlings Supply 817,000

Anaerobic Digester

Volume = 225 m3 (9000 ft 3 )

Gas = 2400 m3 /day (84,600 ft 3 /day)

Btu = 5 x 10 7 /day @ 60% methane

Service Area and Roads

Total Area

Grand Total

Yield kg (lbs)

54,500 (120,000)

68,100 (150,000)

5,500 ( 12,000)

128,000 (282,000)

95,300 (210,000)

408,000 (900,000)

18,200 ( 40,000)

Area Required
m2 (ft 2 )

929 (10,000)

557 (6,000)

186 ( 2,000)

1672 (18,000)

14 ha (35 acre)

12 ha (30 acre)

650 (7,000)

21 (225)

1.8 ha (4.5 acre)

26.5 ha (65.5 acre)

28.3 ha (70.0 acre)
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Table 4.2-3.

CHARACTERISTTCS OF INDUSTRIAL USERS

Southeast
Average Production
Annual Needed

Water Intake (Billion Gallonsfv:)e

National Growth

SIC Industry Waea

2011

2016

2034

2035

2047

2048

2065

2066

2067

2075

2092

2098

Meat packing

Poultry dressing

Dehydrated fruits,
vegetables, soups

Pickles, sauces, and
salad dressings

Dog, cat, and other
pet food

Prepared feeds

Confectionary products

Chocolate and cocoa
products

Chewing gum

Soybean products

Fish processing

Macaroni and spaghetti

13,260

7,120

11,361

10,246

12,753

11,800

9,377

12,371

11,359

13,455

7,013

11,277

10,142

($1,000)b

87,418

-1,384,405

114,829

67,152

296,772

-64,932

196,834

NA

44,054

21,781

NA

NA

HIistoricc

23,003.4; 21,437.6; 22,994.1;

21,467.0; 24,614.4

3,254.1; 2,942.9; 3,390.7;
3,225.8; 3,726.3

607.3; 602.4; 671.4; 684.7;
759.4

1,166.7; 1,144.0; 1,102.6;
1,104.5; 1,119.3

1,401.9; 1,723.4; 1,565.7;
1,659.1; 1,908.4

5,037.1; 4,225.1; 4,751.8;
4,711.5; 4,708.1

2,472.5; 2,568.4; 2,674.4;
2,379.2, 2,429.2

735.5; 790.6; 787.0; 719.7;
746.9

382.6; 404.2; 373.6; 303.0;
326.3

3,357.2; 2,676.6; 4,089.5;
4,076.2; 4,385.0

1,084.4; 1,059.9; 1,107.9;
1,092.3; 1,170.4

348.3; 348.5; 350.0; 339.0;
370.8

Projectedd

1.5

3.0

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Total
Water

Intake

69.3

28.5

6.3

2.7

2.7

2.6

NA

9.0

NA

16.0

2.7

0.1

0.3

Fresh Water
Cooling, and

Total Process Condensing

68.1 36.1 D

28.5. 22.8 D

D 5.3 D

D D D

2.7 1.4 D

2.6 0.5 1.9

D D D

NA NA NA

16.0 0.6 D

2.2 1.9 0.1

0.1 0.1 -

0.3 D D

Other "includes
Boiler Feed and

Sanitary Service)

9.3

3.5

D

0

D

0.2
D

11;A

D

0.2

Electric
LEnergy Use/

Employee

(000 kWh)f

22.55

18.21

34.06

12.87

45.31

34.89

18.43

35.63

15.22

139.94

14.21

33.93

14.242491 Wood preserving NA 475.8; 448.1; 607.0; 525.7;
474.6

aU.S. Department of Labor, Bureau of Labor Statistics.
Estimated by Office of Community Development, TVA.

cValue of Industry Shipments, Millions of Constant 1972 Dollars (yearly data, 1972-1976), U.S. Industrial Outlook, 1979.

dReal Growth Percent Change, 1978-1983, U.S. Industrial Outlook, 1979 (1978 dollars).

e,
"Water Use in Manufacturing," 1972 Census of Manufactures, Table 3A.

f"Fuels and Electric Energy Consumed," Annual Survey of Manufactures, 1976.

NA - not available
D - data withheld to avoid disclosure
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C~~CTERISTTCS OF I~~USTRIAL USERS 

SOlitheast Water Intake (Billion Gallons/v:)e Electric 
Average Production Total Fresh Water athe:- ': includes L:ergy Use! 
Annual }ieeded National Growth Water Cooling and Boiler Feed and Employee 

SIC Industr"J ~~~ ($J ,000)b Historic c Projectedd Intake Total Process ----- Condensing Sanita:-y Service) (000 klo.'h/ 

2011 ~Iea t packing 13,260 87,418 23,003.4; 21,437.6; 22,994.1; 1.5 69.3 68.1 36.1 D 9.3 22.55 
21,467.0; 24,614.4 . 

2016 Poultry dres~ing 7,120 -1,384,405 3,254.1; 2,942.9; 3,390.7; 3.0 28.5 28.5 22.8 D 3.5 18.21 
3,225.8; 3,726.3 

2034 Dehydrated fruits, 11,361 114,829 607.3; 602.4; 671.4; 684.7; NA 6.3 D 5.3 D D 34.06 
vegetables, soups 759.4 

2035 Pickles, sauces, and 10,246 67,152 1,166.7; 1,144.0; 1,102.6; NA 2.7 D D D D 12.87 
salad dressings 1,104.5; 1,119.:~ 

2047 Dog, cat, and other 12,753 296,772 1,401.9; 1,723.1lj 1,565.7; NA 2.7 2.7 1.4 D D 45.31 
pet food 1,659.1j 1,908.4 

2048 Prepared feeds 11 ,800 -64,932 5,037.1; 4,225.1; 4,751.8; NA 2.6 2.6 0.5 1.9 0.2 34.89 
4,711.5; 4,708.1 

2065 Confectio nary products 9,377 196,834 2,472.5; 2,568.4; 2,674.4j NA NA 18.43 
..,.. 2,379.2, 2,429.2 
1.0 

2066 Chocolate and cocoa 12,371 NA 735.5j 790.6; 787.0; 719.7; NA 9.0 D D D D 35.63 
products 746.9 

2067 Chewing gum 11,359 44,054 382.6j 404.2; 373.6; 303.0; NA NA NA NA NA .NA 15.22 
326.3 

2075 Soybean products 13,455 21,781 3,357.2; 2,676.6j 4;089.5j NA 16.0 16.0 0.6 D D 139.94 
4,076.2; 4,385.0 

2092 Fish processing 7,013 NA 1,084.4; 1,059.9; 1,107.9; NA 2.7 2.2 1.9 0.1 0.2 14.21 
1,092.3j 1,170.4 

2098 ~!acaroni and spaghetti 11,277 NA 348.3; 348.5; 350.0j 339.0; NA 0.1 0.1 0.1 33.93 
370.8 

2491 Wood preserving 10,142 NA 475.8; 448.1; 607.0; 525.7; NA 0.3 0.3 D D D" 14.24 
474.6 

aU.S. Department of Labor, Bureau of Labor Statistics. 
bEstimated by Office of Community Deve1opme.nt, TVA. 
cValue of Industry Shipments, Millions of Constant 1972 Dollars (yearly data, 1972-1976) , u.S. Industrial Outlook, 1979. 
dReal Growth Percent Change, 1978-1983, U.S. Industrial Outloo~, 1979 (1978 dollars). 
e"Water Use in Manufacturing," 1972 Census of Nanufactures, Table 3A. 
f"Fuels and Electric Energy Consumed," Annual Survey of Manufactures., 1976. 
NA - not available 
D - data withheld to avoid disclosure 



Table 4.2-3. (Continued)

sic

2833

2865

2891

3111

3151

, 3161
)

3171

3199

3271

3272

3471

Industry

Medicinals and
botanicals

Cyclic crudes and
intermediates

Adhesives and sealants

Leather tanning and
finishing

Leather gloves and
mittens

Luggage.

Handbags and purses

Leather goods

Concrete block and
brick

Concrete products

Plating and polishing

Average
Annual

Wage a

18,411

18,040

14,296

10,802

6,314

8,121

6,921

7,474

11,016

11,377

10,178

Southeast
Production

Needed

($1, 0 0 0 )b

NA

NA

NA

KA

17,572

31,070

18,090

NA

-15,801

NA

NA

Historicc

509.0; 647.1; 874.1; 930.4;
1,148.0

2,049.6; 2,358.0; 1,948.2;
1,777.2; 2,086.4

928.0; 1,099.6; 1,113.3;
944.5; 1,008.0

1,059.5; 955.4; 999.5
1,032.9; 1,003.8

98.2; 107.0; 138.3; 102.8;
105.1

364.5; 396.6; 381.7; 365.3;
412.9

365.0; 348.3; 346.7; 441.4;
485.2.

161.3, 166.6; 161.6; 188.6;
191.3

855.7; 863.3; 759.2; 758.1;
774.0

1,961.4; 2,071.1; 1,878.0;
1,723.4; 1,688.6

1,034.5; 1,208.1; 1,183.7;
1,092.8; 1,264.8

Water Intake (Billion Gallons/yr)1
Total Fresh Water Other (includes
Water Cooling and Boiler Feed andNational Growth

Projectedd

5.0

4.4

NA

-2.0

1.4

1.5

-2.2

NA

2.4

3.5

NA

Intake

19.0

91.2

6.5

7.6

NA

NA

NA

NA

0.4

0.7

11.6

Total

19.0

86.7

6.5

D

NA

NA

NA

NA

0.4

0.7

D

Process Condensing Sanitary Service)

2.6 D D

14.3 65.3 7.0

1.1 4.4 0.9

D D D

NA NA NA

NA NA NA

NA NA NA

NA NA NA

0.3 - 0.1

0.4 - 0.2

D D D

Elect rC c
Energy Use/

Employee

(000 kWh)f

52.79

176.67

23.34

16.16

3.32

7.32

7.35

6.21

19.45

10.98

24.26

3713 Truck and bus bodies 12,243 NA 1,564.4; 1,570.7; 1,304.3;
1,383.1; 1,724.9

3.1 D D D D D . 7.95
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Southeast Water Int.1ke (Billion Gallolls/yr)e Elcctrlc 
Average Production Total Fresh Water Other (includes Energy Lse/ 
Annual Needed National Growth water Cooling and Boiler Feed ae,a Employee 

SIC Industa ~ (Sl
I
000)b Historic c Projectedd Intake Total Process Condensing Sanitarl Service) (000 kll'h/ 

2833 !-!edicinals and 18,411 NA 509.0; 647.1; 874.1; 930.4; 5.0 19.0 19.0 2.6 D D 52.79 
botanicals 1,148.0 

2865 Cyclic crudes and 18,040 NA 2,049.6; 2,358.0; 1,948.2; 4.4 91.2 86.7 14.3 65.3 7.0 176.67 
intermediates 1,777.2; 2,086.4 

2891 Adhesives and sealants 14,296 SA 928.0; 1,099.6; 1,113.3; NA 6.5 6.5 1.1 4.4 0.9 23.34 
944.5; 1,008.0 

3111 Leather tanning and 10,802 NA 1,059.5; 955.4; 999.5 -2.0 7.6 D D D D 16.16 
finishing 1,032.9; 1,003.8 

3151 Leather gloves and 6,314 17,572 98.2; 107.0; 138.3; 102.8; 1.4 NA NA NA NA NA 3.32 
Itittens 105.1 

" 3161 :t.:ggage, 8,121, 31,070 364.5 ; 396.6; 381. 7; 365.3; 1.5 SA NA NA NA NA 7.32 
) 412.9 

3171 Handbags and' purses 6,921 18,090 365.0; 348.3; 346.7; 441.4; -2.2 NA NA ~A NA NA 7.35 
485.2, 

3199 leather goods 7,474 XA 161.3, 166.6; 161. 6; 188.6; NA NA NA NA NA NA 6.21 
191. 3 

3271 (C'ncrete block and 11 ,016 -15,801 855.7; 863.3; 759.2; 758.1; 2.4 0.4 0.4 0.3 0.1 19.45 
brick 774.0 

3272 Concrete products 11,377 ~A 1,961.4; 2,071.1; 1,878.0; 3.5 0.7 0.7 \l.4 0.2 10.98 
1,723.4; 1,688.6 

34il Plating and polishing 10,178 NA 1,034.5 ; 1,208.1; 1,183.7; NA 11.6 D D D D 24.28 
1,092.8; 1,264.8 

3713 Truck and bus bodies 12,243 YA 1,564.4; 1,570.7; 1,304.3; 3.1 D D D D D 7.95 
1,383.1; 1,724.9 



TABLE 4.2-4

PHYSICAL FACILITIES FOR SOYBEAN PROCESSING PLANT
AT 1814 TONNES (2000 TONS) SOYBEANS PER DAY

Preparation House

Extraction Plant (Solvent)

Meal Bagging and Shipping Section

Meal Storage

Boiler House, Machine Shop,
Storeroom and Office

Locker Room and Shower House

Area
m2 (ft 2 )

1,015 (10,920)

605 ( 6,510)

334 ( 3,600)

290 ( 3,120)

1,171 (12,600)

139 ( 1,500)

3,553 (38,250)
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4.3 EVALUATION OF IMPACTS ASSOCIATED WITH ALTERNATIVES

4.3.1 No Action

The no-action alternative would result in no near-term change in the
status of the land now proposed for waste heat park use. This would make
the property available for other TVA applications including future require-
ments for plant support facilities. If nonplant-related applications were
permitted within the reservation boundary, the development of a multiple-
use complex using conventional energy sources could be feasible. A park
using conventional energy sources would generate impacts at the site and
fuel cycle impacts offsite from using the alternative energy source in
addition to the same impacts as those assessed for the waste heat park.
This would also increase the consumption of existing fuel supplies. No
action would also eliminate the environmental benefit of reducing the
total thermal discharge from Watts Bar Nuclear Plant.

The most significant result of the no-action alternative would be
the delay of development of waste heat as an energy source.

4.3.2 Alternative Sites

Potential impacts of waste heat park development at alternate sites
are summarized in Table 4.3-1. For this summary, only the land area
within plant reservation boundaries has been evaluated for development
because of the necessity of locating a waste heat park near the waste
heat source. Any additional land requirements would increase the likeli-
hood of environmental impacts to a limited degree, and such land acquisi-
tion would be addressed in greater detail when it was proposed.

Many impacts are similar regardless of location. However, differences
in potential radiological impacts of boiling water reactors (BWR) and
pressurized water reactors (PWR) exist, because of the operation and steam-
supply design of these systems. Also, the types of emissions control and
site-specific meteorology will significantly influence the extent of these
impacts. The material selected for this evaluation utilizes identical
meteorological information and an operational efficiency of 80 percent
for all facilities so that variables other than design differences can
reasonably be eliminated.

The information presented in Table 4.3-2 indicates the order of magni-
tude of potential doses to waste heat park tenants and includes the type
of reactor and the assumed radionuclide releases for each system. Doses
reported should not be interpreted as being directly applicable for waste
heat facilities, as all of the pathways considered are most unlikely. This
evaluation is presented to provide an understanding of the different para-
meters to be considered and the characteristics of the different power
generating systems.
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In the Case 4 analysis the PWR emissions for iodine are less than
those from the BWR while the noble gas emissions are greater. The result
is that the doses from the BWR exceed those associated with the PWR. In
addition, the BWR and PWR doses are presented when the 100 meter (m) stack
is employed. It is apparent that with comparable gaseous release systems
(e.g., a 100 m stack) the doses associated with a BWR facility will exceed
those from a PWR.

It should be noted that the methodology used in the reference document(l)
is considered by TVA to be "conservatively realistic" due to the tendency to
overestimate the quantity of radioactive material released in the effluents.
Furthermore, it is believed that dose estimates associated with PWR gene-
rating facilities have an additional conservative element inherently present
in the model because releases from vents were not credited as being elevated
releases even during periods of relative atmospheric stability.

4.3.3 Alternative Management

If exercised in a manner other than that proposed, the various options
presented within this alternative (see Section 2.3)--the entity responsible
for park development and waste heat use demonstration, land conveyance
methods, management requirements, and pricing policy considerations--could
result in less than optimum utilization of the waste heat resource through
reduced local participation, fewer sources of funding, and pricing that
might discourage user participation in a proof-of-concept venture. No
environmental advantages could be identified for any of the rejected
options.

4.3.4 Waste Heat Park at Watts Bar

A detailed evaluation of the impacts of this alternative is presented
in Appendix B. The locations of significant features discussed in the
following text are shown in Figure 4.3-1.

4.3.4.1 Site Development

No significant impacts to geologic features or to existing site
facilities are expected, especially since a large portion of the site has
already been disturbed.

Best management practices will be employed by PMO and industries
during site preparation to minimize soil losses due to erosion. Material
useful as plant growth media will be segregated and stockpiled, then
redistributed for site landscaping.

Potential effects on normal operations of the nuclear plant would be
related to a minor change in the quality of the CCW and the increased
working force in proximity to the plant.
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Park occupants would be required to provide adequate treatment of
the CCW so that the water returned to the cooling system would be of
acceptable quality.

The Radiological Emergency Plan for the nuclear plant would have to
be revised to include provisions for the employees and activities of the
waste heat park. The potential for waste heat park-related accidents to
impact the safe operation of the nuclear plant will be evaluated by both
TVA and the NRC if appropriate at such time specific uses are identified.

4.3.4.2 Air Quality

The primary construction-related air quality impacts are associated
with fugitive dust resulting from grading and clearing operations and
from construction traffic. These should be temporary, and most of the
fugitive dust is expected to settle out within the plant site boundaries.
Wet suppression techniques, including periodic application of water on
unpaved access roads, will be employed to minimize the fugitive dust
associated with these activities.

Most of the atmospheric emissions associated with operational activi-
ties and facilities of potential users, of the size considered for the
waste heat park, are expected to*be small. In addition, most of the
processing activities would be regulated by process permit conditions.
Consequently, no significant air quality impacts resulting from these
emissions would be expected offsite. Qualitative assessments of the
potential air pollutant emissions associated with the various activities
are provided in Section B.2.2.1 of Appendix B.

Central coal-fired heat backup and heat augmentation systems at the
Watts Bar site are assumed as opposed to individual units for each park
user. Air quality modeling based upon "worst case" source engineering
data and estimated allowable emission rates suggests that existing PSD
class II S0 2 increments may be a limiting factor in locating these coal-
fired facilities at the site. A more detailed discussion of air quality
impacts from these facilities is presented in Section B.2.2.2 of Appendix B.

The potentially limited S0 2 increment availability at the Watts Bar
site could preclude use of coal-fired backup and heat augmentation facili-
ties at the park, and may preclude some types of industry, depending upon
their air emissions. Consequently, although development of a waste heat
park would not be precluded, certain types of industry could be precluded
from locating at the park.

Air pollutants produced during the operation of waste heat park
facilities will be regulated by NSPS, PSD permit specifications, and/or
process permit specifications. The various permit requirements will ensure
that air quality in the area is maintained at levels necessary to protect
public health and welfare. Consequently, additional mitigative measures
to protect air quality are not expected to be necessary during operation.

Operation of the waste heat park facilities will result in microcli-
matic modifications in an area which includes the meteorological monitoring
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facility for the nuclear plant. These modifications may include changes
in local wind speed and wind direction near the ground, changes in the
local thermodynamic stability of the atmosphere within about 100 m of
the ground, and changes in the amount of water vapor in the air near the
ground. Necessary modifications will be made to the existing meteoro-
logical monitoring program to ensure it continues to meet NRC requirements
after the park commences operation. Criteria for locating buildings and
conducting activities in the park will be established.

A more detailed discussion of air quality-related environmental con-
sequences at Watts Bar is presented in Section B.2 of Appendix B.

4.3.4.3 Hydrology and Water Quality

Hydrology -Waste heat park development will alter the present natural
drainage system within the site boundaries. Process water requirements
will have a negligible effect on the Tennessee River; however, if existing
wells are unable to meet the park's demand for potable water, additional
wells may have to be drilled. Careful selection of well locations will
be required to prevent impacting Yellow Creek impoundment which is fed
by onsite springs, and to minimize pumpage interference with the existing
potable water well field.

Water Quality--Existing thermal discharges from Watts Bar Nuclear
and Steam Plants under variable conditions from Watts Bar Hydroelectric
Plant will utilize most, if not all, of the maximum allowable temperature
rise in the Tennessee River when the waste heat park begins operation.
Also, at times in this reach of the river, natural temperatures exceeded
and background concentrations of dissolved oxygen were below existing water
quality criteria. Therefore, when users which could discharge signifi-
cant levels of additional heat and/or oxygen consuming pollutants are
proposed for the heat park, TVA will review their specific discharge
schemes. In addition, when park users which have the potential for
generating significant quantities of toxic pollutants or hazardous wastes
are proposed, a similar review will be conducted. These reviews will be
conducted under NEPA and TVA's implementing procedures, and if necessary,
conditions will be placed on easement agreements to protect the health
and.safety of the public, the environment, and other interests of the
United States. In addition, TVA will evaluate the effect of the proposal
on the nuclear plant condenser circulating water system. Necessary miti-
gative measures will be required as appropriate. However, the central
heat park (domestic sewage treatment, central back-up and heat augmenta-
tion, storm water management, domestic solid waste disposal, and process
water intake systems), greenhouse and soil warming, grain drying, and
concrete product facilities do not represent significant sources of these
pollutants and have been assessed with respect to water quality.

Potential impacts to water quality from these facilities could result
from the discharge of construction and operational wastewater and storm
water runoff, the instream dredging for the process water intake and dis-
charge structures, the storage of recyclable nutrient solutions, and the
disposal of solid waste, including pesticide and fungicide containers.
As previously specified for the other potential park users, mitigative
measures for these potential impacts will be required as appropriate.
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At a minimum, all wastewater will be treated as dictated by applicable
new source performance standards and/or water quality standards. Also,
the proposal for filling will be certified by the Tennessee Division of
Water Quality Control prior to the issuance of a dredge and fill permit
by the Army Corps of Engineers.

Specifically, during construction and operation of these facilities,
storm water runoff will be managed by the use of best management practices
which have been proven to be successful in limiting erosion and siltation
losses to the aquatic environment. The required instreamdredging should
not.significantly impact the water qualityof the river due to the short-
termand localized nature of the dredging, the characteristically gravel
.substrata of. the river in the vicinity of the site, and the volume of
*water available for dispersion of suspended sediments. Conventional solid
waste, if not recyclable, will be disposed of in a sanitary landfill.
.Pesticide and. fungicide containers will be.triple rinsed, with the rinse
water used as.make-up water,, and also disposed of in a sanitary landfill.
If oil or hazardous-substances are stored onsite, an environmental evalua-
tion will be. performed and a Spill Prevention Control and Countermeasure
(SPCC) plan will be developed and implemented for each storage facility
if determined necessary.

Greenhouse, soil warming, and grain drying facilities will not require
a discharge to surface waters. Nutrient solution storage lagoons will
probably be lined andground water quality may be monitored. Based on the
relatively small size of the units, the intermittent operational require-
ment, *the volume and characteristics of the heated discharges, and the
applicable new source performance standards, effluents from the central
back-up and heat augmentation system should not have a significant impact
on the Tennessee River. Fly ash, bottom ash, and scrubber sludge will
be disposed of in a manner designed to protect ground water quality con-
sistent with applicable State and Federal requirements. Discharges from
the other facilities (sewage treatment and concrete product) will have
an insignificant effect on the quality of the Tennessee River.

4.3.4.4 Health and Safety

4.3.4.4.1 Noise

Temporary increases in nearby community sound levels will occur from
construction work and from motor vehicle traffic.

Significant amounts of rock drilling and blasting are not anticipated.
As a consequence, park construction should have lesser offsite effect
than construction at Watts Bar Nuclear Plant had.

Operational noise will originate from truck deliveries, employee
work traffic, and processing equipment.

Although there are no local or Federal noise regulations applicable
to the Watts Bar Waste Heat Park at this time, park users will be required
to be in compliance with any future noise control regulations. A maximum
L of 65 dB or less at the park boundary is considered to be acceptable
a qthis time.
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The area surrounding major transportation routes to the waste heat
park are low density rural areas. Further, there will be less traffic
along these routes associated with the waste heat park (estimated to be
1100 employees for full development) than was present during peak nuclear
plant construction (approximately 3400 employees). Therefore no adverse
traffic noise impact is expected.

4.3.4.4.2 Radiological Considerations

Liquid and gaseous effluents from WBN are not expected to affect
the products from the waste heat park. Product sampling will be con-
ducted to confirm this expectation. Should this program reveal signi-
ficant impacts from WBN to these products, measures will be implemented
to restrict the production and use of the products as necessary.

4.3.4.4.3 Safety

As each potential user applies for park occupancy, TVA will evaluate
process details and corresponding health and safety hazards.

4.3.4.5 Terrestrial Ecology

The development of the proposed waste heat utilization facility could
eventually result in clearing or alteration of approximately 400 acres
of terrestrial habitat, much of which was previously disturbed by nuclear
plant construction. Depending upon the nature and type of waste heat
development on the western portion of the site, construction and opera-
tion of facilities could have an adverse impact on the adjacent Tennessee
Wildlife Resources Agency, Yellow Creek Wildlife Management Area.

A condition of the agreement between TVA and park management will
provide for the establishment of a buffer zone of riparian vegetation
between the waste heat park and Yellow Creek to preserve existing habi-
tats and isolate the Yellow Creek Wildlife Management Area from the
waste heat park.

4.3.4.6 Aquatic Ecology

Construction of the proposed waste heat park will result in some site
runoff and limited instream construction activities. Primary concerns
would be the introduction of large quantities of suspended solids and
physical habitat disruption which could cause some mortality to immobile
benthic forms including endangered mussel species. Stormwater will be
controlled using best management practices, discharges will be in compli-
ance with applicable guidelines, and the location and scheduling of
instream activities will be controlled to minimize biological impacts.
For a more detailed discussion, refer to Sections B.6 and B.7.

Operation of the WBWHP will result in an additional raw water intake.
This could result in a potential cumulative entrainment of 3 percent of
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the total transported larval fish population. Analysis of the most recent
samples collected at Watts Bar Nuclear Plant indicated that 75 percent
of the total transported population consisted of Clupeids and 4.5 percent
game species (Percichthyids, Centrarchids, and Percids).

Discussion of additional operational impacts from aquacultural, agri-
cultural, and industrial applications at WBWHP is presented in Section
B.6.2 of Appendix B. Each application for operation within the waste heat
park will be reviewed by TVA to ensure that significant negative impacts
to aquatic organisms will not occur. Following its independent review,
TVA will cooperate with the State of Tennessee, the U.S. Army Corps of
Engineers, and the U.S. Environmental Protection Agency in an attempt to
further ensure that park occupants are compatible with the maintenance or
enhancement of a balanced indigenous aquatic community and with the fish
and wildlife management goals of the citizenry of the Tennessee Valley.
TVA will not approve any use which could aggravate existing water quality
conditions.

4.3.4.7 Endangered or Threatened Species

Based on the information presented in Section A.7 and Appendix E,
and mitigation measures proposed in Sections B.6, B.7.3.1 and B.7.3.2,
the development of the proposed Watts Bar Waste Heat Park should not
jeopardize the continued existence of any Federally proposed or listed
endangered or threatened species nor inhibit opportunities for the
recovery of such forms at the regional or national level.

4.3.4.8 Agriculture and Soils

Site development would require approximately 162 hectares (400 acres),
76 percent of which can be classified as prime farmland. Principle crops
grown in the area and annual yields as derived from 1979 Tennessee
Agricultural Statistics are as follows:

Corn 4.9 m3 /ha (55 bu/ac)
Soybeans 1.9 m3 /ha (22 bu/ac)
Tobacco 2668 kg/ha (2380 lb/ac)
Wheat 2.7 m3 /ha (30 bu/ac)

The proposed site was originally purchased by TVA as part of the
Watts Bar Nuclear Plant site. Much of the area has been disturbed during
construction of the nuclear plant and none of the land is currently devoted
to agricultural uses.

4.3.4.9 Land Use

The land use changes proposed are consistent with the Rhea County
land use plan and will allow TVA to maximize the land use potential of
this property. There are no existing or proposed recreational facilities
located within the confines of the propos.ed waste heat industrial park.
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4.3.4.10 Socioeconomics

Most of the jobs needed to construct and operate the park are expected
to be filled by local residents or commuters; no stress on community support
facilities are anticipated.

4.3.4.11 Aesthetics

The overall plant layout is located on a river terrace overlooking
Chickamauga Lake and surrounded by steep, wooded slopes which already
offer some degree of visual screening. Proper landscaping and facility
design should combine to provide adequate mitigative measures with respect
to visual aesthetic concerns.

4.3.4.12 Cultural Resources

One cultural resource, archaeological site 40RH64, has been determined
by TVA to be eligible for the National Register of Historic Places (Appendix
F). No site alteration activities are currently planned which would impact
this resource.

4.3.4.13 Floodplains and Wetlands

Floodplains

With the exception of facilities such as those listed below, no con-
struction of permanent structures will be permitted below the 1-percent-
chance flood elevation (697')-, and none where flood damage would be
significant or impact TVA reservoir operations below the TVA structure
profile elevation. The only facilities to be placed within the 1-percent-
chance floodplain (base floodplain) are the open-field soil warming area,
aquaculture retention ponds, and necessary support facilities such as
roads, parking areas, water intakes and discharges, and utilities (see
Sections 4.1 and 4.2), none of which are critical actions for which flood
risks must be kept to a minimum nor are incompatible with TVA policies
on floodplain development or restrictions for reservoir shoreline develop-
ment as required for effective operation of the reservoir system.

Alternatives to Floodplain Development

No Action--Restricting all development to elevations above the base
floodplain or the TVA structure profile would preclude much of the park
site from being developed. For an adequate demonstration of a large-scale,
multiple-use complex, additional land outside the reservation boundary
would have to be acquired. The no-action alternative would essentially
remove all the benefits of the demonstration of waste heat utilization
at this site and is not deemed practical.

Alternative Sites--Because a waste heat park must be near the source
of waste heat, alternative sites are limited to areas adjacent to generat-
ing plants, all of which would have floodplain impacts similar to those
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at Watts Bar. Because of other conditions identified in Section 2.2,
these alternatives were eliminated from consideration as impractical for
the initial large-scale waste heat park demonstration.

Because no other practicable alternatives exist and because impacts
to the floodplain and to facilities from this type of development will
be minimal, the construction of the proposed soil warming area and aqua-
culture retention facilities within the base floodplain is acceptable.

Mitigation measures, which will be employed to minimize any flood-
plain impacts, are presented in Section B.12 of Appendix B.

Wetlands

Siting and construction of specific facilities will be evaluated
when proposed to assure they are consistent with TVA policy on protection
of wetlands. Wetlands identified on the site, as shown in Figure A-12.1,
will be avoided in the location of structures and facilities, fill, or
drainage systems. Site locations away from all wetlands are deemed
impractical based on the considerations outlined above for floodplain
siting.

4.3 REFERENCES

I. U.S. Atomic Energy Commission, "Draft Environmental Statement Con-
cerning Proposed Rulemaking Action: Numerical Guides for Design
Objectives and Limiting Conditions for Operation to Meet the Cri-
terion 'As Low as Practicable' for Radioactive Material in Light-
Water-Cooled Nuclear Power Reactor Effluents," January 1973.
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Table 4.3-1.

SUMMARY OF POTENTIAL IMPACTS

Land Use

Geology

Soils

Bellefonte

No impacts on agri-
cultural resources
would occur because
land has already
been removed from
production. Park
development could
limit plant
expansion

No impacts to geo-
logic features or
mineral resources
would be expected

Some mixing and loss
of soils would
result from site
development, but no
significant impacts
to soil resources
would be expected

Sufficient water
supplies for park
operation should
be available with-
out affecting water
availability to
other users

Hartsville

See Bellefonte

See Bellefonte

See Bellefonte

Phipps Bend

See Bellefonte

See Bellefonte

See Bellefonte

Watts Bar Yellow Creek

See Bellefonte

See Bellefonte

See Bellefonte

See Bellefonte

See Bellefonte

See Bellefonte

0'

Hydrology

Water Availability Need for use of sur- See Hartsville
face water supplies
may affect avail-
ability during
periods of low flows

Decreased flow from See Bellefonte
springs feeding
Yellow Creek impound-
ment could result
from pumping wells
used for park water
supply; surface
supplies should not
be affected
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Table 4.3-1. (Continued)

Floodplain Considerations

Bellefonte
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within the flood-
plain; however,
these will be lim-
ited to uses which
will not increase
risk of flooding
upstream and would
be consistent with
TVA floodplain
management policies
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pacts would be
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Water Quality

Ecology

Open-system use of
CCW could further
concentrate chemi-
cals present in
Cumberland River,
requiring additional
treatment or hold up
of any discharges

The presence of sev-
eral species of
wildlife listed as
sensitive may neces-
sitate mitigative
measures during park
development and
operation

Insufficient flow
for the dispersion
of chemical dis-
charges could
necessitate addi-
tional treatment
of such discharges

Low dissolved oxy- See Bellefonte
gen levels may
necessitate addi-
tional treatment
of discharges

Terrestrial No impacts to sensi-
tive terrestrial
wildlife or plant
species would be
expected

Cumulative entrain-
ment could be prob-
lem to fisheries

Waterfowl resources
should not be
adversely impacted
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Aquatic (Fisheries)

(Waterfowl)
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Cumulative entrain-
ment would be a
primary concern to
fisheries

Waterfowl would not
be subject to signi-
ficant impacts

Constraints on
oxygen-demanding
wastewaters would
be needed

Mitigative measures
for impacts to
springs would be
needed
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Table 4.3-1. (Continued)
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Table 4.3-2

ANNUAL CHILD THYROID DOSES FROM GASEOUS EFFLUENT (MREM/YR)
(Gas Case No. 4)

Reactor
Type

Release Rate
(Ci/yr)

Noble Gases 1-131

Doses (mrem/yr)
Distance from station (m)

500 800 1000Location 200

PWR

BWR

PWR

BW'R

6.7(3)

4.8(3)

6.7(3)

4.8(3)

7.4(-2) Lakeshorea

l.l(-1)

7.4(-2) Riverf

8 8 b 2 6 b (0.27) c 1 4 b (0.54) c 1 0b (0.49)C

180d 52d ( 0 . 6 2 )e 28d (1.1)e 20d (1.0)e

150b 46b (0.36)c 23b (0.44)c
17b (0.41)c

1.1(-1) 300d 91d ( 0 . 8 7 )e 4 4 d ( 0 . 9 7 )e 3 1d (0.89)e

a
ob.

c

d
e
f

Doses for lakeshore site from external radiation, ingestion of vegetables and milk, and inhalation.
Gaseous effluent release from 50-m roof vent.
Gaseous effluent release from 100-m stack.
Steam jet air ejector and gland seal effluent released through 100-m stack.
All gaseous effluents released from 100-m stack.
Similar doses for riverside site.

a. 

'" -'=' 
b. 
c. 
d. 
e. 
f. 
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4.4 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS
ASSOCIATED WITH DEVELOPMENT OF A WASTE HEAT PARK

Population radiological dose commitments, due to the increase in the
number of people working in proximity to the nuclear plant, would be
expected to rise but not to a significant degree. Site development would
result in the loss of wildlife habitat, open space, soil productivity, and
vegetative species diversity for the life of the facility to a limited
extent. Consumptive water use would increase. Effluents released to the
air, water, and land would be increased; however, the rate of emission
from each source would be in compliance with applicable regulatory
requirements. It must be emphasized that these impacts are less than
would be expected from similar development at Watts Bar or another
location utilizing a conventional heat source.

Development of the waste heat park at Watts Bar would reduce the
total thermal discharge from the nuclear plant by using the heat rather
than discharging it. The use of waste heat for the planned facilties
would save conventional fuels for other uses. The adverse environmental
impacts resulting from the production, conversion, and use of conven-
tional energy sources would be averted for the facilities that use the
waste heat.
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4.5 RELATIONSHIP BETWEEN SHORT-TERM USES AND LONG-TERM
PRODUCTIVITY OF THE ENVIRONMENT

Development of any waste heat park will be adjacent to an established
waste heat source. Successfully utilizing this source would contribute to
the immediate goal of demonstrating the feasibility of waste heat utiliza-
tion and to the long-term consequences of conserving fuel supplies,
developing otherwise wasted resources, and advancing related production
and process technologies.

One long-term benefit would be the expansion of employment opportuni-
ties by providing additional jobs. Most of the jobs would be permanent,
which would contribute long-term employment stability to the area. Another
gain would be the increased economic activity resulting from the increase
in local incomes.

The area could be restored to other uses at the termination of the
waste heat park project, which represents a short-term commitment of land
use. The preclusion of other site uses could be a long-term effect. Land
occupied by expanded urban areas or by transportation facilities would be
considered a long-term use. Productivity in relation to soils, vegetation,
and wildlife habitat would be altered but would be expected to be restored
over the long term.

The operation of the waste heat park should not result in a signifi-
cant long-term environmental degradation. All effluents discharged to the
air, water, and land will be within levels which are considered acceptable
for the short-term uses of the environment.
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4.6 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS
OF RESOURCES

Building materials would be committed for the construction of park
facilities, as well as for roads and buildings to accommodate the expected
trade growth. Energy, in the form of petroleum products and electricity,
would be consumed for development activities, and for park operations.
Manpower would be committed to this project in lieu of utilizing the work
force elsewhere. From undisturbed areas, wildlife habitat, open space,
and some soil quantity would be lost for the life of the project.
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5. CONCLUSION

The successful demonstration of commercial waste heat utilization
will benefit the Tennessee Valley region and the Nation. The preferred
alternative, granting an easement for a waste heat park at Watts Bar, is
the best available means of demonstrating large-scale waste heat concepts.
Implementing this action at the Watts Bar site should facilitate the
demonstration of waste heat technology and should provide sufficient assur-
ance that the park does not adversely affect nuclear plant operation.
Impacts created by this project will be mitigated to the extent necessary
to protect the health and safety of the public, the environment, and other
interests of the United States including those identified by NEPA and TVA's
implementing procedures.

It is concluded that granting an easement for the development of a
waste heat park at Watts Bar is an environmentally sound action, with
fewer adverse impacts than would be expected from similar development
elsewhere utilizing conventional heat sources. Development of the waste
heat park at Watts Bar is the most reasonable alternative and should be
implemented.
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6. AGENCY AND PUBLIC REVIEW

6.1 LETTER ANDTELEPHONE COMMENTS

This section contains copies of all letters and transcripts of all
telephone calls received concerning the Draft EIS in the order that they
were received. The text of the EIS was changed in response to some com-
ments; other comments were answered directly in Section 6.2. The numbers
noted in the margins of the comment letters indicate the sections in
which the questions are answered.
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Dear Dr. EI-Ashry:

Thank you for forwarding a copy of the 'TVA Draft
Envirouimentail Impact Statement - Proposed Watts Bar
Waste Reat Park. This Department has no comments on the

Statement.
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Novel;hber 10, 1980

-- 01I'ARTMENT OF AGRICULTURE
Ellinqton AgrIc-ultural Center 7 .*N.ashvitl. Tanneisso 37204 ..

Telephcone 1615)-741-53

fVr. tlnhamerd T. [1-Ashry, Dirtector
VInvirnoiaental nal ity Staff
Teinssee Valley Authority.
Natural Reluuc•ces Luildinq
Norris, Tennessee 37828

Ro: Draft EIS Watts Bar Waste Heat Park, Rhea County, Tennessee

Dear Dr. El-Ashry:

The State Historic Preservation Officer and his staff have reviewed the
above document rerqardingTVA's compliance with Section.10f. of. the Nationaal
Historic PresertationnAct as codified at 36%CFit 800 (44 FR 6068-6081, Jan.
30, 1979).

As stated on.,page 59.of the Draft EIS.,a cultura!.resutirce survey located one
site, 40RJ I.64,which meets the criteria of. eligibility for the National

ppendix F Register of Historic, Places. However, the project as presently planned
will have no effect on the site. The Final EIS should include a copy of our
July 7, 1980 letter to Maxwell 0. Ramsey concurrinn with TVA's opinion that

-J the project as planned will not affect properties on or eligible for the
National Register.

Unless project plans are changed or archaeological remains are discovered during
construction no further action is necessary to comply with Section 106.

MEMO RANDUI ' ~JK/~b -

TO:

FROM:

DATE:.

Saralee W.: Terry
Tennessee State Planning Office

Paul M. Koger, Assistant Cor98nissionerl9,X.c

Novemb~er 10,. 1980

SUBJECT: Agency Review A-95

This is to advise that we have reviewed the following projects
and have no negative.comsents:

1. . CH#8L-3141 U. S. Forest ServiceLand Acquisition Appalachian Trail

2. CH,81-3154 Nashville Corps of Engineers - 404 Persit
3. CH'I81-31-I Old Dominion Power Company - 404 Perm;it
4. CHi81-3150 404.Permits Issued in September 1930 by

Nashville District Corps of Engineers
5. CH1081-3152 City of Norris, Notice of.No Significant

Effect Comprehensive Neighborhood Center
6. CG•1Bl-3153 General Services Administration-Rcgion 4,

Feasibility of Consolidating Federal
Activities in Knoxville

7. CH#8I-3155 City of Lewisburg, Notice of No
Significant Effect

8. CI1181-3156 Boone Lake - 404 Permit
9. CII!81-3158 Fort Louduun Lake - 404 Permit

10. C1I1-81-3157 Tennessee River - 404 Permit
11. C11#81-3149 Nashville District Corps of Engincers. FEIS:

...... .Disposall of Lands for Public Port and
• Industrial Use, Cordell llull Dam

2. C|I81-314 8 
TVA: Draft Environmental Impact Statement,

.. t Bar Waste Heat Park
Rhca Couuty, Tenncssee

Your cooperation will be appreciated.

Sincerely,

Herbert L. Harper
Executive Director and
State Historic Preservation Officer
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Register of Historic. Places. HO~lever. the project as presently' planned 
will have no effect on the site, The Final EIS should Include a copy of our 
July 7, 1900 letter to Maxwell D. Ramsey concurrin~ '1it.h TVA's opinion that· 
the project as planned will not affect properties on or e11g1b1e for the 
National Register. 

Unless project plans are changed or archaeological remains are discovered during 
construction no further action is necessary to comply with Section 106. 

Your coopera t i on will be apl'rec 1 a ted, 

Sincerely, 
if ,/1 

. 1!,k"f..;.11. vUl.lJ·"-

Herbe,·t l. lIarper 
E~ecutivp. Director and 
State Ifister/(: Preservation Officer 

1IL11:sh 

xc: Saralee Terry. State Clearinghouse 
11-19-80 

me: l. B. Goss. 1110 CST2~C 
W. W. LaRoche, ElOB 8 C-K 

! I EQS 

_~ LlI~nARTMENT OF AGRICULTURE 
Ellinr;lon AgrlC"ultw31 Center 

. N"5tlVill~. Tannf!5SeO Ji~04 
T.'ephonoI6'S,.14,.,S3' 

HENORANOUl-1 . 

TO: Saral~e W. Terry 
Tennessee Stat'e Planaing Office 

FROM: 
0/ Paul· H; Koger, Assistant Commissioner:.IA..... 

DAtE: November ,10" 1980 

SUBJECt: Agency Review A-95 

This is to advise .. that we have revie\~ed the follo\~ing projects 
and have no ·negative. comments: 

.,1. CII1/81-3141 u, S, Forest Se.rvice 
Land Acquisition Apra1achian Trail 

2. CHII81-3154 Nashville Corps of Entilleers - 404 Pe-:rnit 
J. CHi181- 31S-101d Dominion Power Company - 404 Per-rotlt 
4. CH;lSl-3150404 Permits Issued in September 1900 by 

Nashville District Corps ~f Enginedrs 
5. CH~81-3152 City of Norris, Notice of No Significant 

Effect Comprehensive Neighborhood C~nter 
6. CHlf81-)15J General Services Administration-Ref,l.On 4. 

F~asibility of Consolidating Federal 
Activities in Knoxville 

7. CII/i81_Jl55 Citv of Lewisburg, Noeice of No 
Sig~ificant Effect 

8. CHC81-3lS6 Soonc Lake - 404 Permit 
9. ClIliSI-3U8 Fort Loudoun Lake - 401, Permit 

10; CIli!81-3l57 Tenncssee River - 404 Permit • 
11 Clli/81-3149 Nashville District Corps of EngIneers, F£lS: 
~- -'" .. _-·-.... Disl'0sill of Land,; for Public Port <)nu 
~ Industrial U"I', Conlell Hull Dalll, 

'2. Clli/81-3148 tV,\: Drilft Environmental Impact StJtement. 
~ ___ .. _-HatU; Bar Wast!! Hc.,t Park. 

Rh':il CUUllty, Tcnncssee 



STATE OF TENNESSEE
DEPARTMENT OF TRANSPORTATION

NASHVILLE, TENNESSEE 31219

November 21, 1980

Mr. Mike Jones
A-95 Program Analyst
Tennessee State Clearinghouse
660 Capitol Hill Building
Nashville, Tennessee 37219

SUBJECT: A-95 Notification CH #81-03138 City of Lexington, Notice
of No Significant Effect on the Environment; 181-3141
U.S.-Forest Service - Land Acquisition Appalachian Trail;

i#81-3148 TVA: Draft Environmental Impact Statement, Watts
Bar Waste'Heat Park-Rhea County; 181-3149 Nashville District
Corps of Engineers, FEIS: Disposal of Lands for Public Port
and Industrial Use, Cordell Hull Dam; #81-3151 Corps of
Engineers Public Notice 80-229 (46,595): 181-3152 City of
Norris, Notice of No Significant Effect Comprehensive
Neighborhood Center; 181-3153 General Services Administration
Region 4, Feasibility of Consolidating Federal Activities
in Knoxville; #81-3154 Corps of Engineers Public Notice
80-213.

Dear Mr. Jones:

We have reviewed the above notices for the subject improvements
and find no apparent conflict with any present or proposed plans of
the Department of Transportation at this time.

If I may be of further assistance, please do not hesitate to
call me.

Sincerel),y/ /

(for) E. R. errell
Director
Bureau of Transportation
Planning and Programming

RSC:nes

CIIATTANOOGA AREA RIEGIONAL COUCIOL OF GOEERIIMaSlT SOUTHE43T TENNESSEE OEVELO'M.Ent wpaRIin

HARRY L DETHERO c. L THRAILUOLL

November 24, 1980

Dr. Mohamed T. ElIAshry
Director of Environmental Quality

Tennessee Valley Authority
Forestry Building
Norris, Tennessee 37828

SUBJECT: FVA's Draft Environmtental Impact Statement, Watts Bar Waste

Ileat Park, Rhea County, Tennessee

Dear Dr. El-Ashry:

In accordance with the Office of Management and Budget Circular A-95 this
office, as the areawide clearinghouse, has reviewed the subject statement.

The infornation and analysis presented in the draft Environmental Impact
Statement are generally consistent with local planning data and development
objectives. However, the industrial employyment fituires (pare B-33)..while
hypotheti(-il , may be S(mtc'.!.,t low based on recent interest by industrial

B.9.2 concerns in participating in the park.

On the basis of the information now available to this office, our findings
reveal no conflicts with existing or planned activities inthe area. There-
fore, this office reconemends approval of the draft impact statement.

In accordance with the provisions of the Office of Management and Budget
Circular A-95, a copy of this letter of review and conmment must be attached
to your formal application.

Should there be any question, or if we may be of further assistancei.please
contact this office.

Sincerely,

Charles L. Thrailkill
Executive' Director

CLT ICB: cm
p-

11-26-.80--MKE
cc: L. A. Coss, 1110 CST2-C

Wi. Wa. lTaRnche, El-CS5 C-K
T.. II. Woosliv. 375B 4015-C\

cc: Mike Jonen
John Moeller

413 JAMES BUILDING El 735 ROAD ST. 0] CHATTANOOGA, TN. 37402 0 PHONE 615/266-5781

STATE OF TENNESSEE 

OEPARTMENT OF TRANSPORTATION 
NASHYILlE. TENN[Ss£t llZ1' 

November 21, 1980 

Hr. Hike Jones 
A-95 Program Ana lys t 
Tennessee State Clearinghouse 
660 Capitol Hill Building 
Nashville, Tennessee 37219 

SUBJECT: A-95 Notification CH 681-0313B City of lexington, Notice 
of No Significant Effect on the Environment; 181-3141 

,. ... p,.s.-f-orest Service - land Acquisition Appalachian Trail; 
<:'BI-3148 TVA: Draft Environmental Impact Statement, Watts 

,Bar ~Ias te' Heat Park-Rhea County; 181-3149 Nashvi 11 e 01 strict 
Corps of Engineers, FEIS: Disposal of lands for Public Port 
and Industrial Use, Cordell Hull Dam; '81-3151 Corp,s of 
Engineers Public Notice 80-229 (46,595): 181-3152 City of 
Norris, Notice of No Significant Effect Comprehensive 
Neighborhood Center; IBI-3153 General Services Administration 
Region 4, Feasibility of Consolidat~ng Federal Activities ' 
in Knoxville; 6BI-3154 Corps of Engineers Public Notice 
BO-213. 

Dear Mr. Jones: 

We have revie~/ed the above notices for the subjr.ct improvements 
and find no apparent confl ict with any present or proposed plans of 
the Department' of Transportation at this time. 

If I may be of further assistance, please do not hesita~e to 
call 1Ill!. 

RSC:nes 

Si~r~~4-
&/~ , 

(for) E. R. 'ferrell 
Director 
Bureau of Transportation' 
Planning and Programming 

B.9.2 

Or. Mohamed T. El-Ashry 
Director of Environmental Quality 
Tennessee Va II ey Authority " 
Forestry Building 
NorriS, Tennessee 37828 

SUBJECT: rVI\'~ Draft Environmental Impact Statelllent, W~tts Bar Waste 
lIeat Pal'k. Rhea County, Tennessee 

Dear Dr. E l-Ashry: 

In ~ccordan':p. ~fi th tl!e Office of I·lanagement and Bl.dget Cil'cular A-95 thts 
offIce, as the .)real'/1de c1p.arinyhouse, has rev'iewed the subject statement. 

~lleinfonllation and analy;i"present<;J i.n the dl'aFt,Environmental Impact 
,)t~telll~nt. arc <lenrn'ally consIstent 111th local 11I'lnnln~ daLi ~nd development 
nb~ectlv~5, 1")!Ole'lel',th" ,il1rlustriill ClIlplo,Vllrrml fj'JIJI'es (nal,le B-33), ,while 
hYI,othetlnl, ",,1j be SOIUC',/Ht low based on recent intel'cst by industrial 
COl1cel'tls ill pJrticipilling in, the pad;, 

On the basis of tile infonna~io~ now available to this office, our findings 
reveal n~ conflIcts WIth eXIstIng or planned activities in'the area. There
fore, thIS offIce reconmends approval of the draft impact statemen't. 

I~ accordance with the provisions of the Offic'e of Management and Budget 
CIrcular A-95, a copy of this letter of review and con1nent must be attached 
to your formal application, ' 

Should there be any question, or if I~e may be of further assistance; ,please 
contact this office, 

Sincerely, 
~ .. -:./ .. --

," -.... ~. ;,,, ." .. ~ '" <-: -' . /~ .. 
ChJl'les l. Thrailkill 
Executive Directol' 

elT :IICll: elll 

cc: N i kc ,Jon~~ 
John f\fJe Iler 

'/ 11-2 6 .. 80--HKE 
cc: L, 8, Gnss, 1110 CST2-C 

I~. IL J.aRnche, El-CS5 C-K " 
I .. II. ~iQo:il!:v, 3758 401B-C\ --_._-_. ~-'--'- .•.. _." 

[lEC: 1:: I 

[;:,i 
,.\:~) ..J J' 

413 JAME:S BUILDING 0 73:' BROAD ST, 0 CHATTANOOG/\, TN, 37402 0 PHONE 615/266,5781 
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TENNESSEE STATE PLANNING OFFICE
680 CAPNTOL HILL BUMING

301 SEVENTH AVENUE. NORTH
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015-741.1678

December 5, 1980

Mr. Richard L. Morgan, Jr.
Manager
Office of Community Development
Tennessee Valley Authority
201 Summer Place Boulevard
Knoxville, Tennessee 37902

L

RE: CHi81-3148 DEIS Watts Bar Waste Heat Park, Rhea County, TN

Dear Mr. Morgan:

In accordance with 0MB Circular A-95 and as the designated State Clearinghouse
for federal grant programs, we have reviewed your proposal and have assigned
this project the State Clearinghouse number indicated.

Our evaluation of submitted materials identified no conflicts with existing or
planned state activities. We hereby are notifying you that your prorosal is
deemed acceptable on the basis of the descriptive information you have made
available to this office. We, or other reviewing authorities, may wish to com-
ment further at a later time.

If our office, as the State Clearinghouse, can be of further assistance, please
do not hesitate to contact me.

Sincerely,. WNCE W C4I.'aNWl ,g1*'.,

Thomas M. Webb

Manager, Environmental Services in

T.-W:pbw / I , I
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PARK, SAY·'1 '·lAlr{ Pr;:OPI,!; til TI'H AIlEA Anr. OUT (F "0,,':, !l1') '~IIY.~F. 
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Dec~er S. 1980 

Mr. Richard l. Morgan. Jr. 
Manager 
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NASHVl.LE. TENNESSEE 372 HI 
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Office of Community Development 
Tennessee Valley Authority 
201 Summer Place Boulevard 
Knoxville. Tennessee 37902 

RE: CH'81-3148 DEIS Watts Bar Waste Heat Park. Rhea County, TN 

Dear Hr. Morgan: 

In accordance with rn~ Circular A-95 and as the designated State Clearinghouse 
for federal grant programs, we have reviewed your proposal and have assigned 
this project the State Clearinghouse number indicated. 

Our evaluation of submitted materials identified no conflicts with existing or 
planned state activities. We hereby are notifying you that your pr~rosal is 
deemed acceptable on the basis of the descriptive infol"mation you have made 
available to this office. We, or other reviewing authorities, may wish to com-

. ment further at a later time. 

If our office, as the State Clearinghouse, can be of further assistance. please 
do not hesitate to contact me. 

Sincerely. 

~!LC-'1.V /7( ?L~.t.
Thomas r~. Webb 
Manager, Environmental 

Tf.fW: pb~1 

""":lltf (lJt.iJl\r.'I!IY Uc.\tt~·.!'\, 
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Oecombcr 9, 1980

4SA-EIS

December 5, 1980

Dr. •ohamed T. El-Ashry
Director Environmental Quality Staff
Office of Natural Resources
Tennessee Valley Authority
Forestry Buildinig
Norris, Tennessee 37828

Dear Sir:

As the Chief Executive of Rhea County Government, I sih to
express my unqualified support for the Watts Bar Waste Heat
Park. ,The park concept is totally in harmony with Rhea County's
future growth and planning.

Sinc/erely,

Dan Wade

Dr. Mohamed T. tI-Ashry, Director

Environmes ital Quality Starft

Natural. Resources. Building

Norris, Tenoestp-e 37828

Dear Dr. El-Ashry:

We have reviewed the Draft I'nvironmental Impact SUItcmenlt (US) for the

Watts Bar Waste Heat Park in Rhea County, Tennossl-e. Whtile EPA strongly

supports tile concept of low grade waste heat recovery, our reviuw of the

DEIS raises some fundamental questions about the environment limitations

of the Watts Bar site and the adequacy of the DEIS in quantifying the

potential environmental consequences of the project. Specifically, we

are concerned about the possibility of water quality degradation in the

Chickamauga Reservoir after the Park is fully developed,. Our attached

technical coaments develop this and our other cotucurns ie n mre detail.

As a result, we have rated the OiUJ 4 Q2, i.e., we have no significant

objections to the proposal, but request the above Issues be addressed in

the IEIS.

are

mc: 12-11-80
L. B. Goss, 1110 CST2-C
W. W. LaRoche, E10B 8 C-K

EQS

01c 6,8o

I."c I

Siucerely youru,

"hIm E. Iagan III
Chief, EM B'ranch

Eti] osure

12-16-80
mC: L. B, Goss, 1110 CST2-C

W. W. LaRoche. E1OC 55 C-K
C.
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C'OUIl'!! H\"(!CII!;l'l! 
DAN WADE 

nHt::A COUNTY COllAl UOUSE; 

DAYTON, TCNN[SSt:£ J7Jl' 

,OISI 715· ... 7 

December 5, 1980 

Dr. Nohamed T. EI-Ashry 
Di rector Environmental Qual! ty Sta.f[ 
Office of Natural Resources 
Tennes~ee Valley Authority 
forestry Building 
Norri:;, '!ennesl1cIO 37828 

Dellr Sir: 

As the Chief Executive of Rhea Coullty GovelT.ment, i wi.:;h to 
e~press my unqualified support for the Watts Bar Waste Heat 
Park. ,The park concept is 'totally in harmony witli Rhea CO\lllty'S 
future growth and planning. 

are: 

mc: 12-11-80 
L. B. 6055, 1110 CST2-e 
W. W. LaRoche. ElOB 8 e-K 

Sinc/erely, 
. " / 

( 
Dan Wade 
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LJNn L:l.J ~; 1/\ I L~ i I~VIIiUNjl.lI:I·1 rilL. I'lill II ( I" 'N M .• lN( Y 

IIccontber 9, 1 !Jill! 

4SA-EIS 

;'\4:, Ct.-II'jl t ... tU) :. I 101.1 I 

'"~ I )o.t.t A. I.t (""-.,r,,, .,,~ ' .. ', 

Dr. 1I"ltam.,,1 T. El'-Ashry, Illn<clur 
Envire,lIme.ltt,,1 Qua·liLY Stuff 

·Hatur,JI. R"sources lIuihlillg 
1I0r rh, T"nnlls,",,, J 7828 

Oen Dr. 1l1:-Asllry: 

We have rl!vl"""d the Draft l(nvirollmcllLal ltnl'ad SLate",ent ([1[;IS) for lhe 
Watts liar Wastt! Heat ParI< in Rhea County, T",,"cssl'''. ~!hlle F.PA strongly 
supports the concept of 10v grade ""ste heat re,'ollery, our rev lew of tlte 
DEIS raises sOllie funJamentlllquestiolls about th" '"wironment limitations 
of the Watts liar site and the adequacy of thu nElS ill quantifying the 
1.0tel1tial "nviron .. "ntal consequences of the proj ecL SI)ecific"l1~, "''' 
are concerned about th .. possibility of vater quality desradation 1n the 
Chickamauga Rolsllrvoir after the Park is fully dev->loped •. Our attached 
technlcai co .... ellts develop this and our other cOl1c"rns ill more det.A iI, 

As ~ result, we llav~ rated the DJaU4C2, i.('., w\.'! have 00 $ignific~\It. 
obj"ct1on~ tn th.: prorosal, but request the ilbovc Issues be Dddresscu ill 
the n:lS . 

SiQ1Y;OU'ik

r
.JJf-

.tl,:~.llagan 111 
Chief, 1::15' Branch 

12-16-80 
me: l. B. Goss, 1110 esn-c 

W. W. LaRoche. ElOe S5 e-K 
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A. 3.3.1
Lut,~ A-lb . S !as pmiLEMapl

1mm the UClIkmmmamouga Rieservoir adjacenit to file' promposnmed facil ity thmerumally
stratifiedl during~ time summer amonmthsm

What piercemit of th,- waste heat produced by thei Wamtts Bar Nuclear Facility
will be used by thi- waste heat park when full developed?

hr. ijintmmmmmmm 'I'.rHjIa qEla~t, Staff

If lice of Notisa metal Ki.minimcmin
Foresatry IOli 9.9tu
Morris, rN 3781.8

Peamr hr. El-Ashrmy:

I wamnt to expressm mmy support. for thme effort ofn TVA in de~vel opintg
time indusmtrial. park at WatLS lBar Nucimear Planmt . I believe that
tleC Park is environmenmmtally sainiirm. acnemmin~miraly som'mid and com-

As thme PmmwLor of im SflO-membemmr mOlurelm, I rcmmtize that if out coin-
munity Is to gjrow, we mustr continue tom see' ~gowih In induntry.
We need new johR for nour rommirnumity. plus, we miist continue to
seamrchl for iemw sources of taxesin~ that wilt, Improve our schools.
hmighwainnys and m~inamy Qthvr pmrogmralms.

I spmeakmia inismly for msyam')1 Imm regasrd tO Liii mmAtter * but for time
mmmjmmtity of minmir immmi-mimi.rl- : rni

1.2

page 111.ti mltia-rzmgraph

4.3.4.2 TIme DEIS does not adequmately address the air plol it)y Impialcts of the

coal-flred lbamckump ind htat aJlmm netrtiosi smivmite.n, lTme FF1, shmiild Iim~lI hiB.2.2.2 a microscaltm analysis of the air itlnl ity tImpa•lt, of a h•mtl•p lim:i•t
gentmratiuoi -;ystt:m of time type de-scribed IIn time tICIS.

fq_'.22.(em.immm_4,2).fXen.rnl Commmm'.nt,

I'll• fifIfS dommm Ilia am d aml i I ely io
1

vl i.i t •a ' he HI) and mmi t• r i-emmr d .lm:1hcmim-ite
c harmc t ri" mitic.a of: time indus trlics Ilimm a .r rt, I kelyv to Itm, ]om:altrd In thie
wmsite bineat pmarLi. Specific.,1.1y, tiht FEIS shioulind, for eamci inmim•lmt my III-
cl'e jimd hi SectLlm Ii .2, list tihe almoit imrm Tm, to cm-N itro mmwrml 1mm3 - t t rmll-.l-mm

6.2.1 Plimo:;phoroirmmis * Immtismimmmi, ;and BOll (ii lbs/day) [lm oim II dischiargdim imttl" .minplm-
cat io ofc iest aivailblhe contolma tri-:hnology (BAC:f') or it efmm I em) I eliL.
IFur inlmti-trimma where BACI'f hns not Iwn prOmi-mmmml gm cil, time dlicimh rg-•mo. mcnumits
mimmmid he basmed oil mm"besmt oi• vi riii, midll g JIImlint' w ith time 151 llatioi mcontrol 1

tIechnmology piroposed ide:ntified. 11' rhme fot ri' I Ltcmimmmolomgy is mm culal-tCl 15
closed system (Ito NPDES permit). the FE•S s•ouluhdmmi smtate" such.

Simmle-fr,' ly ymmmmt':m,

jlack Ediwanrds

mm I_ isCmmm 12110 CST2m-C
'ml. Wm. im2mnii '(ti I

n:Cllli IC,II, CmlttEIITS: 
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Table A.J-3 1'h. r'ElS :;lhHlltJ i',ll'LuJt· thl! ,IIJ-;:hllv(·tl "i(~"'.I!" t'tlh,','l1trariru t)l.llh ~';I."I::h:" 
ill.ly iJnd '.It ~:"-'l ... ('ll~\t dt'ptlu; In tlw Chiekalil.-ttl\~~1 1:f'~:,,· .. \'nlr ({lr ,,{t(.v,-~ \; .. It .. 
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u,;lnr; a, sp4.!t::if.i\!d "nlix·' uf lo..]uslrit.,t.;. 

A.3.3.1 

1.2 

4.3~4.2 

B.2.2.2 

6.2.1 

Is th" CHckilll.,,\!);a n""Hvoir ad.l"Cl'llt to lill' l'r(l~(lSl'lI fadllty thcrlll;II1y 
~lr"tifl"d JUl'lng the summer ",,"th"? 

Ilh:ll p"rc"Jlt of til" wa"te heat producell hy Lh., linUs nar Mud ".11' F~cllity 
will b" used by th~ waste h .. at pink. whell full ""velared! 

'fill' DElS does not adequately adllress the a I r 'Inn Ii ty l'"I"'ct~ of the' 
conI-fired b"ckul' "nd heat allCIAf'ntat.ioll srstl',n. Ti,e Ff.TS 9""ul.1 111 ... 1, •• 1.' 
a mi"roscal" analysis of the air qllAllty IUlP,lI'H or " hnc~llp h""t 
&l!n(!ratiull "ystl,m of the tYI'll' dt'~crlb~" In tht' IlI;I!':. 

1'f".~ Ufj S dOt!1J .. ut ndequat ely eval fI,'I"':' th(' non an') nut r lent d i .sdl~U·'!'" 
cha.-acl<:riHtiC:; or ih" inlluHlrl<'s that ,'n' I ikl'ly tn I", lllcalc.! I;" the 
wa.l" heat rark. r.1'ecifjc~1.ly, 11\1' FEIS sholllrl, for cach intf'I:l\'ry 1 •• -
t.·hh1c.·U 11\ Scelhlll 1,.1, 11.~t lh~ .,In(,III't uf Tot;d-Nilrni\\~n. Nn,-t:ilr'Jl'.vlt, 
Yh()~;phurutls, Ilul a:;!" hllll, nnd BOI) (fll lhs!tl':IY) ('0 hl' tI i sch~rg4';1 ilrtt'r .11'.,11-
caljull uf h'~5t :nliJlJ3hle c~"'l1tr.,.1 t('I:hnol{))~y (nACT) or its ~(Jtliv .. lcl1l. 
l-'ul- :indll:J.trit.!!; where HACJ' hn,; not "t'i!n pr(11II1I1,:;d cd, the dJ!'ich ... n~t..·. atr.nunts 
uhuuJd be bas~cI on "bvsr enStfntH'r it1n .JlJd~l1I('nt" wH-" tilt! pol.1utioll. Ct.>fH ruI 
lcdlllulogy f'rop"'s"lI id,,,,tiFiell. rf the! .:<llll .... 1 lCl'hlloluJ;Y is a cOlol'ldCl1' 
clo.u!d syst .... (110 NPDES I'ermit), thl' .'EIS sh •• ""j slat., such. 
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Ill!lIr hr. t:l-Ashr)': 

\~.,~mL" • Ct." 7 1~·04{~.J' 
"Ah",U-;""'': I b.1!'t, 77',(j10, 

t wallt 1<1 "xpr"s~ "Y "uPI,on. for the effort "r TY/\ in lIcvel nl' ii,S 
the indllstrJ,nl p"rk. at Wans fI;l[ Nuel'!I1( P11ml. I bell.'"'' th;lt 
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t t C o (S:;
W. W•. Lat;oche•, V"1005

]!DEC 66,j- - .... 1.

Dr. M. T. E£-Aahry
Director of Environmental Quality

Tennessee Valley Authority

Dear Dr. EI-Aahry: ,
•~~ ~ ~ L . . . .. . .. . ....... . . .• -

I have received the Draft Environmenta Impact Statement - Meopose4 .la

Uases Heat Park for review and comments. I find the following comments L -J

plicable:

ORHFD-P
Dr. M. T. Ei-Ashry

Vol. II, p. B-36, B-37, 1.12 Floodplains and Wetlands.

B.12.4 In keeping with Executive Orders 11990 and 11983, Federal agencies are

encouraged to provide leadetahip to protect wetlandb and floodplains and to

avoid indirect support of new development in floodplalns and wetlands when-

ever there is a practicable alternative. The Corps concurs with TVA's state-

ment, B.IZ.a, pare I, that only open-field soil worming areas, aquaculture

retention ponds, and necessary support facilities, i.e. , roads, parking areas,

and utilities, will be located in the one-percent chance floodplain. Avoid-

ing impacts on the identified wetlands is also encouraged.

Appendix E

Appendix F The final EIS should show SlPO concurrence with TVA's request for deter-

minstion of eligibility for archeological site 4,01tR64.

Appendix DIf the possibility exists that a Department of the Army Permit will be required

during the development of the waste heat park. TVA should request that the

Corps become a cooperating agency. This coordination will insure that the EIS

produced will satisfy the procedural and statutory requirement of the Corps

and could possibly be adopted as a Corps EIS in accordance with 40 CFk 1506.3.

Thank you for .the opportunity to comment on this document. If I can be of

further assistance to you in this matter, please contact me.

Sincerely,

E. C. IO0R0

Chief, Engineering Division

Vol. i, page 5, para 2. Alternatives.

2.2 Under this section, three alternatives are presented, 1,.e., a waste heat

park at Watts Bar Nuclear Power Plant, waste heat parks at other TVA power

plants, and no action. Are non-Federally owned sources of waste heat avail-

able 4n the Tennessee Valley which could be additional alternatives to the

Watts art site?

Vol. I, p.7, para 2.3 Alternative Management Schemes., pars 3.

6.2.2 Will the selection of occupants.for the park be subject to interagency'
review? If so, what kind of.document will facilitate the review--EIS supple-

ment, ZA? What restrictions concerning the maintenance of environmental

quality will be used In Instruments to convey the land?

Vol. II, p. A-39, pare A.1 Endangered or Threatened Species; A.7.2 Aquatic

Invertebrates and Fish, para 3.

The reference to the identification of two specimens of the snail darter,

Percina tanasi, by eight, in the Tennessee Rlver near T9J• 515.4 has doubtful
scientific value for the purposes of this assessment unless further aubstanti-

stion is provided by reference to the observer, his or her scientific quail-

ficatione, and the time, date, end circumstances of the observation.

A. 7.2

Vole II, p, A-4S, •it. &.B-Z Generalized Land Use in the Vicinity of the Watts
Bar Weaste Rest Park.

Fig.A.8-2 This figure does not depict Yellow Creek Wildlife Management Area,
adjacent to the park, either as an existing or future land use. 2

2.2 

6.2.2 

A.7.2 

ORIIEIrP 

0 .... M. T. El-AIIhry 

DEPARTME~lT Of' TlUl: "~MV 
""'.MyU .... D'.T'tlCy. CO.",; Ufo' L,.lOINlU'::J 

,,", 0 . .0" 'G1:.t 

NA."V'LL«' , IlHHIl •• ~" 271011 

Director of InvlroruD~ntal Quality 
Tennessee Val Icy Authority 
Knoxville, TN 37902 

Dear Dr. EI-Ashry: 

'12-lh-IIU":',W:I': 

l't;: I.. n. C(I:::i. 1110 C~;'l' 

W. \~. 1.:11',).:11,', EIOC', 
11' \I'l(t~J \,ll. 'nSn 

11 DEC I~~J 

, ~ . " . . . .. ...... .... . . . . . 
1 ft."" ncehed the Duft tnviro=ental IlIp.sct Statement - P.ropo8ed "'8...,~ ...... -.J 

Waste Heat Park for review and comments. I find the following CO~Qt8 
pl1eable: 

Vol. i, page 5, pare Z. Alterllat1ves. 

Under thid section, three alternatives are presented, ~e., a waste heat 
park at Watts Bar Nuclear Pow~rPlant, ·vaste heat parks .at other TVA. power 
plants, and nD action. Are non.,Federally.owned source. of waateheat a<laU
able 4n 'he Tenaesaee Valley· which could be addlttonal slternatives to the 
Watt. Bat alt:el 

Vol. I, p.7, para 2.3 Alternative Management Sche~e~., para 3. 

WUl the selection of occupants ·tor the park be subject to interagency' 
review1 If so, what \thd ot .doCUlIltlnt will facU:ltate the tev1e .. --ElS 8upple
aent, EA1 What reatdctions conce~ning the .... intenance of environmental 
qual1ty will be used 1n lnatr .... ents to convey the land? 

Vol. II, p. A-39, para A.7 Endangered or Threatened ~ecies; A.7.2 Aquatic 
Invertebrates and Fiah, para 3. 

The reference to the identification of two specimens of the on311 darter 
~~ tallad, by 81Sht, 10 the Tenneseu lU.;'u nt:ar UK S1~.r. has doubtful' 

.• cientific value lor the purposes of this asselsment uniesl further lubstantl
atioD 1. provided by reference to the ob.eryer, hi. or her scientifl~ quali
ficationa, and the tiae, data, and circumatances of the observation •. 

Vol. II, p. A-4S, fl,. A.6-1 Cenera11zed Lend Use in the Vicinity of the Wetts 
·"r W,ste haat Park. 

Fig.A.8-2 Thl. figure doeS not depict Yellow· Creek Vl1dllfe Management Ares, 
.djacent tn ehe park, elther aa an exiating or future land uae. 

OI\NEll-P 
Dr. }!, T. tl-Ashry 

Vol. II, p. 8-36, B-37, 8.12 Floodpla1n!..!!'.!_Wet}.!'_~<!.".. 

8.12.4 In keeping wtth Executive Ordeu 11990 and 11983, Federal .senctes are 
encouras"d to provide lelld"rshlp to protect wetl.1"ol~ .. and floodplains ,!nd to 
avoid indirect support of \\el,/ deve\op1lll!nt in fl.,odrlalns and wetlands when
ever there is 4 practicable nlternatlvl!. the Corps concurs w1th TV.,'s. state
lIent, B.I2.a, para I, that only open-.fleld Boil wannln& aren, s'luar.ulture 
retentIon ponds, .alld lIoces.ary support CuclILtlc~, i.e., road., parking areas, 

.aud utilities, will.be locilted in the onc-I'ercent clh,nce floodplain. Avoid
ing impacts on the identified wetlands is also encouraged. 

Appendix E 

Appendix F The final EIS should show SIIPO concunence with TVA'. request for deter~ 
minatlon of eligibility for archeological site 40RR64. 

Appendix nIl the pos.iblllty exi,ts thot 8 Depart.ent of the Army Per~it will be required 
during the develo~ent of the waste beat psrk, TVA should request that the 
Corps .become a cooperating agency. Thts coordlnation w111 insure that the tIS 
p ... oduced ,,111 aat iefy ttl" »roc .. dural and 8tatuto~l' reqllirement of the Corps 
and could pos8ibly be .dopted a. a Corps tIS in accordance with 40 CFR 1506.3. 

Thank you for .the opportunity to co .... ent on this doc:ument. If 1 can be of 
ferther .. aiaten.:e· to you in this IDetter, please cont'lct me. 

Sincerely, 

9KK~ 
E. C. HooRE 
'Chief, Engineering Division 

~" 
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104 Davey Laboratory

The Penn. State University

University Park

Pa,, 168o2
.14 December 1980

.n DAVV.

i•i. 5, D(PC 4i17
DlAYTO,'I, TA*I 37321

VAJOR MUM;iT: LIAITR TO STATr TDAT HEu IS TN vFf"!r', (W. I¶-E .iA' 'j

PAW( Al AATrS BAR. STATED TI1AT TWIE A .!A I'FALLY I.- T!!I,.

ACTIO:I: TOLD 111tt THAT THIS rOCW11))T$ TO AIR A!)FDO To W" PFp'.01n.

DISTUIRUTIOh: CAL FILMS (1)

Dr. eohamed T. El-Ashry, Director

Environmental Quality Staff

Natural Resources 'Building

Merris, Tennessee, 37828

Gentlemen:

Enclosed are my comments on the Draft Envirenmental Impact

Statement on the Watts Bar i•aste Heat Park. Please nate that
the opinions and calculations are a not necessarily those of

The Pennsylvania State University, which is well known for its

encouragement of free thought. The affiliation is used here, for
identification purposes Only.

Your use of an index in the main report is usefu1 and appreciate

Sincerely,

" m. A. Lechstet, Ph.D.

bc: t.e.
V. W.
X. E.

CXl ..... 

'n);;; OAv I·~ 
i!i. 5, n(1~ III,! 
11 A!1:Cl:1, '\':1 37321 

F:\JOR ponlT:\: Hi\lITF.D TO STATI; 'TIIAT 11':: 1~ 1'1 pr,'If,r. n:' 'i'!'," "!A"~;:: I!::,\'r PAlll( A'r \iATi$ "'/I.!t, STATED TIIAT TIIii An!':A 1:F.AI.1..Y I!!':;:')~, THI"., 

AenO:I: TOI.n 1IH1 TH'.! THIS rO"IIf,"T$ '1'('1 l1F: Afl!)F.1l TO "'r rE':')I!n. 

Dl ST!lIllU'WJtl: CAt. FJl.r..s (t) 

Dr. Mohamed T. El-AshrYt Director 
Envir.naental Quality start 
Batural Resources 4Suildin& 
Horris r Tennessee, 37826 

GentleJlen: 

104 Davey Laboratory 
The Penn. State University 
University Park 
Pa •• 1680;! 
I~ December 1980 

Enclosed are my co~ents,on the DraCt EnvironNentaI I_pact 
State.ent on the ~atts Bar ~aste Heat Park. Please note that 
t~e .~lnl.ns and calculati.ns are _ not necessar1ly those or 
T~e Pennsylvania State University. which i8 well knoWn Cer its 
encour4~eJlent ct tree thou~ht. the affiliati.n is used here, tor 
identificati.n purposee only. 

Your use .r an Index In the .a1n rep.rt is useful an. appreciate 

be: l.B. Goss. 1110 CST2-C 
W.W. ttroche. [lOB 8 e
R.E. Martin, 226 WRB-N 

11: 

EQS 

lJEt221lO 
/.'1 

t "," __ ,~ 

i Chan •. ER&I 

Sincerely, 

. Wta. A. Loch8t.et, Ph.D. 
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Environmental Impact of the

Weatts Bar Waste Heat Park

by

William A. Lochatet, Ph,B.

The Pennsylvania State University e

December 1980

The Tennessee Valley Authority has attempted to evaluate

the environmental impact of its proposed Waste Heat Park

at the Watts Bar site in its October 1980 Draft"Enfironmenaal
Impact Statement (DEIS).

The expected radiological conseauences are calculated ink

terms of individual exposures Ix as shown in Tables 4.3-2, A.4-3,

and A.4-4. The total population doses should, and must be

evaluated* In particular, this represents a change in the
population in close proximity to the Watts Bar plant( the

Waste Heat Park employees). Because of this added population,

there will be an increased population dose to this population.
The rebuirement of 10 CFR 50 Appendix I is a that all reasonable

0o additions be made to reduce emissions until a balance is reached
6.2.3 at $1000 per total body person-rem, or per thyroid person-rem.

In addition, the products of the "Park" will contain some

radioactive material, regardless of how small. The effects of

this on the general public should be evaluated (customers) in
terms of person-rom population dose. If food is to be grown
in this "Park" it is particularly critical that this be done

in good faith asreauired by NEPA. The marketability and public
6.2.4 acceptance of such material may not be positive.

The optimistic assurance that water supplied to the "Park"
6.2.5 is unlikely to contain radioactivity P DEIS, rage A-26) needs

* The opinions and calculations contained herein are my own,

and net necessarily those sf the :Pennsylvania State University,
which affiliation is for identification purp-oses only.

to be considered very carefully. Since steam generators are

known to develop leaks, as well as condensers, and fula fuel

rods,.it may not be a* unlikelyfor radioarctivity to be present

in condensor cooling water. This must br evaluated numerically.

The ideal site fr such a "Park" would be at'a multi-unit

coal fired location. The use of coal would greatly reduce the

problems of radioactivity in the products and worker exposures.

ikat This alternative is rejected on the basis of a very cursory

6.2.6 and inadequate evaluation in the DEIS.

A second alternative that must be considered is to z locate

the "Park" several miles from the power stations. In the case of

6.2.7 nuclear, thb would provide additional protection for both

accident and normal operation. Consideration should also be given

to the use of an additional heat exchanger at the "Park" end. of
6.2.8 the connecting pipeline. If the nipbline were operated xi; at

lower pressure than:the "Park" xxv service water, this would lower

the nuantitieso*f radioactivity reaching the park.

Consideration should be given to the restricting of activities
8a as to eliminate all food or agriculture industries. This

6.2.9 would hopefully, lower the normal population dose expected.

The use of floodplain areas fw the "Park" seems particularly

inappropriate. If this is such a useful idea other lands should
6.2.10 be fouad that are more appropriate.

ex> 
N 6.2.3 

6.2.4 

6.2.5 

EnvirGnmental Impact of the 

i':atts Bar l'last~ Heat Park 
by 

~illia. A. Lochstet, Ph,D. 

The Pennsylvania State University. 

December 1960 

Tile Tennessee Valley Authority has attelllpted to evaluate 

the enviroMental Il1pac~ or its proposed \Plaste Heat. Park 

at the '~att8 Bar site in its October 1960 Dr-iftEnC1nlUlert.al 
Illpa ct sea teftlent I DElS) , 

The expected radiolor;ical con'seouencea are calculated in~ 
terms of individual exp?sures t. as shown in Tables 4.3- 2 ,'A.4-3, 

and A.4-4. The total population d~ses should, and must be 
eval~te.. In particular, this represents a chan,e in the 
population in closeprexillity to the Watts Bar plant' the 
Waste Heab Park empleyees). Because or this added population, 

there will be an increased population dose to this population, 
The reouirelllent or 10 eFR 50 Appendix I is I: that all reasonable 
additions be lIuids h reduce emissions until a balance is reached 
at .lO~O per totai body person-rell~ or per thyrelel person-rell. 

In addition, the products or the "Park" will contain !!!! 
radioactive I118.terial, re!;ardless of hGwslilall. The effects.r 
thia aD the ,;eneral public ahould be enlua'te. I custollera) in 
terms or person-rem populatisD d08s. If rooel i& to be ~rown 
in, this "Park" it is particularly critical that this' be done 
in ,.ood Caith aereQuired by NEPA. The marketabUity and puUic 

acceptance or auch material. lilly not be "edti ve. 

The optoNiatie assurance that water supplied te the "Park" 
is unlikely te contaln radioactivity ( DEIS, ra~e A-26) needs 

• The opinlans andcalculathris clIntained herein are lIy twY\, 
and n.t necessarily those sr the Pennsylvania Sta teUni versi ty, 
which arfiliation is for identif1cation purp~ses only. 

Watts BoIr 
Dec 1980 2 

to be censidered very carefully. Since steam !;enerators are 

kn.wn to develop leaks, aa well as condensors, and falll fue! 
rods, it _1 not be a. unl1kelyCor raUo.etivtty to be present 

in condensor coolIn,; water. This IIIUst br evaluated nUlllerically. 

The ideal sIte ,r .. such a "Park" w.uld be at' a raulti-unit 
colil tire4 lecatien. The use or cul WGuld ,reatly reduce the 
pr.blells,or raditaetivity in the pro.ucts and wtrker exposures, 

1JIlit: TA18 alternative 18 reject .. en,the basis oC a very curstry 

6.2.0 and inadequate evaluation in theDEIS. 

A sec.ndalternative that niust be considued is to It ltcate 

the "Park" several ailes rrom ths power stations. In the case or 
6.2.7 nucHar, thi! wtuld ,nrovUe ,aciditional prttecthn ror bttb 

accident and normal operation. Consideration sh.uld als,t be !;i Yea 
to the use or anaddi~lanal heat eXchan,er at the "Park" en. or 

6.2.B the cennectin( pipeline. If" the plpUine were operated U at 
ltwer pressure thanthe,"PBrk" ulli service water, this would lower 
the Quantities' or ra,dlaaetiv1ty reachin~ the park. 

I ' 

Consideration should be r;1ven te the restrictin~ or actiVities 
so as te eliminate all rOGd tr a,riculture industries. This 

6.2.9 would hopefully lower the normal population deso expected. 
The uS,eor f"loedplain areas r .. the "Park" seells particularly 

inappropriate. I~ this is such a userul idea other lands shaul. 
6.2.10 be roua. that are 1II0re appropriate. 



MEMORANDUM DEPARTMIENT OF HEALTH, ID'CATIION, AND ,,ELFAREPUBLIC HEALTH SERV'ICE

FOOD AND DRUG ADMINISTRATION

TO Dr. Mohned T. E1-Ashry, Director of DATE: Deowte 15, 1980
Environmental Quality, Tennessee Valley
AuthorityKncxville, Tenmessee 37902

FROM Buzz L. Hoffbinn, Ph.D. Chief, Envirormental and Economic Anilysis
and Research Section

SUJECT-: DRAFT MMl1MMLJ 'ACT S"AT ir-piPMcSED WATIS BAR W?&TE HEAT PARK

I have attached, as FDA's response to the Draft inviro•miental Bnpact

Statement covering the proposed Watts Bar Waste Heat Park, comments pre-

pared by Dr. William Stroube, of the Bureau of Foods.

Any Questions you ray have regarding his comments should be directed

to him. He may be reached at 301-921-3216.

Buzz L. Hoffmarnn Ph.D. Chi6f,
Environnental and Economic
Analysis and Research Section

12-24-80--M£E
cc: L. B. Goss, 1110 CST2-C

W. W. LaRoche, ElC.ý=
L. H. Woosley, 375B14,1-CEQS I 1

_1A

.......... ...................... ..

. ... . • -.--

IvILMUKAN DUM

TO : Buzz Ho0man, HFF-26

u~rAKftI?¶1q UF HEALTH'ARV .HUMAN SER~UCES
. rSLIC HEALTH SERVICE

FOOD A"D DRUG ADMINISTRATION

DATE: t'ecembeA 3, 1980

Fmom Reueakch Chexi..t, AnatYtwZca ChewmAt~y 9 Phy~ic.8 BSunch, HFF-456

SUBjECT: Rev'Lew oj V'~adt Ernu'iom~entat Impact Statement -Pxopo~.ed Didt6 SaA Wa..te
Heait PdAk

Az. keqLue~ted, tltca d~radt envZ-towenmntat impact 4ta~temenmt (DEIS) h~a. been
kelJiewJed to detev'tmne arty impact ojkd iuzdot-Zve ernL .Loi upon 6ood pADo-
ducti.on in this pktoject. with a ctoaed-toop cooling towuet ape/ta-tion,
zauhdAa the kWa-tt 5aA' Ptantf, no contact i4 made be~tween 4ytcm contaiZn-ing
aadiLonuctLideh and the u~e o6 the caute heat. UnfdeA nokmtm oprvtatutg
conditiona, the ,tadionuctide emiA,6ion 6k'om thi6 ptant witt be *tcgf4Libte.

Sampling a6 Ltern p'toduced at -the tva.te Heat PoAkd atitf be pe/tda'uierd by
the Tenne6Ae Vattey Au~thokity, d-6 dehoubed in Section 4.3.4.4.2 aS thea
DEIS. FDA woutd puwbabty allo aampte Saodb p4oduced iZn uch a. Lýtuttdta
&.6 paxt oj CLoutin0- auaveiLtance .in the Radianucti~deA in F04d. /tao/am.
Bas ed upon oak. paat expe-vience oe monitoring 6ood6s gh'.awn nea.% ntuctea~t
poweA peant6, the Watts 5&A Wdate Heat PaaJt wLU~ not be adcjected by
emi~Ahin dkoin the adjacent nucteaA poweA ptantt.

WitLiam 8. S-t/oube, Ph.D.

AttachmentA

00 
W 

MEMORANDUM DEPARTMENT OF HE .. \LTH, I.DL·CATIQ.<i.t, .~ND WELFARE 
PUBLIC HEALTH SER\"ICE 

TO 

nOM : 

SUI\IECT: 

rOOD AND DRUG ADMINISTRATION 

Dr. M:tIaIIEd T. El-Ashry, Director of 
Enviromental Quality, Tennessee Valley 
Authority, Kroxville, Teneessee 37902 

DATE: Decent>e( 15, 1980 

Buzz L. Hoffmann, Ph.D. ctrlef, EnViromJental and EcollClllic Analysis 
and Research Section 

DRAFT ElNI~ IMP1Cl' STAmtEm'-PKlPCSED WATrS·· BAR WASTE HEAT PARK 

I have attad\ed, as fllI\ 's response to the Draft I:nvirormmtal Inpact 

Staterrent covering the proposed Watts Bar Waste Heat Park, C011T1elIts pre

pared by Dr. william Stroobe, of the Bureau of Foods. 

Any C\lestions you may have regarding his carments should be directed 

to him. He lNIy be reached at 301-921-3216. 

Buzz L. IbffIMnn Ph.D. Chi~f, 
Environnental and Economic 
Analysis and ilesearch Section 

.lvU.MUKANDUM v~rAKIM~NI Uf HEALTH"AND ~UMAN SERIICES 
PUlUC H£ALTH sn VlCt 

fOOl) AHtl DRUC ADMIHIST1I.ATlOH 

TO Buzz Ho&6man, HFF-26 DATE: PeCembtA 3, 1980 

BOM , RUeM.cIt Chemi6t, Ana.ly.ti.c.a.t ChemUtAy & PhY4.i.CA &ta.ndt, HFF-4S6 

IUlIjl!CT, Rtview 06 OJtll6t Enll.ilLollJllen..ta.l Impact S.ta.tement - Pllopo4td Wa..tu BalL .u1a..\te 
Hut PaAk 

A4 llequuted, tlti6 dlta6t enll.l.\OIllllCrtta.l .u..pal!.t -6.ta..tl!/!ltn.t (OEISt r.CUI been 
llev.(.wed to dtteJJ.mine any .unpa.ct 0& JtIlcUoa.cUve e.mL6~.iOI\.6 upon 600d p.\O
du.cUon .in thU plloject. w.i..th a. clau.d-toop cooUlIgtOtUM aptJUlUan. 
6u.ch a..\ the Wa..tU 8a/L Plant, no contact .u made b~.tween 4 Y6tCJn6 c.O'I.ta.in.ing 
Md.i.Ortu.c..UdU and the U.Hll 06 .the IIW.te hut. UndeA naiUlULt ope.\atLltg 
eOlld.iUoM, the Md.i.oruLc.Ude e.mL64~01\.6 6llam .thi.A plant w~U be ncgUg.ib!e. 

S41IIpUng 06 Uenl4 plloduced a.t .the (~lLl.te He:1t PalL!z w.u.f be pe\6C1lmed by 
the Te""u~ee VaUey Au..thoJJ..i..ty, a..\ dUCA.ibed .i.n Section 4.3.4.J.Z 06 tlte 
1'EIS. FOA lIlould pll.obab{y alAo 4ampte 60oc1.6 pllodu.ced.in ~u.clt (1 ) Ltll(1ti.CII 
44 palI..t a6 llou..t{ne. o6u.AIle.i.Uanc.e • .in the Rad.io"uce..:d~ .in Food.l P.\ag.\am. 
BCUled upon OLlll Pa..\t expeJJ..ience oG man.ita~..i.ng 60aM glLOtUn 'leM 'lllc.fCa.\ 
powVt ptan.a, .thl Wa..t.t4 8a/L W44.te Hea.t Pall//. w-<.,U not be a66cctcd by 
emU6.ion 6llOl!l tile adjacent ruLcteM pOWeA plant. 

tJ~--- .~~j~ 
w.i.tUam B. S.Or.oube, PI •.• O. 
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Energy People

120 31st Avenue North * Nashville, Tennessee 37203 % (615) 269-6786

J 0 810112 2.54

Lm-~DAYI 014, f.J.-a.

Dee~mbc& 16, 19580 * i

kTAtn0o wt., LZOPCJP OV•2 1PA-A f~

40R (OIw' (0

6.222.1 pbL UCr mv'"a IAAJA fl'

me1'I IlM"

A~ ThJ',' por CPSC ~ .. ~

D4. Mohame'd T. * E-A.ýhkty,Vixec~toA
Enui)OtMCIhtat.QUdtitY StaAS
O4d-iee aj Natu~at gojeAUCC6
FoAQAteatq SuA.td.Ljzq
kvtAiAL, Tenin 37822

DeeA OIL. Et-AsJ-~g.

A4 P.'es.ideut and (in beftatj 06 the G.jeatc~i Vayt on
AAtra Choambek~ 04 Commitece, I 10an~t to At)Lof(J Voicee
ou.A ~et~ings aut the impo'tauce 0 j the dcv~elopment
o6 the WdktC Heat Induat~y IPah1 at the WVatts BdIL
NtfcteaL flan~t.

We want to oneulage you 4 1 att 144Y P0,~f -'a FIL CEJVED,
ketping to Accit~e the jeend6 needed to devetop the Z&
pa~k. Applicaton4 at-teadJ .teccZvcd j-~om conipanLeA
that want to ZOCdate in the pa~k aeA tin eixcetten-t JAN I ý 1981
-Lnd~ca~tion oj the inte~tet kfiown. Thi6 woutid atdo

" ea soiLetdJ needed 6oost tv the economyu hcx'e in WAZrE $IZAT
Rhee County, UTLIZATION SR.Aftc

W~e taook hatwapd to heahA'z q 44om you and weC wouttd R ICEV
tike to oh leA any aA~i6tanee pob4Zbte. ost t~hi ma. ---l

S ehy u..t.

3aef )Sith, P)e,,ident
GteU-CeA Qaytom Aaea
Chambe4t o6 COMMt~tCe

cc: L. B. Goss, 1110 CST2-C
W. W. LaRoche, ELIOC55 C-X

I., H WholoX.7518, 401B-C
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Energy People 

120 31st Avenue North • Nashville, Tennessee 37203 • (615) 269-6786 

"])<tL ~tR 1:5, l [..~ ~ 

.~- .... ) 

J''IN tli; 1931 

'6\ uut~ ,-(OUR<', 

-:tf'rln! \O!.l~(( 
16~ W'ifb~ itQ{'I.t, :Ct.!~. 

~S-:·-=(J:lz:,~ftq\Jtc..-r t)V\ Tlt1"':. l}, ... ~.( l\ cOf\.{ or n{~ £.1:'. s. ~ 
f>n \M.~ /\<:> u>,,-\,t}<.,wLlOulC.t/ -"('~O"" 1'ft.L.1l10S'(.. wt(OC~N:)J1 

--::(''--~ , 

.. 
'"" '-t, J" ~. 

, ,. 

J 0 1 8 1 0 1 1 2 2 5.4 ;. 

11.1t. llrillamed T. U-A~h1t!l.V.LJt(l.ctOlL 
£"Vi.ltORme~t4t·ludtity Stad& 
OU~:CCQ~ Watultal Re~oultee~ 
fQlte.~It!l Building 
I/vll..lti.II, Telill 37128 

I)~a.lt Pll. Et-A~lIJt!l, 

A.~ PJtr.sidelit /IIId ,HI behal6 0& the r..H!a·t,~ l 'OCl.Ij.t,on 
A.lten Chn~be.lt 0& Comme,ce, J want ~o at.ltoR9ty voice 
OWl 6etUligd Oil tIle .i.mpOlI.tallcC DO .tlll! dcvdo'flmellt 
06 t'le lIIa4.tc lIe4~ Indu<l.tll.!/ 7'alLI< at .the (Vatt~ BM 
I/Ilct II. M. Plant, 

II/e want to elle~u.ltllg, you .LA atl way. pO'J~bte ill 
ltetp.(."S to 4eCIlJte ~he 'ltnd~ lIeeded .to rJ~vetop tl,e 
paJtk. Applicati.onll ailteady Jtecei.ved ~lI.om compall.tll.<l 
that wa.ltt to tocate. .ill .the paltk Itlte an eHeUtcn.t 
.Lndica.ti.1111 o~ tlte in.tll.lleH ~ItOWII. Thi.6 wOlllel lIl.dO 
g.iv~ a. II()1!.e.iy needed b006t tv tile. eeonolnlJ /telle .tll 
Rh til Countlj. 

111: CEIVEl) 
£I)&! 

JAN 1;) 1981 

WotTE 11<1.1 
UTlUlJlrl:ffl BRAHCIf 

RECElVE tJt ~-_.__ . 
. c:.~ r :::;1£, 

12-19-80--MKE 
c:c:: L. B. 



'. • United States Department of the Interior
OFFICE OF THE SECRETARY

WASHINGTON, D.C. 20240

31 80/1269

DEC I ~18
Mohamed T. El-Ashry, Ph.n.
Director of Environmental

Quality
Tennessee Valley Authority
Knoxville, Tennessee 37902

Dear Dr. 2l-Ashryt

We have reviewed the draft environmental impact statement for
the Watts Bar Waste Veat Parko Rhea County. Tennessee. Our
comments are presented according to the format of the statement
or by subject.

B.5.3 hunting opportunity. It would be advisable to incorporate

provisions for the establishment of a wooded buffer strip
adjacent to the wildlife management area. In addition, to
assure that the 40 to S0 acres of wetlands within the park

0.12.4 site are not adversely impected, a buffer strip should also be
established around them.

We hope these comments will be helpful to you it the preparation
of a final statement.

Sincerely,

Jiuuwas h. Rat•klesbergsr

Speoial Assistant to

Aselsta*4 SICILTARY

bc: L. Barry Goss, 1110 CST2-C
W. Walter Laroche, EIOB 8 C-K2.4

Nuclear Safety Systems

The draft statement indicates that "There is little conflict
with nuclear safety-ralated systems" on page 9. item s. We believe
that any such conflict should be fully identified and evaluated
in the main body of the environmental statement, As the present
references to safety on pages 6. 7. 9, 11, 53, 57, 3-1 and 9-2 do
not clearly encompass nuclear safety-related systems.

Groundwater

B.3.2.2 We suggest that because of the proximity of the water-vell field
of the Watts Bar Nuclear Plant, at least a typical long-term
radius of Influence should be included for the wells which are
expected to yield 1,000 to 1,500 gpm to supply the proposed
facilities.

Wetlands

B.12.4 We are concerned about potential impacts as wetland values from
development adjacent to wetland areas. The State controlled
Yellow Springs Wildlife Management Area on the vast aide of trie
proposed vaste host park is Intensively managed for wintering
waterfowl, and utilized throughout the winter. During peak
concentratioms In late January 15,000 to 20,000 waterfowl, mainly
mallards and black ducks, use the Cbickanauga Lake area. During
the hunting season a portion of the wildlife management area
adjacent to the proposed park provides substantial recroetionel
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CITIZEN ACTION LINE CALL BY: CA 80/12/16 09:34 C02095.CA

SUBJECT CODE: N TYPE CALL: PC STATUS: C

SUBJECT: NUCLEAR- WB WASTE HEAT PARK

ANN DILLARD HOM4E PHONE: 615/775-9571
P.O. BOX T474
DAYTON, TN 37321 BUSINESS PHONE:

MAJOR POINTS: IS IN FAVOR OF THE WASTE HEAT PARK PROPOSED FOR
WATTS BAR NUCLEAR PLANT. SAID SHE HOPES TVA WILL GO ANEAD 1IT77
PLANS BECAUSE PROJECT WILL MEAN A GHEAT:DEAL TO THE LOCAL COMMUNITY.

ACTION: ;ASSURED MS. DILLARD THAT HER COMMENT WOULD BE RECORDED.

DISTRIBUTION: CAL FILES (1)

CITIZEN ACTION LINE CALL BY: KG 80/12/16 i7:46 C02185.KG

.SUBJECT CODE: L TYPE CALL: PC STATUS: C

SUBJECT: LAND-USE

CLAUDE REAL HOME PHONE:
DAYTON, TN BUSINESS PHONE:

MAJOR POINTS:
VISITOR: PHIL HYATT

MR. REAL CALLED TO SAY HE IS IN FAVOR OF THE THE RHEA COUNTY WASTE HEAT
INDUSTRIAL PAK.

SAID HE READ IN THE LOCAL PAPER THAT HE COULD REGISTER HIS OPIN4ION WITH
THE CITIZEN ACTION LINE.

DISTRIBUTION;CAL STAFF

DISTRIBUTION: CAL STAFF (1)

CITIZEN ACTION LINE CALL BY: JD 80/12/17 10:50 C02198.JD

SUBJECT CODE: N TYPE CALL: PC STATUS: C

SUBJECT: NUCLEAR- WB WASTE HEAT PARK-SUPPORT

PAM COROIN HOME PHONE:
RT. 4, BOX 24OA
APT. IC
DAYTON, TN 37321 BUSINESS PHONE:

MAJOR POINTS: WANTED TO SAY THAT SHE WAS IN FAVOR OF TIE WASTE HEAT
PARK. AT WATTS BAR.

ACTION: EXPLAINED THAT HER COMMENTS WOULD BE MADE PART OF THE RECORD.

DISTRIBUTION: CAL FILES. 1)

CITIZENACTION LINE CALL .:BY: JD 80/12/17 13:02 C02211.JD

SUBJECT CODE: N TYPE..CALL: PC STATUS: C

SUBJECT: NUCLEAR- lWB WASTE HEAT PARK-SUPPORT

BILL EDGEMAN HOME PHONE:
•RT. 5, iBOX 233

DAYTON,• TN ,.37321 BUSINESS PHONE:

MAJOR POINTS: WANTED TO STATE THAT HE IS IN FAVOR OF THE WATTS BAR
WASTE HEAT PARK.

ACTION: 'EXPLAINED THAT HIS COMMENTS WOULD BE INCLUDED WITH THE
RECORD.

DISTRIBUTION: CAL FILES (1)

CITIZEN ACTION LINE CALL BY: CA . 80/12/16 09: 34 C02095.CA 

SUBJECT CODE: N TYPE CALL: PC STATUS: C 

SUBJECT: NUCLEAR- ·WB WASTE HEAT PARK 

ANN DILLARD Ho.'1r: PHOIlE: 6151775-9571 
P.O. BOX 474 
DAYTON, TN 37321 BUSINESS PHONE: 

HAJOR POINTS: .15 IN .. FAVOR OF TIlE.WASTE Hr.AT PARK PROPOSETl fOR 
IIATTS BAR 'NUCLf:AR pLANT. SAID SHE HOres nA WILL ·GO /Iff SAil HTnI 
PLAIIS .l!gcAUSE PROJECT WILL !-lEAN A CHEAT DEAL TO TilE LOCALCOMHUtH'!Y. 

ACTION: ,ASSURED 115. DILLARD THAT HER.cor1MEtiT WOULD BERECOROED. 

DISTRIBU.TION: CAL FILES (1) 

CITIZEN ACTION LINE C.ALL BY: KC 60/12/16 ';7:46 

'SUBJECT CODE: L TYPE CALL: pCSTATU5: C 

SUBJECT: LAND-USE 

CLAUDE REAL 
DAYTON, TN 

HAJOR POINTS: 
VISITOR: PHIL HYATT 

HOf-1E P HONF. : 
nUSINESS PHONE: 

C021B5.KG 

HR. REAL CALLED TO SAY HE IS IN FAVOR OF THE THE RHEA COUNTY WASTE HEAT 
INDUSTRIAL PAtiK. . 

SAID HE READ IN THE LOCA~ PAPER THAT HE 'COULD REGISTER HIS OPHIION WITH 
THE CITIZEN ACTION LINE. 

DISTRIBUTIOll; CAL STAFF 

DISTRIBUTION: CAL STAFF (1) 

CITIZEN ACTION LINE CALL BY: JD B0/12/17 10:50 

SUBJECT CODE: N TYPE CALL: PC STATUS: C 

SUBJECT: NUCLEAR- WB WASTE HEAT PARK-SUPPORT 

PAM CORDIN 
RT. 4, BOX 240A 
APT. lC 
DAYTON ,TN 37321 

HOHE PHONE: 

BUSINESS PHONE: 

C02198.JD 

H"JOR POINTS:' .WANTEDTO SAY. THAT SHE. WAS IN FAVOR OF TIlE WASTE HEAT 
PARK. AT ·.WATTSBAR. . .. 

ACTION: .. E.XPLAINED ,1:HAT HER COMMENTS .WCULPBE HADE PART OF THB RECORD. 

DISTRIBUTION: CAL FILES. ( 1 ) 

CITIZElI .. ACTlON LINE. CALL .BY: JD 80/12/17 13:02 

SUBJECT CODE: N T~PECALL:PC STATUS: C 

SUBJECT: NUCLEAR- WI! .. WASTE· HEAT PARK-SUPPORT 

BIU. EDGEHAN 
RT. 5,:BOX 233 

. DAYTON ,.1N,37321 

HOME PHONE: 

BUSINESS PHONE: 

C02211.JD 

HAJOR·POINTS: WANTED· TO STATE THAT HE IS IN FAVOR OF THE WATTS BAR 
WASTE· HEAT PARK. . 

ACTION:.'EXPLAINED THAT HIS. COMMENTS WOULD BE ,INCLUDED WITH TIlE 
RECORD. 

DISTRIBUTION: CAL FILES (1) 



CITIZEN ACTION. LINE CALL BY: JD 80/12/17 13:47 C02212.JD

SUBJECT CODE: N TYPE CALL: PC STATUS: C

SUBJECT: NUCLEAR- WB WASTE HEAT PARK-SUPPORT

PHIL LOEFFLER HOME PHONE:
P.O. BOX 381
DAYTON, TN 37321 BUSINESS PHONE:

MAJOR POINTS: WANTED TO VOICE HIS SUPPORT FOR THE WASTE HEAT PARK
AT WATTS BAR. FELT THAT IT WOULD BE A GOOD THING FOR RHEA COUNTY.

ACTIOJ: EXPLAINED THAT HIS COMMENTS WOULD BE MADE A PART OF THE
RECORD.

DISTRIBUTION: CAL FILES (1)

CIT7.LN tCTILON LINI CALL BY: JD UU/12/17 1,:511 COU.;21.JD

SUBJECT CODE: N TYPE CALL: PC STATUS: C

SUBJECT: NUCLEAR- WO WASTE HEAT PARK-SUPPORT

KENT GREEN 1|(4E PHONE:
P.O. BOX 456
DAYTON, TN 37321 BUSINESS PIIONlE:

MAJOR POINTS: WANTED TO SAY THAT HE WAS IN FAVOR OF THE WASTE HEAT
PARK AT WATTS BAR.

ACTION: EXPLAINED THAT HIS COMMIENTS WOULD BE MADE A PART OF THE
RECORD.

DISTRIBUTION: CAL FILES (1)

CITIZEN ACTION LINE CALL BY: OC 80/12/17 14:45 C02217.GC

SUBJECT CODE: N TYPE CALL: P STATUS: C

SUBJECT: NUCLEAR- WB WASTE HEAT PARK

STEVE DILLARD HOME PHONE:
DAYTON, TN BUSINESS PHONE:

MAJOR POINTS: WANTS HIS COMMENTS TO BE KNOWN OH THE WATTS BAR. WASTE
HEAT PRAK. IS DEFINITELY IN FAVOR OF IT; FEELS IT WOULD BE AN ASSET
TO RHEA COUNTY DUE TO THE HIGH UNEMLOYMENT RATE THERE; FEELS THE
GENERAL CONSENSUS OF THE COMMUNITY IS TO SUPPORT THE PROGRAM.

DISTRIBUTION: CAL FILES (1)

CITIZEN ACTION LINE CALL BY: BM 80/12/17 17:28

SUBJECT CODE: N TYPE CALL: PC STATUS: C

SUBJECT: NUCLEAR- WB WASTE HEAT PARK SUPPORT

GRACE SAWYER HOME PHONE:

, • BUSINESS PHONE:

MAJOR POINTS: W. 0. BROWN'S CALL.

CALLER ENDORSES HEAT PARK AT WATTS BAR.

ACTION: EXPLAINED THAT CALL WOULD BE DOCUMENTED.

DISTRIBUTION: CAL FILES (1)

C02242.BM

CITI7.£NACTION.LINE CALL BY: JD 80/12117 13!~7 

SUBJECT CODE: N TYPE CALL: PC STATUS: C 

SUBJECT: NUCLEAR- we WASTE HEAT PARK-SUPI'ORT 

. PHIL LOEFFLER 
P.O. BOX 381 
DAYTON, TN 37321 

1D1f: PHONE: 

BUSINESS PHONE: 

C02?12.JD 

MAJOR POINTS: WANTED TO VOICE HIS SUPPORT FOR THE WASTE HEAT PARK 
AT WATTS BAR. FELT THAT IT WOULD BE A GOOD THING FOR RHEA COUNTY. 

ACTIml: EXPLAINED THAT HIS CC»IHEIITS WOULD BE HADE A PART OF THE 
RECORD. 

DISrRIBtlTION: CAL FILES (1) 

CIT L7.1::N (,(;'I'WII LINI'; CALL OY: JD llUI12117 1j:~11 

SUBJECT CODE:. N TYPE CALL: PC STATUS: C 

SUBJECT: NUCLEAR- WB WASTE IlEAT PARK-SUPPORT 

KEIIT GREEN 
P.O. BOX 456 
DAYTON, TN 37321 

1I011E PIlONE: 

BUSINESS P 1ID:lF:: 

CO~;-IJ.JIJ 

MAJOR POINTS: WANTED TO SAY Til AT HE WAS IN FAvon Of' THE 14ASTE HEAT 
PARK AT WATTS BAR. 

ACTIOII: EXPLAINED TIIAT HIS COMMENTS HOULD BE MADE A PART OF THE 
. RECORD. 

DIS'fRIBUTlON: CAL FILES (1) 

CITIZEN ACTION LINE CALL BY: GC 

SUBJECT CODE: N TYPE CALL: P STATUS: C 

SUBJECT: NUCLEAR- WB WASTE HEAT PARK 

STEVE DILLARD 
DAYTON, TN 

HOME PHONE: 
DUSINESS PHONF.: 

C02217.GC 

MAJOR POINTS: WANTS HIS COMMENTS TO BE KNOWN ON THE WATTS BAR WASTE 
HEAT PRAK. IS DEFINITELY IN FAVOR OF IT; FEELS IT WOULD BE AN ASSET 
TO RHEA COUNfY DUE TO THE HIGH UN91LOYMENT RATE THERE; FEELS THE 
GENERAL CONSENSUS or THE COHMUNITY IS TO SUPPORT THE PROGRAM. 

DISTRIBUTION: CAL FILES (1) 

CITIZEN ACTION LINE CALL BY: BM 80/12/17 17:28 

SUBJECT CODE: N TYPE CALL: PC STATUS: C 

SUBJECT: NUCLEAR- 'WB WASTE HEAT PARK SUPPORT 

GRACE SAWYER 
,TN 

MAJOR POINTS: W. O. BROWN'S CALL. 

CALLER ENDORSES HEAT PARK AT WATTS BAR. 

IIOI1E PHONE: 
BUSINESS PHONE: 

ACTION: EXPLAI~~D THAT CALL WOULD BE DOCUMENTED. 

DISTRIBUTION: CAL FILES (1) 

tOZ2~2.BH 



XFGI;IN IV

DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT
ATLANTA REGIONAL OFFICE

RICHARD B. RUSSELL FEDERAL BUILDING

75 SPRING STREET. SW.

ATLANTA, GEORGIA 30303

December 18, 1980 IN RIt.LY REFER To

4C
B.9.3

5. Without knowing the existing unemployment in the area it is
difficult to determine whether all of the employmient would
come from the immediate area. If the employment will be an
influx, there will be changes in the infrastructure and
services. This has not been sufficiently discussed in the EIS.

Dr. Mohanmed T. El-Ashri
Director
Environmental Quality Staff
Tennessee Valley Authority
Natural Resources Building
Norris, Tennessee 37828

Dear Dr. EI-Ashri:

We appreciate the opportunity to review the Draft EIS for the proposed Watts
Bar Waste Heat Park, Rhea County, Tennessee. Our comments are as follows:

B.12.1 1. In the Executive Summary it is indicated the irreversible and
and irretrievable resources will primarily be building materials,

B.12.2.2 wildlife, open space and soil quality and quantity. However,

it seems from the report there may be a loss of floodplain areas
which are a significant resource. Further. it is not indicated
whether this land is classified as prime farmland by the U.S.

4.3.4.8 Department of Agriculture.

6. The EIS does not indicate whether there will be'fill material
B.12.1 placed in the floodplain. There should be discussion of how

this development will change the floodplain.
B. 12 .2 .2

7. There is concern with the food processing industries causing
4.2.3.9 substantial odors on residential and recreational areas. An

evilumtinn of the appropriate landfill fnr the food processing
disposal is needed to determine indirect impacts.

If we can be of further assistance please contact Ivar 0. Iverson, Regional
Environmental Officer, at 404/221-4096.

Sincerely, ,

,. GeraldIne d . Thompson
- / glonal Administrator

2. There is not a clear estimate of the potential employment. On
page 22, it indicates the operating labor force would be 6 to 10
full-time employees and 3-to 5 part-time employees per acre.
With 100 acres of greenhouses this represents approximately
1,500 employees at the maximum expected enployment rate. This
is a significant number of workers. At the minimum expected
employment rate there will be 900 employees. In addition to
this employment they are estimating 100 - 300 employees for full
industrial development. This could represent an employment of
1,800 employees at full development.

3. With the potential employment of 1,800 there could be a significant
traffic problem from this employment generator. This employment
generator will have a high volume of trucks to transport the
finished food products. There is no discussion of these issues.

T1
C ,,,...• " I.... .B.9.2

A.9.3

4. There is little discussion of the noise impacts this traffic will
have on residential areas along the major transportation system.

4'3.4.4.1 On page 57, it is indicated there are no local or Federal. noise
regulations applicable to the park at this time' There may not
be any standard directly related to the park but HUD has'established
noise-standards for residential areas which would be impacted by the
increased traffic on the highways and railroads.

AREA OFFICES
ATtANTA. OSOP1&. 4-9-,NenA, LSIA'A COLUMBIA, SOUTH .AROL.A .GEEN$1ORO. oR . 8,WN -As.O... ..ISlIillfl

JACKSON-EL9. FLORtO&.KNDICU S. TXNMESSIS' -U-1-,SYt
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OEPARTMENT OF HOUSING AND URBAN DEVElOPMENT 
ATLANTA REGIONAL OFFICE 

RICHARO 8, RUSSELL FEOERAL BUILOING 

75 SPRING STREET. SoW, 

ATLANTA. GEORGIA 3OJOJ 

December 18. 1980 IN RM"LY REFER 'T\.l 

4C 

Dr. r~ohamed T. El-Ashri 
Director 
Environmental Quality Staff 
Tennessee Valley Authority 
Natural Resources Building 
rlorris, Tennessee 37828 

Dear Dr. EI-Ashri: 

We appreciate the opportunity to review the Draft EIS for the proposed \'Iatts 
Bar Waste Heat Park, Rhea County, Tennessee. Our COllll1ents are as follo~ls: 

B.12.1 1. 
and 

B.12.2.2 

4.3.4.6 

2. 

B.9.2 

3. 

A.9.3 

In the Executive Summary it is indicated the irreversible and 
irretrievable resources will primarily be building materials, 
wildlife, open space and soil quality and quantity. However. 
it seems from the report there may be a loss of floodplain areas 
which are a significant resource. Further. it is not indicated 
whether this land is classified as prime farmland by the U.S. 
Department of Agriculture. 

There is not a clear estimate of the potential employment. On 
page 22. it indicates the operating labor force would be 6 to 10 
full-time employees and 3 "to 5 part-time employees per acre. 
With 100 acres of greenhouses this represents approximately 
1,500 employees at the maximum expected employment rate. This 
is a significant number of workers. At the minimum expected 
employment rate there will be 900 employees. In addition to 
this employment they are estimating 100 - 300 employees for full 
industrial development. This could represent an employment of 
1,800 employees at full development. 

With the potential employment of 1,800 there could be a Significant 
traffic problem from this employment generator. This employment 
generator will have a high volume of trucks to transport'the 
finished food products. There is no discussion of these'issues. 

There is little discussion of the noise impacts this traffic will 
have on residential areas along the major transportation system. 
On page 57. it is indicated there are no local or Federal noise 
regulations applicable to the park at this time;' There RlaY not 
be any standard directly related to the park but HUD has~established 
noise-standards for residential areas ~Ihich would be impacted by the 
increased, traffic on the highways and railroads. ' 

2 

B.9.3 

B.12.1 

B.12.2.2 

4.2.3.9 

5. Without knowing the existing unemployment in the area it is 
difficult to detennine whether all of the emploY'ment woutd 
come from the immediate area. If the employment will be 'an 
influx. there will be changes in the infrastructure and 
services. This has not been sufficiently discussed in the EIS. 

6. 

7. 

The EIS does not indicate whether there will be'fill material 
placed in the floodplain. There should be discussion of how 
this development will change the floodplain. 

There'is concern with the food processing industries causing 
substantial odors on residential and recreational areas. ' An 
pv~lu~tinn of the appropriate landfill for the food processing 
disposal is needed to deterrlline indirect impacts. 

If we can be of further assistance please contact Ivar O. Iverson, Regional 
Environmental Officer, at 404/221-4096. 

Sinc:erely, 

,-, 
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6.2 RESPONSES TO COMMENTS NOT INCORPORATED INTO TEXT

6.2.1 Response to EPA Comments 1 and 5

Near the Watts Bar site, the Tennessee River is classified as a
"water quality limited segment" for dissolved oxygen (segment of waters
or segments of waters which due to background quality, flow characteris-
tics, or waste discharges, require a level of effluent control more
restrictive than the control produced by utilization of practical con-
ventional unit treatment processes, BPTCA, BATEA, or NSPS). According
to Tennessee Department of Public Health Rules on Effluent Limitations
and Standards (1200-4-5-.04):

Permits for all existing or proposed discharges to
water quality limited or proposed water quality limited
segments of the State's waters may include, when neces-
sary to maintain assigned classifications, individually
calculated effluent limitations on any parameter more.
stringent than BPTCA, BATEA, or results of treatment
by practical conventional.unit treatment processes.

*At this point several industries (greenhouses, leather tanning,
ethanol) have expressed interest in the park as a potential location,
but no information has been developed by the industries on specific plant
designs, processes capabilities, effluents, or treatment methods. There-
fore, it is not possible at this stage to determine the specific amounts
of pollutants each industry would discharge in lbs/day beyond the infor-
mation presented in Section 4.2. When industries do propose to locate
at the park and develop proposed designs and discharges, the.State of
Tennessee will require by permit that the industry meet individually cal-
culated effluent limitations for oxygen-demanding wastes. In addition,
TVA will review each potential applicant under NEPA and TVA's implementing
procedures, and if necessary, conditions will be placed on contracts or
easement agreements to protect the health and safety of the public, the
environment, and other interests of the United States. TVA will work with
EPA and the State of Tennessee to assure that State standards for protec-
tion of the water resources (in particular, dissolved oxygen) are met. As
appropriate, studies may be required to evaluate treatment effectiveness
and substantiate maintenance of instream oxygen resources.

The dissolved oxygen concentrations of the Tennessee River should
not directly limit development of the waste heat park. The cost of meet-
ing individually calculated effluent limitations may, however, prohibit
some industries from locating at the park.

6.2.2 Response to Department of the Army Comment 2

TVA will transfer the land to be utilized as a waste heat park by
the issuance of an easement to the park management organization. TVA
will specify in this easement that all potential park occupants submit
an application with appropriate environmental evaluations for review and
approval by TVA as well as the park management organization. TVA will
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subject the application with environmental evaluations to an interdisci-
plinary review in conformance with NEPA and TVA's implementing procedures.
In some cases it may be necessary for TVA to prepare an environmental
assessment or supplemental environmental impact statement. At that time
the necessary level of public and interagency review would be solicited
as part of the NEPA process. After this review, utilizing the informa-
tion provided in the application and the results of the NEPA review, TVA
would make a decision whether to approve or disapprove the application.
If approved, TVA will require as a condition in the park occupants' con-
tract with the park management organization, that the facility comply
with all applicable Federal, State, and local environmental laws, rules,
and regulations, and if necessary, any other conditions which TVA deter-
mines are in the best interest of the United States.

6.2.3 Response to W. A. Lochstet Comments 1 and 2

Although a population dose for WBWHP workers is not explicitly pre-
sented in Section A.4.2, one can be calculated using the information in
Table A.4-3. From this table the maximum dose from plant effluents to an
individual at the WBWHP is listed as 1.3 mrem/yr per unit, assuming con-
tinuous occupancy. Hence, the population dose to 350 personnel for a
2-unit plant is about 0.9 man-rem/yr. For a 40-hour per week occupancy,
the population dose to these personnel would be about 0.2 person-rem/yr.
This represents less than one-half of one percent of the dose to this
same population from natural background radiation. It is highly unlikely
that such a small population dose could be further reduced through altera-
tion of plant design and/or operation at a cost of $1,000 per person-rem.
However, administrative controls and operational procedures at WBN will
be implemented to ensure that all exposures are "as low as reasonably
achievable."

6.2.4 Response to W. A. Lochstet Comment 3

A precise estimation of the population dose to potential customers
of WBWHP products would require more detail regarding productivities and
product distribution than is now available. However, using the maximum
individual doses from Table A.4-3 for ingestion, the maximum dose to a
population of product consumers would be no greater than 4 to 8 percent
of the dose to the same population from natural background radiation. It
should be noted that this estimate assumed no decay time for transport
in the food distribution system and is therefore very conservative.
Further, product sampling will be conducted to confirm these estimates.
Should this program reveal significant impacts from WBN to these products,
measures will be implemented to restrict the production and use of the
products as necessary.

6.2.5 Response to W. A. Lochstet Comment 4

Evaluations have been performed as part of the plant design on the
probability of the condenser circulating water (CCW) becoming contami-
nated. Since the CCW is a tertiary system to the reactor coolant loop,
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it is very unlikely that it would become contaminated. An intermediate
heat exchanger (secondary) loop serves to isolate the CCW from any radio-
activity, thereby preventing any direct interaction between the reactor
and CCW, should a leak occur. If by chance there was a simultaneous
leak in the tertiary and secondary loops, subatmospheric pressures in the
condensers serve to prevent a leak into the CCW system from the secondary
system. As further safeguard, routine samples will be taken from the
waste heat park products to ensure there is no radioactive contamination
beyond that of normal background levels.

6.2.6 Response to W. A. Lochstet Comment 5

The primary reason for locating waste heat parks at TVA future
nuclear plants rather than fossil-fired plants is the higher waste heat
water temperatures. TVA's fossil-fired plants have less than a 20'F
temperature rise across their condensors with an open-cycle cooling sys-
tem operation, whereas all of TVA's future nuclear plants (Watts Bar and
beyond) have more than a 30'F temperature rise and have a closed-cycle
cooling system operation. This means that the average waste heat water
temperature at each fossil-fired plant is below 801F, while the average
waste heat water temperature at Watts Bar is 112'F and is over 100 0 F at
the other future nuclear plants. TVA's Paradise Power Plant unit 3 is the
only exception to these general characteristics for the fossil-fired
plants, but had to be excluded for the reasons as stated in Section 3.1
of the EIS.

6.2.7 Response to W. A. Lochstet Comment 6

Locating the park several miles from the power plant would decrease
the feasibility of waste heat use. The major disadvantage would be the
temperature drop in the waste heat water associated with greater dis-
tances. The present temperature drop for the waste heat park is approxi-
mately 3*F at a distance less than a mile. Greater distances would
increase this temperature drop significantly. Other disadvantages
include: additional capital investment, increased operating and main-
tenance costs, and higher pumping costs associated with the greater
distance.

6.2.8 Response to W. A. Lochstet Comment 7

The use of an additional heat exchanger between the waste heat park
and the power plant would decrease the available temperature to the waste
heat park occupants due to the low efficiency of low temperature heat
exchangers. Also there would.be a substantial cost associated with the
additional equipment.

6.2.9 Response to W. A. Lochstet Comment 8

As assessed in Section B.4.2.3, effluents from Watts:Bar Nuclear
Plant are not expected to affect products from the waste heat park. The
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Food and Drug Administration has reviewed the Draft EIS and concurs with
TVA's assessment. The Food and Drug Administration's comments appear in
Section 6.1 of the EIS.

6.2.10 Response to W. A. Lochstet Comment 9

As assessed in Section B.12.2.1, it would be impractical to locate
the waste heat park entirely above the floodplain, and development as
planned will be consistent with TVA's policy on floodplain management.
The U.S. Army Corps of Engineers has reviewed the Draft EIS and concurs
with TVA's assessment. The Corps of Engineers' comments appear in
Section 6.1 of the EIS.

6.2.11 Response to Energy People Comment 1 of December 15, 1980 Letter
and Comment 2 of January 9, 1981 Letter

Although we agree that the working and perhaps the residential popu-
lations would increase with the development of the park, we question the
estimate "of up to 2000" workers quoted in coment 2 for this demonstra-
tion waste heat park. It is estimated that the park would employ around
1100 people when fully developed.

Second, we question the contention that the increase in the workforce
at the site and the slight, if any, increase in the residential population
would complicate the radiological emergency evacuation plans for the Watts
Bar Nuclear Plant (WBN).

Regardless of which of these figures is used, the impact on the
emergency evacuation plans would be minor. The reservation is located
in a sparsely populated area, as is evident with reference to the pro-
jected 1980 census figures provided in the WBN "Final Safety Analysis
Report." Approximately 12,400 persons reside within the 10-mile emer-
gency planning zone and over 80 percent of these people live between 5
and 10 miles from the site. Furthermore, the addition of the 1100 WBWHP
employees to the WBN "Final Environmental Statement" manpower estimate
of 170 persons is not expected to cause more than a minor impact on the
evacuation time for the local population from the emergency planning zone.

It is our intention to include the WBWHP workforce in the evacuation
time studies, which will be contained in the WBN radiological emergency
plan. This document is to be submitted in its entirety to the Nuclear
Regulatory Commission early in 1982.

6.2.12 Response to Energy People Comment 2 of December 15, 1980 Letter
and Comment 1 of January 9, 1981 Letter

Radiological impacts to individuals. employed at the WBWHP were esti-
mated in Section A.4.2. These impacts were evaluated for effluents from
plant operation and for potential exposures from a volume reduction sys-
tem and onsite storage facility for low-level waste management. All
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major radiological pathways to man were evaluated in this section, includ-
ing the ingestion of foodstuffs produced at the park. As indicated in
the section, all impacts were found to be within the objectives of 10 CFR
50 Appendix I and 40 CFR 190, where applicable. Sampling of products will
be performed to confirm these estimates. Should this program reveal sig-
nificant impacts from WBN to these products, measures will be implemented
to restrict the production and use of the products as necessary.

6.2.13 Response to Energy People Comment 3 of December 15, 1980 Letter

Either a central heat backup system will be provided by park manage-
ment or each occupant of the waste heat park will have his own backup
heating system due to a small fraction of time (approximately 8 percent)
that both units are projected not to be operating and waste heat water
will not be available. This backup system will allow the occupant to
continue his operations.

6.2.14 Response to Energy People Comment 3 of January 9, 1981 Letter

In case of a nuclear incident, the Price-Anderson Act provides a
minimum level of $560 million protection for the public. With this level
of protection available, we do not believe this places any economic
hardship on the participating industries.
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7. CONSULTATION AND COORDINATION

Copies of the Draft Environmental Impact
following:.

Statement were sent to the

Federal Agencies Local Officials

Advisory Council on Historic
Preservation

Appalachian Regional Commission
Community Action Office
Community Services Administration
Council on Environmental Quality
Department of Agriculture
Department of the Army,

Corps of Engineers
Department of Commerce
Department of Defense
Department of Energy
Department of Health,

Education, and Welfare
Department of Housing

and Urban Development
Department of the Interior
Department of Labor
Department of State
Department of Transportation
Department of Treasury
Environmental Protection Agency
Federal Energy Regulatory Commission
General Services Administration
Interstate Commerce Commission
National Aeronautics and Space

Administration
Nuclear Regulatory Commission
Water Resources Council

State and Regional Interest

D. T. Wade, County Executive
Rhea County Courthouse
Dayton, Tennessee 37321

J. E. Powell, County Executive
Meigs County Courthouse
Decatur, Tennessee 37322

Jimmy Cunnyngham
Mayor of Dayton
Municipal Building
Dayton, Tennessee 37321

M. L. Knox
Mayor of Graysville
City Hall
Graysville, Tennessee

P. H. Hale
Mayor of Spring City
City Hall
Spring City, Tennessee

37338

37381

John Marchi, Chairman
Meigs County Planning Commission
Route 2, Box 34
Ten Mile, Tennessee 37880

Robert Forsten, Chairman
Rhea County Planning Commission
Blythe Ferry Road
Dayton, Tennessee 37321

J. R. Moeller, Regional Director
Southeast Tennessee Region
Tennessee State Planning Office
Suite 212, 409 Chestnut Street
Chattanooga, Tennessee 37402

Hon. Marilyn Lloyd Bouquard
230 Post Office Building
Chattanooga, Tennessee 37402

Chattanooga-Hamilton County
Regional Planning Commission

Southeast Tennessee Development
District

Tennessee Department of Conservation
Tennessee Historic Commission
Tennessee State Planning Office
Tennessee Wildlife Resources Agency
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Libraries

Mercer-Pfeiffer Library
Tennessee Wesleyan College
Athens, TN 37303

Cleveland State Community
College Library

Cleveland, TN 37311

John Stores Fletcher Library
University of Tennessee at

Chattanooga
McCallie Avenue
Chattanooga, TN 37203

Fort Loudoun Regional Library
Center (5)

718 George Street, NW.
Athens, TN 37303

Oak Ridge Public Library
Turnpike and Tulane Avenue
Oak Ridge, TN 37830

Ironside Memorial Library
William Jennings Bryan College
Dayton, TN 37321

Hoskins Library
University of Tennessee
Knoxville, TN 37916

Knoxville-Knox County Public Library
500 West Church Street
Knoxville, TN 37902

Murray State University Library
Special Collections
Box 1126
Murray, KY 42071

Tennessee State Library and
Archives

Seventh Avenue North
Nashville, TN 37219

Memphis-Shelby County Public
Library & Information Center

1850 Peabody Street
Memphis, TN 38104

Fayette County Public Library
Somerville, TN 38068

Tipton County Public Library
300 West Church Street
Covington, TN 38019

The Chattanooga Hamilton County
Bicenntenial Library

1001 Broad Street
Chattanooga, TN 37402

TVA Library
100 401B-C

TVA Technical Library (6)
E2B7 C-K

Ben West Library
Eighth Avenue North & Union
Nashville, TN 37203

TVA Technical Library
NFDC-M

Jacqueline Dasch, Librarian
Energy Impact Associates
P.O. Box 1899
Pittsburgh, PA 15230

Rhoda Granat, Librarian
Wapora, Inc.
6900 Wisconsin Avenue, NW.
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A. AFFECTED ENVIRONMENT - WATTS BAR SITE

This appendix describes the environmental features of the Watts Bar
site, emphasizing those factors most likely to be affected-by the pro-
posed action. Additional detail is provided on this site to assist
regulatory agencies and potential park users in permitting procedures.

A.1 SITE DESCRIPTION

The Watts Bar Waste Heat Park would be located inrRhea County, in
the eastern Tennessee portion of the Southern Appalachian Region. The
site is approximately 100 km (60 mi) southwest of the Knoxville metropoli-
tan area, which has a population of almost 455,000 and 100 km (60 mi)
northeast of the Chattanooga metropolitan area, which has a population
of approximately 400,000. Figure A.1-l shows the location of the site
in relation to these metropolitan areas and other cities in the region.

As shown in Figure A.1-2, the site is about 13 km (8 mi) southeast
of Spring City, Tennessee, (population 1900). Other nearby towns are
Dayton (population, 4,300), and Decatur (population 800). The site is
accessible to major highway and rail services. Interstate Highways 40
and 75 pass to the north and east of the site and can be reached via
Tennessee State Highway 68 and U.S. Highway 27 (Tennessee Highway 29).
The Southern Railroad serves the area. Commercial air carrier airports
are located at Knoxville and Chattanooga and the nearest public general
aviation airport is located at Dayton, about 32 km (20 mi) from the site.
A 3-m (9-ft) commercially navigable waterway is adjacent to the site and
connects it with the Interconnected Inland Waterway System. The Watts
Bar Dam on the Tennessee River and the Watts Bar Steam Plant are located
within two miles north of the site.

The approximately 162-ha (400-acre) site (Figure A.1-3) is adjacent
to TVA's Watts Bar Nuclear Plant, which is presently under construction
at Tennessee River mile 528 on the west shore of Chickamauga Lake. The
Yellow Creek Wildlife Management area is located just west of the site.

A.1.1 Physiography and Geology

The Watts Bar Reservation is a moderately wooded area with rolling
hills, located in a valley approximately 16 km (10 mi) wide, flanked on
the west by Walden Ridge (275-550 m [900 to 1,800 ft]) and by a series
of lower ridges (240 to 300 m [800 to 1,000 ft]) on the east, on the west
bank of a bend in the Tennessee River. The waste heat park would be
located in the southwestern portion of the reservation. In the vicinity
of the park, the land rises from the water surface (normal maximum level
elevation 208 m [682.5 ft] above mean sea level) to approximately 222 m
(730 ft) above mean sea level along the northwestern edge of the site.
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Geological studies of the bedrock at the site show that it is over-
lain by approximately 12 m (40 ft) of unconsolidated terrace deposits
laid down by the Tennessee River when flowing at a higher level. The
upper half of the terrace deposits consist of sandy, silty clay. The
lower half is much coarser, consisting of pebbles, cobbles, and small
boulders of quartz or quartzitic sandstone embedded in a sandy clay
matrix. Beneath the terrace cover at the southeast corner of the site
are the interbedded limestone and shales of the Conasauga Formation of
Middle Cambrian Age. The Rome Foundation, predominately variegated shale
and siltstone with some fine-grained sandstone, underlies the terrace
deposits on the remainder of the site and extends under the Conasauga to
the southeast. Most park structures will be soil-supported; for any
requiring rock foundations, physical testing has shown that the Conasauga
is capable of supporting loads in excess of those imposed by the nuclear
plant structures, so it will provide a satisfactory foundation for such
park structures. The Rome is a much more competent formation than the
Conasauga and will also be satisfactory for foundations. Both formations
at the site are relatively unfossiliferous and have no known areas of
unique paleontologic significance. Details on seismic considerations
and mineral resources at the site, neither of which present significant
limiting conditions to park development, have been addressed in the
Environmental Statement on the Watts Bar Nuclear Plant.'

Soils investigations conducted for the Watts Bar Nuclear Plant indi-
cate that the predominant soil type in the park area is alluvial sandy
lean clay. Secondary soils are silty sand and sandy silt. These fine-
textured, essentially impervious soils have natural moisture contents
ranging from 2 to 5 percent above optimum. Most of the soils are well
drained, with the exception of those along Yellow Creek, which typically
are poor to moderately drained.

A.1.2 Existing Facilities

The Watts Bar Nuclear Plant has its own ground water supply to pro-
vide potable water. The capacity of this system is 2.7 million 1 (720,000
gal) per day. The maximum daily consumption is expected to be 2.2 million
1 (580,000 gal). The nearest central water distribution system is the city
water supply for Spring City, with intake from the Tennessee River. The
Spring City system, with 15 and 20 cm (6" and 8") lines, has a capacity of
1.1 million 1 (300,000 gal) per day, with a current daily consumption of
833,000 1 (220,000 gal). Other nearby utility services which conceivably
could be extended to the site include natural gas distributed by Middle
Tennessee Gas Utility, telephones through South Central Bell, solid waste
collection by a private firm, electricity distributed by the Volunteer
Electric Cooperative, and sewage treatment at the Spring City municipal
system, which has a daily. capacity of 1.5 million 1 (400,000 gal) of
which 800,000 1 (210,000 gal)/day is being utilized. There is county-
wide police protection and ambulance service. There is no county fire
protection. Rhea County leases a State-approved sanitary landfill about
16 km (10 mi) southwest of the proposed park site. .Assuming a continua-
tion at the present rate of disposal, the landfill has less than six
years' capacity remaining.
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A.1.3 Relation to Watts Bar Nuclear Plant

The proposed waste heat tie-in facility does not require a specific
Nuclear Regulatory Commission (NRC) license. It is possible, however,
that the NRC might seek to impose restrictions on the facility to assure
that no adverse impact resulted to the public health and safety in rela-
tion to the operation of the Watts Bar Nuclear Plant. Description of the
waste heat facility and potential health and safety impacts will be included
in the Final Safety Analysis Report accompanying TVA's application for the
operating license; or, if the waste heat facility is approved subsequent to
the issuance of the operating license, in a later document.

The exclusion area is the area surrounding the reactor over which
TVA must retain authority for total control. This control authority
includes the ability to evacuate personnel and remove property from the
area and control of all traffic on highways, railroads, and waterways
within the area. Consequently, activities unrelated to the operation of
the reactor are subject to these controls. The waste heat park (WHP) is
presently located within the exclusion area for Watts Bar Nuclear Plant
(1200-meter radius from the intersection of the plant centerlines). How-
ever, preliminary analysis indicates that the radiological consequences
of the maximum hypothetical accident (loss-of-coolant accident) results
in doses well within the guidelines stated in 10 CFR Part 100 at the
boundary of the WHP, 400 m from plant centerlines. It may then be pos-
sible to reduce the exclusion radius so that the WHP is outside the
exclusion boundary. By ensuring that activities not related to plant
operations are kept beyond this 400-m distance, compliance with 10 CFR
Part 100 specifications can be met. On the other hand, sufficient TVA
controls could be imposed on the operation of the WHP (evacuation, etc.)
so that the WHP could be located within the 1200-m exclusion area if
necessary.

The low population zone is the area immediately surrounding the exclu-
sion area to a distance of about 4.8 km (3 mi) (for the Watts Bar plant)
and may contain residents. While total control of the low population
zone by TVA is not necessary, the Watts Bar Radiological Emergency Plan
must address evacuation procedures for this area in the event of a radio-
logical emergency. Any increases in transient population due to the waste
heat facilities would have to be addressed in the Radiological Emergency
Plan.

Information will be made available to the NRC to ensure that it has
the data necessary to evaluate the impacts on the nuclear plant.

A.I REFERENCES

I. Tennessee Valley Authority. Final Environmental Statement - Watts
Bar Nuclear Plant Units I and 2. November 9, 1972.
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A.2 AIR QUALITY

A.2.1 Present Air Quality Status

With one exception, all of the area within 50 km (31 mi) of the pro-
posed site is a designated Class II area under the prevention of signifi-
cant deterioration (PSD) regulations for S02 and TSP. The exception is
that portion of the city of.Rockwood in Roane County, Tennessee (about 30
kilometers north-northeast of Watts Bar), which is classified as nonattain-
ment for TSP. However, the ambient air quality impacts of any particulate
sources located at the proposed site are not expected to exceed the signi-
ficance increments for TSP within this nonattainment area. Therefore, the
air quality status of this area is not expected to affect siting opportuni-
ties at Watts Bar. There are no SO2 nonattainment areas within 50 kilome-
ters; however, the area surrounding the Kingston Steam Plant (about 40
kilometers northeast of Watts Bar) is unclassified with respect to SO2 ,
and thus PSD provisions are applicable.

There are several nonattainment areas for photochemical oxidants in
the region, including Roane County (northeast of Watts Bar) and Bradley
and Hamilton Counties (south of Watts Bar). The nonattainment status of
these counties is not expected to affect the Watts Bar area.

The nearest Class I PSD areas are the Cohutta National Wilderness
area and the.Smoky Mountains National Park, about 70 kilometers south-
southeast and 70 kilometers east of Watts Bar, respectively. The ambient
air quality impacts of any particulate or S02 sources located at the pro-
posed site are not expected to exceed the significance increments for TSP
or S02 within the Class I areas. Therefore, the Class I status of these
two areas is not expected to affect siting opportunities for waste heat
park facilities at Watts Bar.

A.2.2 Baseline and Increment Availability

Preliminary* estimates of baseline SO2 and TSP concentrations in the
vicinity of Watts Bar were based on 1977 and 1978 air quality monitoring
data for Watts Bar Steam Plant. The baseline estimates and corresponding
estimates of Class II increment availability are presented in tables A.2-1
(SO2 ) and A.2-2 (TSP). The more recent (1978) monitoring data indicate
that full Class II PSD increments are currently available for both SO2 and
TSP. It should be noted, however, that a potential exists for more limited
increment availability than that indicated. The monitoring data represent
the real baseline in the area only to the extent that the Watts Bar steam
plant, which is part of the baseline, was operating at full capacity. This
is not always the case. For example, during the period when the second
highest 3-hour SO 2 concentration was measured in 1978, the steam plant was
operating at only 25 percent of capacity. Had the steam plant been opera-
ting at full load during this period it is probable that a much higher SO 2
concentration would have been measured.

*Under applicable regulations, baseline is established as of the date

of the first completed application for a PSD permit in an area.
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A.2.3 Meteorology

Onsite meteorological monitoring data for the Watts Bar Nuclear Plant
are available for assessing atmospheric dispersion conditions in the vici-
nity of the proposed site for the waste heat park. Joint percentage
frequency distributions of wind speed and direction (wind roses) based on
these data are provided in figures A.2-1 (for the 10-meter height) and
A.2-2 (for the 92-meter height).

A.2.4. Existing Sources

Existing sources of SO2 and TSP emissions of 10 tons or more per year
in the Watts Bar area are given in tables A.2-3 for Rhea County and in
A.2-4 for Meigs County. Of the two counties,. Rhea County, in which the
proposed site for the waste heat park is located, has the larger number
of major industrial sources. Most of the area for the proposed heat
park lies between 1.5 and 2 kilometers southwest of the largest source
in Rhea County, the Watts Bar Steam Plant.
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A.2.4. Existing S6utces 

Existirig sources of S02 and TSP emissions of 10. tons of more per year 
in the Watts Bar area are given in tables A.2-3 for Rhea County and in 
A.2-4 for Meigs County. Of tile two counties, Rhea County, in which the 
proposed site for the waste heat park is located, has the larger number 
of major industrial sources. Most of the area for theptoposed heat 
park lies between 1.5 arid 2 kilometers southwest of the largest source 
in Rhea County, ttie Watts Bar Stea'm Plant. 
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Table A.2-1

AMBIENT SO 2 CONCENTRATIONS AND ESTIMATED
INCREMENT AVAILABILITY FOR THE WATTS BAR STEAM PLANTa

Averaging
Year Period

1977 Annual
24-hour
3-hour

1978 Annual
24-hour
3-hour

Limiting b
Concentration

(pg/m 3 )
NAAQS

(pg/m 3 )

Increment
remaining to

NAAQS
(Pg/m 3 )

Class II
Increment

(Ug/mr3 )

Available
increment

(Pg/m 3 )

Percent
of Class II
increment

36
286

1118

24
156
7 2 8 c

80
365

1300

80
365

1300

44
79

182

56
209
572

20
91

512

20
91

512

20
79

182

20
91

512

100
87
36

100
100
100

'.

aBased on data from three S02 monitors.

bHighest annual and highest of the three

measured at the three monitors.
second highest 24-hour and 3-hour concentrations

CDuring the period when this measurement was made, the Watts Bar Steam Plant was operating
at only 25-percent load. Had the plant been operating at full load, it is probable that
a much higher SO2 concentration would have been measured.

Averaging 
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3-hour 

1978 Annual 
24-hour 
3-hour 
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NAAQS 
(J.lg/m3 ) 
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365 
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44 
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209 
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Class II 
Increment 

(lJg/m3 ) 

20 
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20 
91 

512 
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20 
79 
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20 
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512 

a Based on data from three S02 monitors. 

Percent 
of Class II 

increment 

100 
87 
36 

100 
100 
100 

bHighest annual and highest of the three second highest 24-hour and 3-hour concentrations 
measured at the three monitors. 

Cnuring the period when this measurement was made, the Watts Bar Steam Plant was operating 
at only 25-percent load. Had the plant been operating at full load, it is probable that 
a much higher S02 concentration would have been measured. 



Table A.2-2

AMBIENT TSP CONCENTRATIONS AND ESTIMATED
INCREMENT AVAILABILITY FOR THE WATTS BAR STEAM PLANT

Limiting a
Averaging Concentration. NAAQS

Year Period (pg/m 3 ) (pg/m 3 )

Balance
remaining to

NAAQS
(pg/m 3)

Class II
Increment

(pg/m 3 )

Available
increment

(pg/mr)

Percent
of Class II
increment

1977 Annual
24-hour

i978 Annual
24-hour

31
86

36
87

75
150

75
150

29
64

24
63

19
37

19
37

19
37

19
37

100
100

100
100

Annual average and second highest 24-hour Concentration measured by the one TSP monitor.

0

;x:
I 

. .:-,. 
o 

Averaging 
Year Period 

1977 Annual 
24-nour 

i978 Annual 
24-hour 

Table A.2-2 

AMBIENT TSP CONCENTRATIONS ANn ESTIMATED 
INCREMENT AVAILABILITY FOR THE WATTS BAR STEAM PLANT 

Balance 
Limiting remaining to Class II Available 

Concentration a NAAQS NAAQS Increment increment 
(f./g/m3 ) (f./g/m3 ) (f./g/ni3 ) (f./g/m3 ) (f./g/m3 ) 

31 75 29 19 19 
86 150 64 37 37 

36 75 24 19 19 
87 150 63 37 37 

Percent 
of Class II 
increment 

100 
100 

100 
100 

aAnnual average and second highest 24-hour concentration measured by the one TSP monitor. 



Table A.2-3

SIGNIFICANT* S02 AND TSP SOURCES IN RHEA COUNTY, TENNESSEE

Allowable Emissions (TPY)
Company TSP S02

South Silk Mills 66 609
Charles Knitting Mills 25 165
Rhea County Limestone 286 0
TVA Watts Bar Steam Plant 1693 48306
TVA Watts Bar Nuclear Plant** 822 291
Zenith Hosiery Mill 18 122
Kayser-Roth Hosiery Mill 59 0
Robinson MFG 10 50
Suburban MFG 11 52
La-z-boy 95 425
Welch Concrete Prod., Inc. 58 0
Dayton Material, Inc. 21 285

*Allowable S0 2 or TSP emissions of 10 tons or more per year. These
data have been abstracted from unvalidated State of Tennessee emission
inventories (base year 1976).

**Includes both construction and operational sources.
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25 

286 
1693 
822 

18 
59 
10 
11 
95 
58 
21 

Emissions (TPY) 
S02 

609 
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*Allowable S02 or TSP emissions of 10 tons or more per year. These 
data have been abstracted from unvalidated State of Tennessee emission 
inventories (base year 1976). 

**Includes both construction and operational sources. 
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Table A.2-4

SIGNIFICANT* S0 2 AND TSP SOURCES IN MEIGS COUNTY, TENNESSEE

Allowable Emissions (TPY)
Company TSP S02

Ten Mile Stone 232 0

*Allowable S0 2 or TSP emissions of 10 tons or more per year. These
data have been abstracted from unvalidated State of Tennessee emission
inventories (base year 1976).
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Table A.2-4 

SIGNIFICAJn[k S02 AND TSP SOURCES IN MEIGS COUNTY, TENNESSEE 

Allowable Emissions (TPY) 
Company TSP S02 
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A.3 HYDROLOGY AND WATER QUALITY

A.3.1 Surface Water

A.3.1.1 Description

Surface water features which bound the 400-acre site are Chickamauga
Lake and Yellow Creek. The drainage area of the Tennessee River at the
site is 17,320 square miles. Chickamauga Reservoir at this location is
about 1,100 feet wide with depths ranging up to 25 feet at normal pool,
elevation 682.5.

The Tennessee River above the site is formed by two major tribu-
taries, the Holston and French Broad Rivers, having respective drainage
areas of 3,776 and 5,124 square miles which unite above Knoxville at
river mile 652.2. The Holston River rises in terrain varying from the
rolling uplands of the valley and ridge physiographic province in the
forks of the Holston in Virginia to the rugged Appalachian Mountains
drained by the Watauga River in eastern Tennessee and western North
Carolina. Elevations range up to 5,720 feet on the rim of the South
Fork Holston River basin and up to 6,285 feet on the southern rim of the
Watauga basin. The French Broad River, including its principal tribu-
tary, the Nolichucky River, drains more than half of the mountainous
North Carolina portion of the Tennessee Valley between the Blue Ridge
and the chain of mountains forming the North Carolina-Tennessee State
line. Elevations in this region range up to 6,684 feet at Mt. Mitchell.
The Tennessee side of the mountains is drained by the Pigeon, Little
Pigeon, and lower Nolichucky Rivers, which flow through the valley and
ridge type of terrain as they approach the French Broad River.

Downstream at mile 601.1, the Little Tennessee River, with a drain-
age area of 2,627 square miles, flows into the Tennessee River from the
southeast. The Blue Ridge forms the eastern rim of the basin with
elevations generally between 3,000 and 4,000 feet. Within the basin a
number of peaks in the rugged Appalachian Mountain region rise above
6,000 feet.

The Clinch River, with a drainage area of 4,413 square miles, flows
southwestward into the Tennessee River at mile 567.8. Except for its
northwestern edge, the river basin is in the Appalachian valley physio-
grapic subregion characterized by comparatively narrow parallel ridges
and somewhat broader intervening valleys of northeast-southwest trend.
The northwestern boundary of the Clinch River basin, also the boundary
of the Tennessee Valley, is formed by the Cumberland Mountains which
range up to 4,200 feet above sea level. The southeastern boundary
follows Clinch Mountain and Black Oak Ridge, with elevations ranging up
to 4,700 feet. Forest covers 48 percent of the basin.

In the immediate vicinity of the site, Yellow Creek flows in a
southerly direction just to the west of the site and empties into the
Tennessee River at mile 526.8. This stream drains an area of 12.6
square miles at its mouth. Chickamauga Reservoir backs up Yellow Creek
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for about 1.7 miles to a small dam on the wildlife management area.
About half the site area drains into Yellow Creek embayment below the
dam. The remainder of the site drains into two small tributaries which
empty into the Tennessee River just upstream from the mouth of Yellow
Creek.

A.3.1.2 Streamflow

Tennessee River streamflow past the site has been completely regu-
lated since January 1940 with the closure of Chickamauga Dam located at
Tennessee River mile 471.0. Flows at the site are also affected by
operation of Watts Bar Dam, 1.9 miles upstream from the site at Tennessee
river mile 529.9. Both reservoirs are operated for flood control,
navigation, and power production.

Flows at the site are mainly dependent upon the operation of
Chickamauga and Watts Bar Reservoirs. The average discharge (release)
at Watts Bar Dam for the period of 1945-1978 (calendar years) was 27,370
cubic feet per second. Flow data for water years 1951-1965 indicate an
average flow of about 21,100 cfs during-the summer months and about
34,400 cfs during the winter months. Watts Bar Dam is operated to
provide peaking power, with no discharge from the dam 10.5 percent of
the hours during the year. The maximum duration of no discharge is 12
hours, except for planned special operations. The normal discharge
through each of the five turbines at the dam ranges from 7,500 to 10,000
cfs. The minimum flow at which the turbines can operate is 3,500 cfs,
although discharges seldom fall below about 5,000 cfs per unit. At
Watts Bar Dam, the minimum 7-day flow with a 10-year recurrence interval
is estimated to be 5,200 cubic feet per second; and the minimum 3-day
flow with a 20-year recurrence interval is estimated to be 2,650 cubic
feet per second.

The average discharge (release) at Chickamauga Dam for the period
of 1945 through 1978 was 35,040 cubic feet per second. The minimum
daily average flow has been zero and occurred on March 30 and 31, 1968,
when discharge was cut off during special operations to aid in the
chemical treatment of Eurasian watermilfoil. The minimum daily average
discharge under normal operating conditions has been 1,700 cubic feet
per second and occurred on May 7, 1967. Since June 1975, Chickamauga
Dam has been operated to attempt to provide a minimum 24-hour average
flow of not less than 6,000 cubic feet per second in order to maintain
desirable water quality levels at Chattanooga.

Monthly average discharges at Watts Bar and Chickamauga Dams for the
period 1945-1978 are shown in Tables C-i and C-2, Appendix C. Maximum,
minimum, and mean daily discharges for the same period are shown for
Watts Bar in Table C-3 and for Chickamauga in Table C-4.

The maximum known flood discharge at the site occurred on February 14,
1948, and is estimated to be 194,600 cubic feet per second; however, the
March 1973 water level was the highest since Watts Bar Dam was closed in
1942. The March 17, 1973, flood elevation at the site was 694 feet.
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A.3.1.3 Water Levels

Water surface elevations downstream of Watts Bar Dam in the vicinity
of the plant sites are determined by the headwater elevation at Chickamauga
Dam and the discharge from Watts Bar Dam. Chickamauga Lake elevations
vary from a normal maximum elevation of 682.5 feet in the summer months
to a normal minimum elevation of 675.0 feet in the winter months. How-
ever, Watts Bar Dam discharges may raise the water surface elevation if
the lake elevation is less than 682.5 feet. Table C-5 shows the approxi-
mate stage-discharge relationship below Watts Bar Dam at minimum pool
conditions in the winter. Elevations at the bottom of the river channel
at the site are about 655 to 660 feet. Tables C-6 and C-7 show the maxi-
mum and minimum range of daily variations in Chickamauga headwater and
Watts Bar tailwater elevations for calendar year 1976, a typical year
based on present operations. Table C-8 shows midnight elevations at
Chickamauga Dam for 1976.

A.3.1.4 Temperatures

A summary of tailrace temperatures at Watts Bar Dam is given in
Table A.3-1. Monthly average river temperatures vary from 43.5°F in
January to 76.5'F in August. The maximum weekly observed tailrace tem-
perature was 86.0'F in July and August, and the minimum weekly tailrace
temperature was 32.0'F in January. A summary of the probability of high
tailrace temperatures is given in Table A.3-2, showing river temperatures
approaching the State of Tennessee maximum water temperature standard of
86.9 0F (30.5 0 C).

Water temperature verticals, were taken at Washington Ferry, river
mile 518.0, during the periods April 1943 to September 1948 and October
1974 to January 1977. The minimum observed during this period was 35'F
and the maximum was 75°F. Figure A.3-1 is a plotting of these tempera-
tures for the period 1943-1948.

A.3.2 Ground Water

Ground water occurs at the site in the alluvial material overlying
bedrock and in small openings along fractures and bedding planes in the
Conasauga and the Rome Formations. However, all have poor yields and
could not supply the park's potable water requirements. The most signi-
ficant water-bearing formation in the area is the Knox Dolomite, in which
water occurs in solution cavities formed along bedding planes and fractures.
Discharge from the Knox is a major source of base flow in streams. Large
springs are fairly common in outcrop belts of the Knox.

If a 500 gal/min ground water supply is considered for the Watts
Bar Waste Heat Park, a well or wells would be located in the belt of Knox
Dolomite to the northwest. A likely reasonable upper limit to be expected
from ground water in the Watts Bar area is about 3800-5700 1/min (1000 to
1500 gal/min), from three to six wells.
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A.3.3.2 Ground Water

Water Use

The ground water yield from the alluvial material overlying bedrock
at the site is extremely low, usually less than 20 gpm. 4 The Knox Dolo-
mite, outcropping to the northwest of the site is the only formation
regionally significant as an aquifer. Total public and industrial ground
water use in a 32 km (20 mi) radius of the nuclear plant is 0.16 m3 /s
(3.6 mgd) and 0.2 m3 /s (0.48 mgd), respectively. The nearest significant
ground water supply system, located 4 km (2.5 mi) to the northwest and
withdrawing from the Knox, are the wells utilized by the Watts Bar
Nuclear, Steam, and Hydro Plants, and the nearby resort.

Data Summary and Evaluation

Evaluation of limited analyses of water obtained by TVA in 1978 from
the alluvial material reveals that its quality varies significantly with
location. The water quality ranges from good to very poor with concen-
trations of dissolved solids reported between 160 and 2300 mg/l. The
ground water is neutral to alkaline (pH 7.7 to 9.0), and high levels of
sodium were observed (up to 800 mg/i).

Regionally, the quality of water from wells and springs in the Knox
Dolomite is similar to that from other carbonate aquifers. The hardness
ranges from about 50 to 250 mg/l. Ward Spring, a large spring 4.4 km
(2.7 mi) west of the site, was sampled by TVA in 1971. The ground water
qualitywas good and reported to be soft and neutral. Low concentrations
of nitrate, sulfate, iron, and sodium were measured.

TVA also periodically samples its Watts Bar Reservation well field;
the quality of the water is routinely in compliance with nitrate, turbidity,
and bacteriological standards for noncommunity public water supplies.
The quality of ground water is good, with dissolved solids concentrations
averaging 130 mg/l. The ground water is soft to moderately hard and is
neutral. Concentrations of minerals, metals, and nutrients in the ground
water were normally well below EPA primary and secondary standards for
finished drinking water.

A.3.3.3 Projected Water Quality During the Development
of the Waste Heat Park

The above description evaluates the water quality during the period
1973-1977 without the nuclear plant in operation. However, the nuclear
plant will not be discharging significant volumes of oxygen-demanding
wastes which would significantly impact DO levels in the reservoir, since
sanitary wastes (about 36,000 gpd (136 m3 /day) based on a projected total
employment of 1450) will be the only oxygen-demanding waste discharge from
the nuclear plant. This wastewater will receive secondary treatment to
meet existing NPDES permit limitations. The operation of the nuclear plant
will not thermally impact the water quality in the site vicinity, and
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Regionally, the quality of water from wells and springs in the Knox 
Dolomite is similar to that from other carbonate aquifers. The hardness 
ranges from about 50 to 250 mg/l. Ward Spring, a large spring 4.4 kID 
(2.7 mi) west of the site, was sampled by TVA in 1971. The ground water 
quality was good and reported to be soft and neutral. Low concentrations 
of nitrate, sulfate, iron, and sodium were measured. 

TVA also periodically samples its Watts Bar Reservation well field; 
the quality of the water is routinely in compliance with nitrate, turbidity, 
and bacteriological standards for noncommunity public water supplies. 
The quality of ground water is good, with dissolved solids concentrations 
averaging 130 mg/l. The ground water is soft to moderately hard and is 
neutral. Concentrations of minerals, metals, and nutrient~ in the ground 
water were normally well below EPA primary and secondary standards for 
finished drinking water. 

A.3.3.3 Projected Water Quality During the Development 
of the Waste Heat Park 

The above description evaluates the water quality during the period 
1973-1977 without the nuclear plant in operation. However, the nuclear 
plant will not be discharging significant volumes of oxygen-demanding 
wastes which would significantly impact DO levels in the reservoir, since 
sanitary wastes (about 36,000 gpd (136 m3 /day) based ona projected total 
employment of 1450) will be the only oxygen-demanding waste discharge from 
the nuclear plant. This wastewater will receive secondary treatment to 
meet existing NPDES permit limitations. The operation of the nuclear plant 
will not thermally impact the water quality in the site vicinity, and 
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changes in water quality due to the Watts Bar Nuclear Plant will not pre-
clude any of the current or projected uses of the Tennessee River. 3 An
operational NPDES permit was issued by EPA and the plant is meeting its
requirements as applicable at the present time.

A.3 REFERENCES

1. Division of Water Quality Control, Tennessee Department of Public
Health. Upper Tennessee River Basin Plan. November 1978.

2. Mulkey, C. E., E. B. Robertson, W. J. Pardue, and R. D. Harned.
Status of the Nonradiological Water Quality and Nonfisheries
Biological Communities in the Vicinity of Watts Bar Nuclear
Plant, 1973-1977, June 1980, TVA, Division of Water Resources.

3. Nuclear Regulatory Commission, Final Environmental Statement
Related to the Operation of Watts Bar Nuclear Plant, Units 1 and 2,
December 1978.

4. Tennessee Valley Authority, Final Safety Analysis Report, Watts Bar
Nuclear Plant, Units 1 and 2, October 4, 1976.
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Table A. 3-1

SUMMARY OF TAILRACE TEMPERATURES

WATTS BAR DAM

FEBRUARY 1950 - SEPTEMBER 1977

Month

January

February

March

April

May

June

July

August

September

October

November

December

AVERAGE

Minimum
0C (OFT

0 (32.0)

2.5 (36.5):

3.0 (37.4)

8.8 (47.8)

9.0 (48.2)

18.0 (64.4)

19.5 (67.1)

21.0 (69.8)

18.0 (64.4)

9.0 (48.2)

5.5 (41.9)

3.0 (37.4).

Avera e°C, (OF)

6.4

6.6

9.4

13.8

18.9

22.6

24.5

24.7

241.2

20.2

14.4

9.2.

15.8

(43.5)

(43.9)

(48.9)

(56.8)

(66.0)

(72.7)

(76.1)

(76.5)

(75.6)

(68.5)

(57.9)

(48.7)

(60.5)

Maximum°C COF)P

11.0 (51.8)

17.0 (62.6)

17.0 (62.6)

18.5 (65.3)

24.5 (76.1)

29.0 (84.2)

30.0 (86.0)

30.5 (86.9)

27.5 (81.5)

25.0 (77.0)

22.0 (71.6)

15.0 (59.0)

n.b. Based upon 1320 weekly observations, varying in number from
40 to 67 in any full year of record. Data missing for 1956,
January-June 1957, and February 1969.
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Table A.3-1 

SUMMARY OF TAILRACE TEMPERATURES 

WATTS BAR DAM 

FEBRUARY 1950 - SEPTEMBER 1977 

Month Minimum Averafe Maximum 
°C (OF) 0C OF) °C (OF) 

January 0 (32.0) 6.4 (43.5) 11. 0 (51.8) 

February 2.5 (36.5) 6.6 (43.9) 17.0 (62.6) 

March 3.0 (37.4) 9.4 (48.9) 17 .0 (62.6) 

April 8.8 (47.8) 13.8 (56.8) 18.5 (65.3) 

May 9.0 (48.2) 18.9 (66.0) 24.5 (76.1) 

June 18.0 (64.4) 22.6 (72.7) 29.0 (84.2) 

July 19.5 (67.1) 24.5 (76.1) 30.0 (86.0) 

August 21.0 (69.8) 24.7 (76.5) 30.5 (86.9) 

September 18.0 (64.4) 24:.2 (75.6) 27.5 (81. 5) 

October 9.0 (48.2) 20.2 (68.5) 25.0 (77.0) 

November 5.5 (41.9) 14.4 (57.9) 22.0 (71.6) 

December 3.0 (37.4) 9.2. (48.7) 15.0 (59.0) 

AVERAGE 15.8 (60.5) 

n.h. Based upon 1320 weekly observations, varying in number from 
40 to 67 in any full yea:r of record. Data missing for 1956, 
January-June ]957, and February 1969. 
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Table A.3-2

PROBABILITY OF HIGH TAILRACE TEMPERATURES

WATTS BAR DAM

FEBRUARY 1950 - SEPTEMBER 1977

Percentage
of Weekly

Observatons
Ti Ti Exceeding Ti

(0 C) ( 0F) (percent/year)

23.5 74.3

24.5 76.1

25.5 77.9

26.5 79.7

27.5 81.5

28.5 83.3

29.5 85.1

30.5 86.9

23.1

15.8

7.3

3.1

Average No.
of Weekly

Observations
Exceeding Ti

(No./year)

12.0

8.2

3.8

1.6

0.7

0.5

0.3

0.0

0.4

0.2

0.2

0.0

n.b. Based upon 1320 weekly observations, varying in number
from 40 to 67 in any full year of record. Data missing
for 1956, January-June 1957, and February 1969.
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Table A.3-2 

PROBABILITY OF HIGH TAILRACE TEMPERATURES 

WATTS BAR DAM 

FEBRUARY 1950 - SEPTEMBER 1977 

Percentage Average No. 
of Weekly of Weekly 

Observatons Observations 
Ti Ti Exceeding Ti Exceeding Ti 

(OC) (OF) (percent/year) (No./year) 

23.5 74.3 23.1 12.0 

24.5 76.1 15.8 8.2 

25.5 77 .9 7.3 3.8 

26.5 79.7 3.1 1.6 

27.5 81.5 0.7 0.4 

28.5 83.3 0.5 0.2 

29.5 85.1 0.3 0.2 

30.5 86.9 0.0 0.0 

n.b. Based upon 1320 weekly observations, varying in number 
---- from 40 to 67 in any full year of record. Data missing 

for 1956, January-June 1957, and February 1969. 
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Table A.3-3

SEASONAL DISSOLVED OXYGEN CONCENTRATIONS AND TEMPERATURES IN THE
TENNESSEE RIVER AT SELECTED DEPTHS AND LOCATIONS

Sampling
Location Date Disolved Oxygen (mg/l) Temperature (Cent.)

Depth (feet)
1 3 5 10 16 23 36 56

Depth (feet)
1 3 5 10 16 23 36 56

TRM 532 Feb 77 13.0 13.0 13.1 13.1 13.1 13.1 13.1 13.1 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
May 77 10.3 10.2 10.1 9.7 8.4 8.2 8.0 8.0 18.0 18.0 18.0 17.8 16.7 16.3 16.0 15.8
Aug 77 5.0 4.5 4.1 2.3 1.4 1.0 1.0 1.1 27.0 27.0 26.8 26.2 26.1 25.5 25.5 24.6
Nov 77 7.6 7.3 7.1 7.0 6.8 6.7 6.4 6.4 18.0 17.4 17.2 17.2 17.0 17.0 17.0 16.9

TRM 528 Feb 77 13.5 13.2 13.2 13.2 13.2 13.2 2.5 2.5 2.5 2.5 2.5 2.5.
May 77 8.8 8.7 8.7 8.6 8.6 8.6 16.8 16.8 16.8 16.8 16.8 16.8
Aug 77 4.3 3.9 3.8 3.3 2.0 1.7 26.4 26.0 26.0 26.0 26.0 26.0
Nov 77 6.9 6.7 6.6 6.6 6.6 6.6 17.0 17.0 17.0 17.0 17.0 17.0

TRM 527 Feb 77 13.4 13.4 13.3 13.3 13.3 2 5 2.5 2.5 2.5 2.5
May 77 7.7 7.6 7.5 7.5 -7.5 7.5 16.5 16.6 .16.6 16.5 16.5 16.5
Aug 77 3.7 3.4 3.3 3.2 2.6 1.7 26.5 26.0 26.0 26.0 26.0 26.0
Nov 77 6.8 6.7 6.6 6.6 6.6 . 6.6 17.0 17.0 17.0 17.0 17.0 17.0

TRM 518 Feb 77 13.1 13.2 13.2 13.2 13.2 2.5 2.5 2.5 2.5 2.5
May 77 8.6 8.5 8.5 8.4 8.4 8.4 16.8 16.8 16.8 16.8 16.8 16.8
Aug 77 4.5 4.3 4.3 4.3 4.3 26.0 26.0 26.0 26.0 25.9
Nov 77 6.8 6.7 6.6 6.6 6.6 6.6 17.0 17.0 17.0 17.0 17.0 16.9

Table A.3-3 

SEASONAL DISSOLVED OXYGEN CONCENTRATIONS AND TEMPERATURES IN THE 
TENNESSEE RIVER AT SELECTED DEPTHS AND LOCATIONS 

Sampl ing 
Loc-'1tion Date Disolved Oxygen (mg/I) Temrerature (Cent.) ---- Depth (feet) Depth (feet) 

1 3 5 10 16 23 36 56 1 3 5 10 16 23 36 56 

TRM 532 Feb 77 13.0 13.0 13.1 13 .1 13.1 13.1 13.1 l3 .1 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
May 77 10.3 10.2 10.1 9.7 8.4 8.2 8.0 8.0 18.0 18.0 18.0 17.8 16.7 16.3 16.0 15.8 
Aug 77 5.0 4.5 4.1 2.3 1.4 1.0 1.0 1.1 27.0 27.0 26.8 26.2 26.1 25.5 25.5 24.6 
Nov 77 7.6 7.3 7.1 7.0 6.8 6.7 6.4 6.4 18.0 17 .4 17.2 17.2 17.0 17.0 17 .0 16.9 

TRM 528 Feb 77 l3.5 13.2 13.2 13.2 13.2 13.2 2.5 2.5 2.5 2.5 2.5 2.5 
May 77 8.8 8.7 8.7 8.6 8.6 8.6 16.8 16.8 16.8 16.8 16.8 16.8 

:> Aug 77 4.3 3.9 3.8 3.3 2.0 1.7 26.4 26.0 26.0 26.0 26.0 26.0 
I Nov 77 6.9 6.7 6.6 6.6 6.6 6.6 17.0 17.0 17.0 17 .0 17.0 17.0 N 
~ 

TRM ·527 Feb 77 13.4 13.4 13.3 13.3 13.3 2.5 2.5 2.5 2.5 2.5 
May 77 7.7 7.6 7.5 7.5 -7.5 7.5 16.5 16.6 16.6 16.5 16.5 16.5 
Aug 77 3.7 3.4 3.3 3.2 2.6 1.7 26.5 26.0 26.0 26.0 26.0 26.0 
Nov 77 6.8 6.7 6.6 6.6 6.6 6.6 17.0 17.0 17.0 17.0 17.0 17 .0 

TRM 518 Feb 77 13.1 13.2 13.2 13.2 13.2 2.5 2.5 2.5 2.5 2.5 
May 77 8.6 8.5 8.5 8.4 8.4 8.4 16.8 16.8 16.8 16.8 16.8 16.8 
Aug 77 4.5 4.3 4.3 4.3 4.3 26.0 26.0 26.0 26.0 25.9 
Nov 77 6.8 6.7 6.6 6.6 6.6 6.6 17.0 17.0 17.0 17 .0 17.0 16.9 



Table A.3-4

SUMMARY OF WEEKLY OBSERVED DISSOLVED OXYGEN CONCENTRATIONS
IN THE TAILRACE OF WATTS BAR DAM, 1960-1979

Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

Minimum DO
concentrations

mg/1

3.3
4.7
3.0
2.4
3.2
2.8
2.2
3.9
3.3
2.2

Maximum DO
concentrations

mg/1

10.5
11.8
11.6
11.5
11.4
10.7
12.6
13.5
12.4
11.0

11.6
10.8
11.3
11.5
10.7
13.3
12.0
13.0
12.6
12.2

Number
of weeks
below 3.0

0
0
0
2
0
1
4
0
0
2

1
0
0
0
0
0
0
1
0
0

Number
of weeks
below 5.0

7

13
13
5

13
11
3

8
12

15
14
5
3
0
3
1

17
13
0

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

2.9
3.0
4.1
4.2
5.2
3.9
3.9
2.4
3.1
5.2

3.4
3.1
3.8

1960-1979, Mean
1960-1969, Mean
1970-1979, Mean

11.8
11.7
11.9

0.6
1.0
0.2

7.8
8.5
7.1

A-25

Table A.3-4 

SUMMARY OF WEEKLY OBSERVED DISSOLVED OXYGEN CONCENTRATIONS 
IN THE TAILRACE OF WATTS BAR DAM, 1960-1979 

Minimum DO Maximum DO Number Number 
concentrations concentrations of weeks of weeks 

Year mg/l mg/l below 3.0 below 5.0 

1960 3.3 10.5 0 7 
1961 4.7 11.8 0 1 
1962 3.0 11.6 0 11 
1963 2.4 11.5 2 13 
1964 3.2 11.4 0 5 
1965 2.8 10.7 1 13 
1966 2.2 12.6 4 11 
1967 3.9 13.5 0 3 
1968 3.3 12.4 0 8 
1969 2.2 11.0 2 12 

1970 2.9 11.6 1 15 
1971 3.0 10.8 0 14 
1972 4.1 11.3 0 5 
1973 4.2 11.5 0 3 
1974 5.2 10.7 0 0 
1975 3.9 13.3 0 3 
1976 3.9 12.0 0 1 
1977 2.4 13.0 1 17 
1978 3.1 12.6 0 13 
1979 5.2 12.2 0 0 

1960-1979, Mean 3.4 11.8 0.6 7.8 
1960-1969, Mean 3.1 11.7 1.0 8.5 
1970-1979, Mean 3.8 11.9 0.2 7.1 
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A.4 HEALTH AND SAFETY

A.4.1 Noise

Preoperational (or baseline) sound surveys were conducted by TVA in
the vicinity of the proposed heat park site in September 1979 and March
1980. Work at the Watts Bar Nuclear Plant construction site had ceased
for the weekend. The survey data, therefore, represented community base-
line sound conditions in the absence of TVA construction activities.
The three locations surveyed are shown on the map, Figure A.4-1.

At each survey location, analog tape recordings were made of the
existing sound during the daytime period (7 a.m. - 10 p.m.) and again
during the nighttime period (10 p.m. - 7 a.m.). Each recording was
approximately 15 minutes in length. Equivalent sound levels were com-
puted for daytime values (Ld), for nighttime values (Lu), and for a
day-night composite value (Ldn).

Summertime survey data are presented in Table A.4-1, wintertime in
A.4-2. The difference in levels is caused by insect and bird noise present
in the summertime data. Because of the short sampling period (15 minutes),
intermittent noises caused by road traffic and aircraft flyovers are mis-
sing and the noise levels given are more representative of minimal levels
than average levels. Data taken at similar locations for other TVA sites
show an average baseline Ldn between 50-60 dB.

A.4.2 Radiological Conditions

A.4.2.1 Exposure Pathways to Man

Lijuid Effluents--Water supplied to the waste heat park will be con-
denser cooling water which represents a tertiary heat exchange from the
operating reactor. This provides multiple barriers against movement of
radioactivity from the plant and it is therefore unlikely that any signi-
ficant amounts of radioactivity would exist in the supply water to the
heat park. Furthermore, water in the reactor systems is monitored for
the presence of radionuclides. Water in closest contact with that sup-
plying the waste heat park will be removed from contact with the supply
water when necessary to avoid significant radiological releases to the
environment.

Gaseous Effluents--Both construction and operations personnel for
the waste heat park may be exposed to gaseous effluents during operation
of WBN via the following pathways: (1) direct radiation (like that
received from medical. X-rays) from radioactivity in the air and on the
ground; (2) inhatation; and (3) ingestion of beef and vegetables. An
assessment was conducted to evaluate the potential impacts to the whole
body and important organs of individuals. The modeling used in this
assessment was consistent with that used by the regulatory agencies.
Resultant impact estimates based on continuous occupancy by personnel at
the waste heat park are presented in Table A.4-3. Calculating for an
adult and excluding ingestion, the doses per reactor unit are approxi-
mat-ely one-tenth of the applicable guidelines (Appendix I to 10 CFR Part 50)
specified by the regulatory agency. Including ingestion, the calculated
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A.4.1 Noise 

Preoperational (or baseline) sound surveys were conducted by TVA in 
the vicinity of the proposed heat park site in September 1979 and March 
1980. Work at the Watts Bar Nuclear Plant construction site had ceased 
for the weekend. The survey data, therefore, represented community base
line sound conditions in the absence of TVA construction activities. 
The three locations surveyed are shown on the map, Figure A.4-1. 

At each survey location, analog tape recordings were made of the 
existing sound during the daytime period (7 3.m. - 10 p.m.) and again 
during the nighttime period (10 p.m. - 7 a.m.). Each recording was 
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than average leve-Is. Data taken at similar locations for other TVA sites 
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A.4.2 Radiological Conditions 

~4.2.1 ExnOSllre Pathways to Man ____ . __ A:_. ____________ _ 

~~uid EffJ uents--Water supplied to the waste heat park will be con
denser cooling water which represents a tertiary heat exchange from the 
operating reactor. This provides multiple barriers against movement of 
radioactivity from the plant and it is therefore unlikely that any signi
ficant amounts of radioactivity would exist in the supply water to the 
heat park. Furthermore, water in the reactor systems is monitored for 
the presence of radionuclides. Water in closest contact with that sup
plying the waste heat park will be removed from contact with the supply 
water when necessary to avoid significant radiological releases to the 
environment. 

Gaseous Effluents--Both construction and operations personnel for 
the waste heat park may be exposed to gaseous effluents during operation 
of WBN via the following pathways: (1) direct radiation (like that 
received from medical X-rays) from radioactivity in the air and on the 
ground; (2) inhalation; and (3) ingestion of beef and vegetables. An 
assessment was conducted to evaluate the potential impacts to the whole 
body and important organs of individuals. The modeling used in this 
assessment was consistent with that used by the regulatory agencies. 
Resultant impact estimates based on continuous occupancy by personnel at 
the waste heat park are presented in Table A.4-3. Calculating for an 
adult and excluding ingestion, the doses per reactor unit are approxi
mately one-tenth of the applicable guidelines (Appendix I to 10 CFR Part 50) 
specified by the regulatory agency. Including ingestion, the calculated 
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dose rates are still well within the regulatory guidelines. The total
body dose to an individual at the location cited in Table A.4-3 is
approximately I mrem/yr per unit from gaseous effluents from the
operation of WBN.

Direct Radiation--In addition to exposures from radioactivity
released in gaseous effluents, external exposures to individuals result-
ing from direct radiation from storage tanks at the nuclear plant have
also been assessed (Table A.4-4).

Shipments of radioactive materials to and from WBN also present a
potential for exposure. A buffer zone of one hundred feet has been pro-
vided between the access road to the plant and the property for the waste
heat park. Assuming 200 shipments per year and that the exposure rate
from any radioactive materials shipment is the maximum permissible, the
resulting exposure rate to a person standing at the boundary of the buffer
zone should not exceed about 0.03 mrem..

An assessment of the potential radiological, impacts of operating a
volume reduction system (VRS) and an onsite storage facility (OSF) for
low-level radioactive waste (e.g., gloves and mops) and an away from reac-
tor onsite spent fuel storage facility (AFR) has been performed. For the
storage of about 54,500 Ci/yr of low-level waste, annual doses to waste
heat park personnel due to direct radiation are less than about 7 mrem/yr
assuming a 2000 hr/yr occupancy factor and a non-day shift module loading
operation. The annual dose to an individual working at the waste heat
park site due to the operation of an AFR has been estimated to be about
0.34 mrem/yr. The highest estimated annual dose due to the operation of
the VRS is about 2.1 mrem/yr (assuming incineration of all low-level waste
including resins, and a 2000 hr/yr occupancy factor). These doses are well
within the Federal guidelines. Dose rates to heat park personnel from nor-
mal operational releases will be less than those specified in the Federal
guidelines, considering the operations of WBN, the VRS, the OSF, and the
AFR. Appropriate measures will be taken to maintain exposures to personnel
at levels which are as low as reasonably achievable (ALARA).

Direct radiation levels measured in the vicinity of WBN for the period
1977 through 1978 were found to be approximately 80 mrem/yr. By comparison,
the dose from gaseous effluents, storage tanks, VRS, OSF, and AFR would
result in about 10 mrem/yr assuming the operation of two units at WBN
and a 2000 hr/yr occupancy factor for waste heat park personnel. Again,
operational procedures for the plant will continually be reviewed to make
sure that exposures are maintained at levels that are as low as reasonably
achievable.
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1. Code of Federal Regulations, Title 10 Part 50 Appendix I, "Numerical
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In Light-Water-Cooled Nuclear Power Reactor Effluents."

2. Tennessee Valley Authority, Environmental Statement on the Watts
Bar Nuclear Plant Units 1 and 2, November 1972; Section 2.1 and
Appendix A.
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Table A.4-1

BASELINE SOUND SURVEY DATA, WATTS BAR WASTE HEAT PARK

September 1, 1979

Average Sound Level, dBA
Measurement Location Day Night Day-Night

No. 1 on map. West of site near Sims
Cemetery. Approximately 5600 feet from
plant cooling towers.

No. 2 on map. Southeast of site near
shoreline. Approximately 5300 feet
from cooling towers.

No. 3 on map. Across river southeast
of site. Approximately 3500 feet from
cooling towers.

43 52

49 50

48 50

58

56

56
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Average Sound Level, dBA 
Day Night Day-Night 

43 52 58 

49 so 56 

48 50 56 



Table A.4-2

BASELINE SOUND SURVEY DATA, WATTS BAR WASTE HEAT PARK

March 15, 1980

Average Sound Level, dBA
Day Night Day-NightMeasurement Location

No. 1 on map. West of site near Sims
Cemetery. Approximately 5600 feet from
plant cooling towers.

No. 2 on map. Southeast of site near
shoreline. Approximately 5300 feet
from cooling towers.

No. 3 on map. Across river southeast
of site. Approximately 3500 feet from
cooling towers.

25 26

33 36

38 38

32

42

44
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Average Sound Level, dBA 
Day Night Day-Night 

25 26 32 

33 36 42 

38 38 44 



Table A.4-3

ESTIMATED MAXIMUM' INDIVIDUAL DOSE RATES FROM GASEOUS EFFLUENTS, PER UNIT

External Exposures

Pathway Guideline
2

Dose

y air dose
air dose

Total body
Skin

10
20

5
15

0.65 mrad/yr
3.77 mrad/yr
0.57 mrem/yr
1.34 mrem/yr

Internal Exposures (critical organ is the thyroid)

Pathway Guideline
Dose to Adult

(excluding ingestion)

Radioiodines and
Particulates

15 1.3 mrem/yr

Breakdown of Internal Exposures (mrem/yr)

Child 3 Adult

Inhalation
External

1.21
0.58

0.75
0.58

1.33Total 1.79

Ingestion

Vegetables
Beef

TOTAL, assuming existence of
ingestion pathway

4.59
0.48

6.9

2.38
0.29

4.0

1. Maximum exposure point is 625 m in the SSE sector.
2. Guidelines as defined by Section I1 of Appendix I to 10 CFR 50 (see

reference 3).
3. The listed inhalation and external dose rates are calculated assuming

a child were continuously present in the WBWHP. For other than employees
the presence of either a child or an adult at the site for extended
periods of time is unlikely.
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Table A.4-4

ANNUAL DOSE FROM DIRECT RADIATION

Direct Radiation Exposure (mrem/yr/unit)
Refueling Water Primary Makeup

Tank Water TankCompass Sector Distance, 1 m

SSE

S

SSW

SW

625

640

610

580

670

580

580

4.0(-3)

2.5(-3)

7.0(-3)

1.3(-2)

4.5(-3)

1.8(-2)

2.5(-2)

7.0(-5)

4.0(-5)

1.5(-4)

2.3(-4)

8.0(-5)

4.5(-4)

7.0(-4)

WSW

W

WNW

1. Distances listed are those used for atmospheric pathway assessment and
are measured from the center of the facility. Values used for direct
radiation expsoure assessment may differ slightly.
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ANNUAL DOSE FROM DIRECT RADIATION 

Direct Radiation EXEosure (mrem/~r/unit) 
Refueling Water Primary Makeup 

ComEass Sector Distance tIm Tank Water Tank 

SSE 625 4.0(-3) 7.0(-5) 

S 640 2.5(-3) 4.0(-5) 

SSW 610 7.0(-3) 1. 5 (-4) 

SW 580 1.3(-2) 2.3(-4) 

WSW 670 4.5(-3) 8.0(-5) 

w 580 1.8(-2) 4.5(-4) 

WNW 580 2.5(-2) 7.0(-4) 

1. Distances listed are those used for atmospheric pathway assessment and 
are measured from the center of the facility. Values used for direct 
radiation expsoure assessment may differ slightly. 
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FIGURE A.4-1

LOCATION OF BASELINE SOUND
SURVEY POINTS

WATTS BAR NUCLEAR PLANT
AND WASTE HEAT PARK SITE.

September 1, 1979

Scale 1:24,000' \
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A.5 TERRESTRIAL ECOLOGY

A.5.1 Vegetation

The proposed park lies within the Ridge and Valley Physiographic
Province in east Tennessee. Major habitats present include fields in
various stages of succession, marshlands, bottomland hardwood forests,
upland hardwood forests, ponds, and riparian habitats along Yellow Creek.
A significant portion of the site has been disturbed as a consequence of
construction of Watts Bar Nuclear Plant. Disturbed areas include active
and reclaimed borrow areas, numerous unimproved roads, construction
buildings, and storage areas.

Areas of the proposed Waste Heat Park that are not disturbed by
construction activities are either in open fields or wooded. None of
the habitats seen are unusual for the region.

Onsite wooded areas are chiefly bottomland hardwood forests with
upland species restricted to slopes and ridges. Bottomland species in
the overstory include sweetgum, tulip tree, red maple, black gum, white
oak, willow and sycamore. The shrub layer is mainly dogwood, viburnum,
muscadine, cane, and paw paw. Understory includes Japanese honeysuckle,
touch-me-not, partridge berry, lizard tail, skull cap, crossvine, and
cinnamon fern. The more upland slopes have white oak, southern red oak,
hickory, and scattered cedars.

Open fields on the site are either in pasture or early succession.
Pastures are predominantly fescue with mixtures of other grasses, white
clover, and scattered morning glory. Fields in early succession have a
mixture of grasses as well as blackberry, sumac, cedars, sassafras, asters,
sunflowers, and beggar ticks.

A.5.2 Wildlife

There are approximately 357 species of terrestrial vertebratVS5
whose ranges include the area to be impacted by park development.--)
The terrestrial vertebrate fauna is typical of similar areas in the
Ridge and Valley of east Tennessee, and no unique faunal assemblages are
known from the site.

However, due to the juxtaposition of the various habitats on the site,
a large diversity of upland game could inhabit the site. Species typically
inhabiting the open field and early successional habitat include cottontail
rabbit, bobwhite quail, and groundhog. Game species inhabiting upland
and bottomland wooded areas include gray squirrel, raccoon, and opossum.
Species utilizing both wooded and open land to fulfill habitat requirements
include white-tailed deer, gray fox, and red fox. Riparian zones serve
as a habitat component for a number of the above-listed species and as
primary habitat for mink and muskrat.
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Nongame species typical of early successional fields and reclaimed
borrow areas include the eastern harvest mouse, deer mouse, eastern
meadowlark, red-winged blackbird, blue grosbeak, black racer, black rat
snake, and black kingsnake. In addition to these species, brushy fields
on the site provide habitats for the short-tail shrew, cotton rat, eastern
kingbird, gray catbird, white-eyed vireo, summer tanager, indigo bunting,
and fence lizard.

Common nongame species of woodlands on the site include the wood
thrush, red-eyed vireo, hooded warbler, Kentucky warbler, eastern box
turtle, ringneck snake, and brown snake. Typical species of marshlands,
wooded swamps, and ponds include the green heron, common yellowthroat,
pied-billed grebe, common snapping turtle, northern water snake, marbled
salamander, red-spotted newt, Fowler's toad, upland chorus frog, spring
peeper, green frog, and bullfrog. Several species such as the dusky sala-
mander, two-lined salamander, and red salamander occur along rocky clear
streams on the site.

The proposed Watts Bar Waste Heat Park is located adjacent to the
Yellow Creek Wildlife Management Area which is managed by the State of
Tennessee. The Yellow Creek Management Area supports large numbers of
migrant-wintering waterfowl populations and is managed as a waterfowl
hunting area. Shallow water areas provide habitat for shore and wading
birds, including great blue and green herons.
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A.6 AQUATIC ECOLOGY

A.6.1 Nonfisheries

TVA biologists, as a part of the preoperational monitoring program
for the Watts Bar Nuclear Plant, monitored and inventoried the biological
elements of the upper reaches of Chickamauga Reservoir from February 1973
through December 1977. Four of the eight biological monitoring stations
included in that preoperational program were in the tailwaters of Watts
Bar Dam in the vicinity of the proposed waste heat park. Quarterly sam-
ples of phytoplankton, zooplankton, and benthos were taken during this
period. From 1975 through 1977, mussel surveys were conducted in addition
to the normal benthic monitoring.

During 1978, more extensive sampling for mollusks was conducted in
the Watts Bar tailwater as part of TVA siting investigations. These data
were collected similarly to the preoperational qualitative surveys except
that individual scuba searches were not limited to 20 minutes and specimens
were not measured. From this survey work, data were available to update
mussel distributions from Watts Bar Dam to about TRM 514.

A.6.1.1 Phytoplankton (microscopic plants - primarily, whose locomotion
is almost entirely controlled by water currents)

As primary producers, phytoplankton play an important role in the
food chain of reservoirs, serving as a food source for both secondary pro-
ducers (e.g., zooplankton) and herbivorous fishes. The phytoplankton com-
munities of Watts Bar and Chickamauga Reservoirs in the site vicinity were
abundant and diverse on most occasions with many species of diatoms and
green algae. However, during the summers of 1976 and 1977, the blue-green
algae exhibited a marked increase in numbers and hence composed a greater
percentage of the community at all sampling stations. This marked increase
in blue-greens cannot be related to any point source discharge, but perma-
nent or significant increases in blue-green algal composition are considered
both detrimental, and indicative of poorer water quality. When present,
increases in blue-green populations most frequently will occur in the late
summer and fall. Warmer temperatures, lower flows, and organic enrichment
are environmental factors which most frequently enhance the growth of
blue-green populations.

A.6.1.2 Zooplankton (microscopic animals - primarily, whose locomotion
is greatly influenced by water currents)

Zooplankton play an important role in the aquatic food chain of a
reservoir as secondary producers (primary consumers) and provide an excel-
lent food source for larval and juvenile fish. The zooplankton populations
in the tailwater of Watts Bar Dam exhibit considerable yearly and seasona-
ble variability. Standing crop estimates during the period from 1973
through 1977 were lowest in the winter and fall and were highest in the
spring and summer. Total zooplankton numbers at the four stations in the
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vicinity of the proposed waste heat park ranged from a low of 2,790
organisms per cubic meter in the fall of 1973 to a high of 316,003
organisms per cubic meter in the summer of 1976.

The standing crop estimates obtained from the Watts Bar Nuclear Plant
preoperational monitoring program show that there is a trend for total
zooplankton numbers to decrease with increasing distance downstream. from
the Watts Bar Dam. This would seem to indicate that the Watts Bar Reservoir
is the only significant source of zooplankton in this tailwater area.

A.6.1.3 Benthos (organisms associated with bottom of river or reservoir)

The prevalent benthic macroinvertebrate fauna of the Watts Bar Dam
tailwater is comprised of clams, mussels, insect larvae and nymphs, and
aquatic worms. Results of these studies indicate that taxa which are
characteristic of flowing water conditions tend to occur with regular
frequency in the most upstream (more riverine) reaches of the tailwater.
Toward the lower end of the study area (more affected by impoundment)
taxa characteristic of reservoir habitats occur most frequently. This
faunal shift occurs gradually within the study area and is considered to
be characteristic of faunal shifts which occur downstream from mainstream
impoundments. There are no obvious distributional patterns which would
typify significant point source pollution problems; however, the data
are inadequate for any definitive conclusions in this regard.

The Tennessee River has long been noted for its indigenous mussel
fauna. This group of organisms once provided a substantial commercial
fishery in the section of the Tennessee River downstream from Watts Bar
Dam. A combination of overharvesting and impoundment of the river have
functioned to greatly reduce and modify the mussel fauna. Despite these
factors and periodic occurrences of dissolved oxygen below 2.0 mg/l, a
relatively diverse mussel fauna still exists in the Watts Bar Dam tail-
water, especially in a reach 5-10 miles downstream from the dam.

There are three areas within the Watts Bar Dam tailwater where the
mussel fauna is most diverse (mussel beds). These are TRM 528.1-526.1,
TRM 525.0-524.0, and TRM 521.3-520.2. All but 0.3 mile of these areas
fall within a State designated mussel sanctuary (TRM 522.5 to Watts Bar
Dam) where commercial harvesting is prohibited. Most of the habitat
downstream from the sanctuary is only marginally suitable for mussels,
and is not productive enough to support a commercial mussel fishery.

For additional detail regarding the aquatic macroinvertebrate fauna
of the Watts Bar Dam tailwater, see references I and 3.

A.6.2 Fish and Fishery Resources

As a result of approximately four years' preoperational monitoring
for Watts Bar Nuclear Plant, 54 species of fish representing 15 families
were identified from the site vicinity. These fish were taken by gill
nets, hoop nets, electrofishing, seining, and rotenone (cove). Clupeids
(i.e., skipjack herring, gizzard shad, and threadfin shad) were the most
abundant species taken with gill nets, electrofishing, and rotenone.
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typify significant point source pollution problems; however, the data 
are inadequate for any definitive conclusions in this regard. 

The Tennessee River has long been noted for its indigenous mussel 
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fishery in the section of the Tennessee River downstream from Watts Bar 
Dam. A combination of overharvesting and impoundment of the river have 
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factors and periodic occurrences of dissolved oxygen below 2.0 mg/l, a 
relatively diverse mussel fauna still exists in the Watts Bar Dam tail
water, especially in a reach 5-10 miles downstream from the dam. 
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mussel fauna is most diverse (mussel beds). These are TRM 528.1-526.1, 
TRM 525.0-524.0, and TRM 521.3-520.2. All but 0.3 mile of these areas 
fall within a State designated mussel sanctuary (TRM 522.5 to Watts Bar 
Dam) where commercial harvesting is prohibited. Most of the habitat 
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and is not productive enough to support a commercial mussel fishery. 

For additional detail regarding the aquatic macroinvertebrate fauna 
of the Watts Bar Dam tailwater, see references 1 and 3. 

A.6.2 Fish and Fishery Resources 

As a result of approximately four years' preoperational monitoring 
for Watts Bar Nuclear Plant, 54 species of fish representing 15 families 
were identified from the site vicinity. These fish were taken by gill 
nets, hoop nets,electrofishing, seining, and rotenone (cove). Clupeids 
(i.e., skipjack herring, gizzard shad, and threadfin shad) were the most 
abundant species taken with gill nets, electrofishing, and rotenone. 
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White crappie, bluegill, and white bass were taken most often in hoop
nets; and brook silverside, emerald shiner, and bluegill were most numerous
in shoreline seining samples.

The Watts Bar tailwater area supports an intensive sport fishery,
including migratory spawning species as well as more resident species.
Creel survey data indicate white crappie to be the numerically dominant
species. Bluegill, sauger, white bass, channel catfish, and largemouth
bass are also important to angler harvest.

Ichthyoplankton samples collected near the Watts Bar Nuclear Plant
over the period 1976-1979 showed clupeid larvae the dominant family col-
lected, exceeding 50 percent of the total catch in each of the four years.
Larvae of migratory taxa purported to spawn in the tailwaters were collecte(
infrequently, indicating that the Watts Bar tailwater in the site vicinity
is probably not used extensively by these species for spawning.

A.6 REFERENCES

I. Gooch, C. H., W. Jeffrey Pardue, and Donald C. Wade. "Recent Mollusk
Investigations on the Tennessee River--1978." Draft report, January
1979, Water Quality and Ecology Branch, TVA, Division of Environmental
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2. Watts Bar Nuclear Plant Preoperational Fisheries Monitoring Report,
1977-79. Prepared by J. P. Buchanan, M. S. Kirby, G. E. Peck, J. M.
Roberts, A. 0. Smith, C. T. Swor, and R. Wallus. TVA, 1980.

3. Watts Bar Nuclear Plant Preoperational Aquatic Monitoring Report,
1973-77.' Prepared by R. D. Harned, C. E. Mulkey, W. J. Pardue, and
E. B. Robertson. TVA, Division of Water Resources, April 1980.
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A. 7 ENDANGERED OR THREATENED SPECIES

A.7.1 Coordination with U.S. Fish and Wildlife Service

On October 4, 1979, a request was submitted (see Appendix E) to the
Regional Office of the U.S. Fish and Wildlife Service for the names of
those species either listed or proposed for listing as endangered or
threatened and which might occur in the vicinity of the proposed project.
In a response, dated November 16, 1979, the acting regional director of
that agency indicated that three species of endangered freshwater mussels
may occur in the vicinity of the site. This letter did not indicate the
possible presence of fish, terrestrial wildlife, or plant species; how-
ever, for the purposes of this environmental statement we have elected
to include some discussion of State or Federally listed terrestrial and
fish species which have been reported to inhabit the general area of Watts
Bar and Chickamauga Reservoirs. The following information is considered
TVA's "biological assessment" pursuant to Section 7(C) of the Endangered
Species Act of 1973 as amended.

A.7.2 Aquatic Invertebrates and Fish

Two endangered mussel species are known to occur in the vicinity of
the proposed waste heat park site. Lampsilis orbiculata (Hildreth, 1828),
the pink mucket pearly mussel, occurs at many sites from Tennessee River
Mile (TRM) 528.3 downstream to at least TRM 517.4. Although it is pro-
tected as an endangered species, this mussel is widespread in the Tennessee
River. Dromus dromas (Lea, 1834), the dromedary pearly mussel, is known
from only three sites within the area from TRM 520.8-520.2. Though once
a common component of the Tennessee River fauna, this species is now
extremely rare in the Tennessee River.

In their listing of endangered species likely to be affected by this
project, the U.S. Fish and Wildlife Service included Plethobasus cooperianus
(Lea, 1834), the orange-footed pearly mussel, along with the two mussel
species discussed above. P. cooperianus originally occurred in much of
the mainstream Tennessee River; however, the 1978 TVA survey found this
species only below Pickwick Landing Dam (TRM 206), Guntersville Dam (TRM
349), and Fort Loudoun Dam (TRM 602).' In all of these areas, this species
made up less than 0.2 percent of the mussel specimens examined. No speci-
mens of P. cooperianus were found below Watts Bar Dam during TVA surveys
in 1978 or 1980; however, a specimen was collected at TRM 515 in 1957.
If P. cooperianus continues to exist in this reach of the river, it is
apparently present in extremely low numbers.

No specimens of any aquatic threatened or endangered fish species
have been collected in the immediate site area. Two specimens, identi-
fied as Percina tanasi, the snail darter, were seen (but not captured)
just off Lick Light (TRM 515.4) on April 19, 1976. A TVA fisheries
biologist made the sitings while scuba diving on Hazel Ridge Shoals as
part of a survey to establish snail darter distribution in the Tennessee
Valley. The siting of these specimens suggested that snail darters might
occur in areas with sand and gravel substrates from Lick Light to Watts
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'Bar Dam. Until 1981 searches of this river reach had
such a population or to repeat this siting. However,
immature snail darters were found in Sewee Creek (TRM
supports the hypothesis of a viable population in the
tailwaters.

failed to locate
in April 1981,
524.9) which again
Watts Bar Dam

A.7.3 Terrestrial Wildlife

No resident populations of federally listed or proposed endangered
or threatened species are known from the project area. However, bald
eagles (Haliaeetus leucocephalus), considered endangered by the U.S. Fish
and Wildlife Service, have been observed year-round along the mainstream
of Chickamauga and Watts Bar Reservoirs near the proposed waste heat park.
Most of their activities are confined to the mainstream and large trees
along the reservoir bank. The gray bat (Myotis grisescens), also con-
sidered federally endangered, is known from two caves in Rhea County and
three caves in Meigs County. Information on these caves is presented in
the following table:

Cave Name

Bat Cave No. 1

Bat Cave No. 2

Bat Cave No. 3

Bat Cave No. 4

Bat Cave No. 5

Use

Maternity Colony

Maternity Colony

Bachelor/transient

Bachelor/transient

Bachelor/transient

Location from Project Site

Rhea County, approximately
10 miles downstream of site.

Rhea County, approximately
10 miles downstream of site.

Meigs County, approximately
13 miles upstream of site.

Meigs County, approximately
3.5 miles downstream of site.

Meigs County, approximately
27 miles downstream of site.

A pair of ospreys (Pandion haliaetus), listed as endangered by the
State of Tennessee, nested at the southern edge of the proposed site as
late as 1974. The tree was storm damaged in 1975 and no recent nesting
attempts have been made. However, ospreys are common in the area during
spring and fall migrations.

Hayfields and vegetated borrow areas appear to provide suitable habi-
tat for grasshopper sparrows (Ammodramus savannarum), listed as threatened
by the State of Tennessee. However, there are no nesting records for
this species from the proposed site. Marsh hawks (Circus cyaneus), listed
as threatened in Tennessee, are a common winter resident and utilize low-
lying hayfields and marshlands on the site.

The Tennessee cave salamander (Gyrinophilus palleucus), listed as
threatened by the State of Tennessee, is known from Blythe Ferry Cave in
Meigs County. However, no cave systems are known within or near the
project boundaries.
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Species listed as being "in need of management" by the State of
Tennessee which occur in the vicinity of the project include the great
blue heron (Ardea herodias), red-shouldered hawk (Buteo lineatus), sandhill
crane (Grus canadensis)Tsmall-footed myotis (Myotis leibii), green anole
(Anolis carolinensis), six-lined racerunner (Cnemidophorus sexlineatus),
northern pine snake (Pituophis melanoleucus), Cumberland turtle (Pseudemys
scripta troosti), and hellbender (Cryptobranchus alleganiensis).

Two colonies of nesting great blue herons have been identified in the
vicinity of the proposed site. These birds travel great distances to feed
and occasionally occur on the project site. The red-shouldered hawk uti-
lizes bottomlands and swamplands both on and adjacent to the project site.
This hawk is not known to nest on the project site. The sandhill crane, a
migratory species, has been observed during waterfowl surveys near the
Yellow Creek Wildlife Management Area.

The small-footed myotis is known from Rhea County approximately 10.0
miles westof Dayton. No resident populations are known to occur on the
site. The green anole, six-lined racerunner, and northern pine snake are
also known from Rhea and Meigs Counties. Although suitable habitats for
these species are present, there are no known records on the proposed
site. Hellbenders have been recorded in Rhea County; however, this large
aquatic salamander inhabits medium to large, free-flowing, rocky streams
and does not occur on or near the project site.

A.7 REFERENCES

1. Gooch, C. H., W. Jeffrey Pardue, and Donald C. Wade. "Recent Mollusk
Investigations on the Tennessee River-1978." Draft Report, January
1979, Water Quality and Ecology Branch, TVA, Division of Environmental
Planning.

2. Scruggs, George D., Jr. "Status of Fresh-Water Mussel Stocks in the
Tennessee River." U.S. Fish and Wildlife Service Special Report,
Fisheries No. 370:1-41, 1960.
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A.8 LAND USE

A.8.1 Site Area

The park site is located on a mostly cleared, gently sloping portion
of the Watts Bar Reservation. The park is bounded by the Yellow Creek
Wildlife Management area on the west, Chickamauga Lake on the south, Watts
Bar Nuclear Plant on the east, and a ridge on the north. Figure A.8-1 is
a map of the site area. State Highway 68 provides direct road access and
a Southern railway spur provides direct rail access to the site. Portions
of the site are presently used as the location for construction buildings,
storage areas, and earth borrow for the construction of Watts Bar Nuclear
Plant. The major portion of the waste heat park site will be located on
a large tract of land that had been designated by local communities and
,by State industrial development groups as a potential industrial area.

A.8.2 Generalized Vicinity Land Use

The proposed site of the waste heat park is located adjacent to TVA's
Watts Bar Nuclear Plant. This is the most significant industrialized land
use within a 5-mile radius of the site. It is also the location of TVA's
hydro and steam generating plants. Generalized land use in the vicinity
of the Watts Bar Waste Heat Park site is characterized on Figure A.8-2. , 2 ,3

Existing land use in the vicinity of this site is predominately
agricultural and forestry. The major concentration of urban population
is located in Spring City and Decatur. These communities had a resident
population of 1,840 and 865, respectively, in 1977.4 1978 population
estimates for Rhea and Meigs Counties are 22,700 and 7,000.4 The largest
community in the Watts Bar area is Dayton, which had an 1977 estimated
population of 4,240.4

The existing character of the lower portion of Watts Bar Reservoir
is predominately recreational. The major focal points of recreation use
include the numerous city and county parks, commercial recreation resorts,
and TVA recreation areas. Other TVA-managed property on Watts Bar and
Chickamauga Reservoirs, notably the Fooshee Peninsula and Smith Bend
areas are utilized for passive recreation and wildlife management pur-
poses. The lower portion of Watts Bar Reservoir has experienced notable
reservoir-oriented residential development.

Projected development in the vicinity of the proposed waste heat park
is shown on Figure A.8-2. Locally adopted land use plans indicate the
major land use changes expected during the next 10-20 years will reinforce
past trends. Continuation of these trends will result in urban expansion
around the existing communities, intensification of the residential/
recreational uses on Watts Bar Reservoir, and the development of industrial
uses on waterfront sites in the upper reaches of Chickamauga Reservoir.
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A.8.3 Recreation

Watts Bar and Chickamauga Reservoirs are attractive lakes for recrea-
tion users. Recreational activities in the vicinity of the proposed waste
heat park are concentrated during April 15 through October 15. A privately
operated resort and restaurant are located on Watts Bar Dam Reservation,
and a small, commercial dock is located at River Mile 527.01 opposite the
proposed waste heat park. Meigs County Park is located on the left bank
of the reservoir just upstream from the dam. A short distance upstream
from this park is Fooshee Bend, an 890-acre peninsula, a small part of
which has been developed as a recreation area by TVA. The entire penin-
sula is under consideration as a potential State park site. Several
other resorts are located within a 25-mile radius.

TVA has provided a boat-launching ramp and parking area on the left
bank of the river below Watts Bar Dam. A recreation area upstream on the
left bank of Watts Bar Dam Reservation provides an improved swimming
beach, picnic facilities, toilet facilities, boat-launching ramp, and
parking area. The Yellow Creek Wildlife Management Area, located
adjacent to the proposed site, is a managed waterfowl hunting area.

The two dominant features in the vicinity of the Watts Bar Waste
Heat Park are the Watts Bar Nuclear Plant and the Watts Bar Steam Plant.
Due to the operational nature of these two facilities and because of a
wide choice and variety of public and commercial recreational opportunities
currently located in the vicinity, the overall potential for additional
public recreational use and for development at the proposed industrial
park site is considered very low. There are no existing recreational
facilities on the site of the waste heat park.

A.8 REFERENCES

1. Tennessee State Planning Office, "Rhea County, Tennessee: Population
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A.9 SOCIOECONOMICS

A.9.1 Population and Employment

Rhea and Meigs Counties are sparsely settled. The 2-county area had
a population of about 29,700 in 1978. The 1978 estimated residential
population of Rhea County was 22,700 and of Meigs County, 7,000. From
1960 to 1970, net population growth for these counties was slow, totaling
1400 persons. However, these counties have experienced greater population
growth in the past decade with a net increase of about 7300 persons between
1970 and 1978. Dayton, the county seat of Rhea County, is the largest city
in the area with a 1977 population of about 4,240. In 1975 about 78 percent
of those persons employed within the two counties were employed in manufac-
turing and government.

Population growth in the area is indicated in Table A.9-1. Present
and projected population distribution patterns have been published as
part of the operating license application for Watts Bar Nuclear Plant. 1 ' 2

A.9.2 Community Facilities and Services

As a result of Watts Bar Nuclear Plant construction, the local economy
of the region was stimulated by the creation of new jobs and the influx of
construction workers associated with the project.2 Growth in the housing
industry, mitigative measures applied to educational facilities, and the
expansion of other services has apparently been adequate to accommodate the
large work force (up to 3400 employees) associated with the nuclear plant. 2

The work force at the nuclear plant is declining; consequently, there should
be sufficient community services and facilities available to accommodate
the smaller work force projected for the waste heat park.

A.9.3 Transportation

The transportation facilities for the Watts Bar Nuclear Plant ade-
quately served the logistical traffic for construction of the plant, which
included traffic associated with a peak work force of 3400 employees.
Traffic incident to the construction of the nuclear plant is diminishing
as the plant nears completion. Since logistical traffic for the waste
heat park, including traffic for approximately 1100 employees, will be
less than and not concurrent with peak nuclear plant construction traffic,
the existing transportation facilities should be adequate.

A.9 REFERENCES

1. Tennessee Valley Authority. Supplement 1, Watts Bar Nuclear Plant
Environmental Information. 1977.

2. Nuclear Regulatory Commission. Final Environmental Statement related
to operation of Watts Bar Nuclear Plant Unit Nos. 1 and 2, Tennessee
Valley Authority, Docket Nos. 50-390 and 50-391. December 1978.
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Table A.9-1

POPULATION
WATTS BAR WASTE HEAT PARK IMPACT AREA AND SELECTED AREAS

Meigs County, TN

Decatur

Rhea County, TN

Dayton

Spring City

Total 2-county area

State of Tennessee

NA - Not available.

Source: U.S. Bureau
U.S. Bureau

1960

5,160

681

15,863

3,500

1,800

21,023

3,567,089

Population
1970 1977

5,219 6,800

698 865

17,202 21,900

4,361 4,240

1,756ý 1,840

22,421 28,700

3,924,164 4,292,000

1978

7,000

NA

22,700

NA

NA

29,700

4,357,000

Percent Change
1960-1970 1970-1977 1977-1978

1.1 23.3 2.9

2.5 19.4 NA

7.8 21.5 3.7

19.8 -2.8 NA

-2.5 4.7 NA

6.6 21.9 3.5

10.0 9.4 1.5co

of the Census, Census of Population, 1970.
of the Census, Current Population Reports, Series P-25 and P-26.

Community Economics Projects Group
1/11/80
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A.1O AESTHETICS

No unique scenic features are located on the site or in the immediate
vicinity. Thus, the ultimate design and layout of buildings or factories
that utilize the waste heat, and their proximity and visual line of sight
to nearby roads and recreational boaters, are the primary factors affecting
aesthetics. Also, potentially affecting aesthetics are the design and
location of coal-fired backup units and the size and location of the coal
stockpile that would be used to provide heat during times of plant outage.
The proposed waste heat park would be in concert with the industrial
environment already established.
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A.11 CULTURAL RESOURCES

Archaeological investigations in the locality of the Waste Heat Park
over the past 70 years resulted in the identification of at least 12 pre-
historic mounds and a series of stratified occupation levels ranging in
time from 3000 B.C. to A.D. 1200.

During late fall and early winter of 1979, an intensive archaeologi-
cal survey and testing program was conducted by consultants for TVA on
the 400-acre tract of the proposed Waste Heat Park.1

Over half of this tract had been previously disturbed by various ter-
rain altering activities. This survey resulted in the identification of
a singular significant archaeological site, 40RH64. This stratified site
(6000 B.C. to A.D. 300) is on a natural levee of the Tennessee River and
is approximately 300 feet in width and 6000 feet in length, extending
north from the mouth of Yellow Creek to the Watts Bar Nuclear Plant intake
channel.

An internal evaluation of historic structures was made by TVA's
Cultural Resource staff and none were found to be on or eligible for the
National Register of Historic Places.

A.11 REFERENCES

1. GAI Consultants, Inc. Archaeological Survey and Testing of the
Proposed TVA Watts Bar Waste Heat Park - Final Report, May 1980.
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A.12 FLOODPLAINS AND WETLANDS

A.12.1 Floodplain Evaluation

The site is subject to flooding from the Tennessee River, Yellow
Creek, and an unnamed tributary to Yellow Creek. The 1- and 0. 2 -percent-
chance flood elevations are 697 and 701, respectively, on the Tennessee
River and the lower portion of Yellow Creek at the site. The Tennessee
River backwater elevations would be the controling elevations on Yellow
Creek and up to mile 0.45 on the tributary to Yellow Creek, where they
would intersect with headwater flood elevations. In addition to these
three flooding sources, there are three small, unnamed drainageways that
flow through the site. The TVA structure profile elevation at the site
is 706 between Tennessee River Miles (TRM) 526 and 527, 707 from TRM 527
to TRM 528, and 708 between TRM 528 and Watts Bar Dam.

A.12.2 Wetlands

The proposed Watts Bar Waste Heat Park borders extensive wetlands
located along Yellow Creek adjacent to the west boundary of the Watts
Bar site. Additional wetlands are formed on the area by embayments
which are part of the backwaters of the Chickamauga Lake. Other wet-
lands are formed by portions of the Yellow Creek drainage which trans-
verses Watts Bar Reservation. Some of these wetlands appear to have
been formed by alteration of the Watts Bar Reservation during construc-
tion of the nuclear plant located at this site. These wetlands located
on the site are identified in Figure A.12-1 and are classified as follows
(Cowardin et al. 1977):

System - Palustrine
Class - Scrub/Shrub Wetland
Subclass - Broad-leaved deciduous
Modifier - Artificially Flooded
Special Modifier - Impounded

System - Palustrine
Class - Forested Wetland
Subclass - Broad-leaved Deciduous
Modifier - Artificially Flooded
Special Modifier - Impounded

These wetlands will be preserved or other mitigative measures imple-
mented if no practicable alternative exists to their disturbance. All
activities will be evaluated to assure that they are consistent with TVA
policy on wetland protection.

A-51

A.12 FLOODPLAINS AND WETLANDS 

A.12.1 Floodplain Evaluation 

The site is subject to flooding from the Tennessee River, Yellow 
Creek, and an unnamed tributary to Yellow Creek. The 1- and 0.2-percent
chance flood elevations are 697 and 701, respectively, on the Tennessee 
River and the lower portion of Yellow Creek at the site. The. Tennessee 
River backwater elevations would be the controling elevations on Yellow 
Creek and up to mile 0.45 on the tributary to Yellow Creek, where they 
would intersect with headwater flood elevations. In addition to these 
three flooding sources, there are three small, unnamed drainageways that 
flow through the site. The TVA structure profile elevation at the site 
is 706 between Tennessee River Miles (TRM) 526 and 527, 707 from TRM 527 
to TRM 528, and 708 between TRM 528 and Watts Bar Dam. 

A.12.2 Wetlands 

The proposed Watts Bar Waste Heat Park borders extensive wetlands 
located along Yellow Creek adjacent to the west boundary of the Watts 
Bar site. Additional wetlands are formed on the area by embayments 
which are part of the backwaters of the Chickamauga Lake. Other wet
lands are formed by portions of the Yellow Creek drainage which trans
verses Watts Bar Reservation. Some of these wetlands appear to have 
been formed by alteration of the Watts Bar Reservation during construc
tion of the nuclear plant located at this site. These wetlands located 
on the site are identified in Figure A.12-1 and are classified as follows 
(Cowardin et al. 1977): 

System - Palustrine 
Class - Scrub/Shrub Wetland 
Subclass - Broad-leaved deciduous 
Modifier - Artificially Flooded 
Special Modifier - Impounded 

System - Palustrine 
Class - Forested Wetland 
Subclass - Broad-leaved Deciduous 
Modifier - Artificially Flooded 
Special Modifier - Impounded 

These wetlands will be preserved or other mitigative measures imple
mented if no practicable alternative exists to their disturbance. All 
activities will be evaluated to assure that they are consistent with TVA 
policy on wetland protection. 

A-51 



J, A.h,'BIAR LA

• \ .° , /; •. \ 530

W at

Ewing Ce

.:..'. . ,,3

N '--. - __,_/ ? : ;

; " " 0 1 , ,' ... . -._-

I 730 'ARWATTSBA

NUCEA P ANT N

t~Me r. j P|

ti~ A m' n ) . 7 -
Cotonv 64

'.'..G•i'7' •-v am Was

' II ' F"i," - -r o v\ c orn -7.

., • /.... .. Wet landsFigue A.21 WTLANS LOATINULA ScAle1N4,0

... (4 
J. cv

,,,D111 E *S h N M

,, --f4. ,- . I , o"• '• < .o.. o
.r b ••:,• • I • .. " Y•-

A;o• . ( : -?\ . Ld ,'" - " " • ¢

•Landivf _ ,,/ Výý4 v
AA q • • : .o

"•'' "" --Indian rrngure 0. ,C2-? WE-BD LOC IO G 53~nd

A-52

'v/ '('.l. ',;-__ "I \ .... ~\ '-j'---') , , ...... . . I 
...... ' 

,'I (: #' 
I, 

o 

! 

,/'" 
f''' 

..,1. I 
.{ 

~fl'l~~ ~ I I 

Fores., GrQ\c:1-'.J:~ -<.' I 

Figure A.12-1WETLANDS LOCATION 
~ Wetlands 

Scale 1:24,000 

A-52 



APPENDIX B

ENVIRONMENTAL CONSEQUENCES - WATTS BAR SITE

APPENDIX B 

ENVIRONMENTAL CONSEQUENCES - WATTS BAR SITE 



B. ENVIRONMENTAL CONSEQUENCES - WATTS BAR SITE

Impacts likely to be created by the proposed action are evaluated
in this appendix. Site-specific mitigative measures are also presented.

B.1 SITE DEVELOPMENT

B.1.I Construction and Operation Impacts

No significant impacts to geologic features or to existing site
facilities are expected, especially since a large portion of the site
has already been disturbed. Impacts to soils include inhibition of soil-
forming processes and soil structure destruction, which are unavoidable
consequences of soil removal during site preparation. Lack of structure
and destruction of soil microorganisms will result in decreased fertility
and compaction of the topsoil. Potential mixing of soil types during
stripping can further reduce topsoil quality, while wind and water ero-
sion reduce the quantity of available soil and increase sediment loads
in Yellow Creek and Chickamauga Reservoir.

Potential effects on normal operations of the nuclear plant would
be related to a minor change in the quality of the CCW and the increased
working force in proximity to the plant. The potential for waste heat
park-related accidents to impact the safe operation of the nuclear plant
will be evaluated by both TVA and the NRC, if appropriate, at such time
specific uses are identified. The severity of this impact is a function
not only of distance from the reactor but also of the nature of activities
at the waste heat facilities.

B.I.2 Mitigative Measures

The park and/or individual site developer will be required to use
best management practices during site preparation to minimize soil
losses due to erosion. Material useful as plant growth media will be
segregated and stockpiled, then redistributed for site landscaping.

Park occupants would be required to provide adequate treatment of
the CCW so that the water returned to the cooling system would be of
acceptable quality. Regarding thermal conditions, cooled water from open-
system users, which would be returned at a temperature less than or equal
to that of CCW leaving the cooling towers, would be collected and pumped
to the cooling tower basin, bypassing the cooling tower. For those users
not consuming significant quantities of heat, the water would be routed
back to the cooling tower supply conduit.

The Radiological Emergency Plan for the nuclear plant would have to
be revised to include provisions for the employees and activities of the
waste heat park.
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Mitigation to minimize effects from park-related operations or acci-
dents on plant operation include screening of potential park users and
controls on park operations. Generally explosive substances and tall
structures would be avoided, and the park is isolated from the cooling
system of the plant so as to pose no hazard potential.
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B.2 AIR QUALITY

B.2.1 Construction Impacts

The primary construction-related air quality impacts are associated
with fugitive dust resulting from grading and clearing operations and
from construction traffic. Wet suppression techniques, including periodic
application of water on unpaved access roads, will be employed to minimize
the fugitive dust associated with these activities. Fugitive emissions
may occasionally degrade visibility onsite; however, no significant air
quality impacts would be expected offsite. Minor increases in combustion
emissions from operation of construction vehicles can be expected during
construction. These emissions, however, will be of a temporary nature
and are only expected to have a very small impact, if any, offsite.

B.2.2 Operational Impacts

Air quality in the area is protected by state implementation plan
(SIP) provisions affecting existing sources and by new source performance
standards (NSPS) and PSD provisions which regulate new sources. These
provisions and regulations will assure that NAAQS are maintained to pro-
tect public health and welfare in the area.

B.2.2.1 Park Users

Most of the atmospheric emissions associated with activities and
facilities of potential users, of the size considered for the waste heat
park, are expected to be small. In addition, most of the processing
activities would be regulated by process permit conditions. Consequently,
no significant air quality impacts resulting from these emissions would
be expected offsite. Qualitative assessments of the potential air pollu-
tant emissions associated with the various activities are provided below.

Cultivation--Cultivation activities associated with the 25-acre soil
warming area will create minor amounts of onsite fugitive dust.

Grain Drying--Loading and unloading activities associated with the
drying facility will create minor amounts of fugitive dust. Controls will
be required on the grain bins to mitigate potentially significant point
source (nonfugitive) particulate emissions.

Soybean Processing--Loading and unloading activities associated with
the soybean facility will create minor amounts of onsite fugitive dust.
Controls will be required on significant point (nonfugitive) sources of
particulate emissions. Supplemental heat, required in the drying process,
would be provided by a natural gas or fuel oil-fired heat exchanger.
Depending on the type and amount of fuel used and the efficiency of the
heat exchanger, minor amounts of the following criteria pollutants could
be emitted: CO, NOx, HC, SO2 .
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Livestock Production and Animal Waste Reclamation--The significant
atmospheric emissions associated with livestock production and animal
waste reclamation are methane gas (CH4 ) and odorous organic molecules.
Occasionally, odors may be detected due to gaseous evolution from natural
biological'processes associated with animal wastes. Detection of these
nuisance odors would be dependent upon ambient conditions. The potential
for detecting odors offsite is expected to be very small.

Vegetable Processin_&--Minor amounts of steam would be discharged
from activities associated with vegetable processing. However, no sig-
nificant discharges of air pollutants would be expected.

Concrete Block and Brick--Loading and unloading activities associated
with concrete block and brick production will create minor amounts of
onsite fugitive dust. Controls will be required on brick kilns, if any,
and on any significant point sources of particulate emissions.

Greenhouse Facilities--Activities associated with operation of the
greenhouse facilities create a potential for atmospheric releases of pes-
ticides. Only pesticides approved by the EPA will. be used. Application
of pesticides will be subject to certification procedures. Consequently,
no significant air quality impacts are expected from the application of
pesticides.

Many of the facilities listed in Section 4.2.3 (Industrial Applica-
tions) have the potential to emit hydrocarbons in small quantities. If
considered as individual nonmajor sources operated independently, BACT
may not be a requirement. Odors which would be considered offensive to
some people would be produced by most of the industrial activities.
Controls on HC emissions and the filtering of air exhausted from these
facilities will reduce the potential for odors becoming a nuisance
offsite.

B.2.2.2 Central Coal-fired Facilities

Central coal-fired heat backup and heat augmentation systems (Figure
B.2-1) constructed and operated by the park management are assumed, as
opposed to individual units for each park user. Based on preliminary
source data and assumptions, it is expected that the backup and the augmen-
tation facilities would be classified as major new SO 2 sources under exist-
ing PSD regulations. Consequently, these facilities would be subject to
full PSD review, including (1) a requirement for preconstruction monitor-
ing, and (2) demonstrations of expected ambient impacts for comparison with
NAAQS and available Class II increments.

Preliminary engineering designs for the backup-and augmentation
facilities specified a 90 x 106 Btu/hr augmentation unit, a 190 x 106
Btu/hr industrial backup, and a 560 x 106 Btu/hr rest-of-park backup.
Planned stack heights were 140 ft, 170 ft, and 200 ft, respectively.
Because of their sizes and types, these facilities would be expected to
use best available control technology (BACT) to control particulates,
nitrogen oxides (NO), and sulfur dioxide (SO2 ) emissions. BACT may
also be necessary for carbon monoxide (CO) and hydrocarbons (HC), but
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such a determination will require more specific design information than
is currently available.

The potential increase in ambient levels of S0 2 is expected to be the
most restrictive air quality related limitation on locating facilities of
these sizes at the waste heat park site. Therefore, air quality modeling
was performed to determine the extent of the S02 impact. Emission rates
used for the modeling are provided in Table B.2-1. These emission rates
are based on a new source performance standard (NSPS) of 1.2 lb S0 2/10 6 Btu.
Final sizes of the actual facilities will depend primarily on the number
and sizes of park users.

With the design information provided, the CRSTER and VALLEY models
were applied, as appropriate, to estimate potential contributions of this
configuration to ambient S02 concentrations. Conservative assumptions
were used for the analyses. The three facilities were treated as separate,
but collocated sources, operating simultaneously and continuously. A
selected "worst case meteorological year" was used for the CRSTER model
and specified "worst case" meteorological conditions were used for the
VALLEY model.

Estimated three-hour average S02 concentrations from the centralized
facilities did not exceed either the NAAQS or the Class II PSD increment.
The estimated highest and second-highest 24-hour average S02 concentrations
were below the 24-hour average NAAQS (365 mg/m 3 ) for S0 2 . However, they
exceeded the total allowable Class II PSD increment (91 mg/m 3 ).

Estimates of the combined impacts of the centralized facilities and
the Watts Bar Steam Plant emissions indicated that the 24-hour average
NAAQS for S02 could be exceeded at critical terrain locations southwest of
the heat park. However, it is very unlikely that all three units would be
operating simultaneously and continuously at full load as modeled. There-
fore, any necessary PSD permit restrictions will be proposed in the PSD
permit application to limit either the hours of operation or operating
procedures of the facilities. These operating limitations will allow more
realistic modeling assumptions to be used. It may be that there will. be
no exceedances of either the NAAQS or the PSD increment with more realistic
assumptions. If PSD permit application modeling still shows a problem,
then additional controls or mitigative actions will be needed.

Several measures are available to avoid exceeding the S02 NAAQS or
the available SO2 PSD increment. While proposed stack heights for two
of the units are already close to "good engineering practice (GEP)" stack
heights, the stack on the third unit could be increased to GEP height to
help reduce impacts. The units could be physically separated by a greater
distance which would help reduce impacts. It is also possible that smaller
units could be used.

Preliminary estimates of potential particulate and NOx impacts are
well below their respective NAAQS. Estimated particulate concentrations
could be expected to consume about one-fourth of the total allowable
24-hour Class II PSD increment (37 mg/m 3 ). However, the addition of
appropriate controls should reduce this significantly. There is no PSD
increment for NO . According to preliminary information, impacts from
other pollutant emissions are expected to be minor.
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Potential air quality impacts associated with individual backup and
augmentation facilities would depend primarily upon the types of fuel
used (LP or natural gas, fuel oil, coal, or wood). Potential emissions
of S02 and TSP per unit of heat produced would generally be less for units
burning gas or oil than for units burning coal. Fugitive emissions from
gas or oil-fired units would not be significant. Individual coal-fired
units could cause air quality problems if adequate controls are not
installed to reduce S02 and TSP emissions. Wood-fired units present a
similar potential problem with respect to TSP emissions. Both coal- and
wood-fired units would have some fugitive emissions.

Cumulative impacts of SO 2 and TSP emissions from individual units
burning gas, fuel oil, coal, or wood may be equal to or even greater than
those from central coal-fired facilities, because of the more stringent
controls required for the larger coal-fired units. Thus, any net air
quality advantage of individual units over central coal-fired units may
occur only due to the reduction of fugitive particulate emissions
(especially if gas- or oil-fired units are used).

B.2.2.3 Microclimate Changes

Operation of the waste heat park facilities will result in micro-
climatic modifications in an area which includes the meteorological moni-
toring facility for the nuclear plant. These modifications may include
changes in local wind speed and wind direction near the ground, changes
in the local thermodynamic stability of the atmosphere within about 100
m of the ground, and changes in the amount of water vapor in the air near
the ground.

B.2.3 Mitigative Measures

B.2.3.1 During Construction

Fugitive dust associated with construction activities will be miti-
gated by dust suppression techniques. This will include applications of
water or chemical suppressants on unpaved access and construction roads,
as frequently as necessitated by weather conditions.

B.2.3.2 During Operation

Air pollutants produced during the operation of waste heat park faci-
lities will be regulated by NSPS, PSD permit specifications, and process
permit specifications. The various permit requirements will ensure that
air quality in the area is maintained at levels necessary to protect
public health and welfare. Consequently, additional mitigative measures
to protect air quality are not expected to be necessary during operation.

Necessary modifications will be made to the existing meteorological
monitoring program to ensure it continues to meet NRC requirements after
the park commences operation. Criteria for locating buildings and
conducting activities in-the park will be established.
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Table B.2-1

ESTIMATED ALLOWABLE SO 2 EMISSIONS a USED
FOR THE AIR QUALITY MODELING

Energy
Consumption

Rate
Unit (M Btu/hr)

Allowable
SO 2 Emissions
(lb/hr) (TPY)b

Augmentation

Industrial Backup

Rest-of-Park Backup

190c

560

108

228

672

473

999

2943

a.
b.
C.

Based on NSPS of 1.2 lb S0 2 /10 6 Btu.
Assumes continuous year-round operation. TPY is tons per year.
For units of this size, NSPS would not apply. Actual allowable emis-
sions would be based on a State SO 2 standard of 4.0 lb/10 6 Btu.
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ESTIMATED ALLOWABLE S02 EMISSIONS3 USED 
FOR THE AIR QUALITY MODELING 

Energy 
Consumption Allowable 

Rate S02 Emissions b 
Unit (M Btu/hr) (lb/hr) (TPY) 

Augmentation 90c 108 473 

Industrial Backup 190c 228 999 

Rest-of-Park Backup 560 672 2943 

a. Based on NSPS of 1.2 Ib S02/106 Btu. 
b. Assumes continuous year-round operation. TPY is tons per year. 
c. For units of this size, NSPS would not apply. Actual allowable emis

sions would be based on a State 502 standard of 4.0 lb/106 Btu. 
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B.3 HYDROLOGY AND WATER QUALITY

B.3.1 Construction and Operation Impacts

B.3.1.1 Surface Water

Waste heat park development will alter the present natural drainage
system within the site boundaries and could, to a limited degree, increase
erosion and sedimentation in the drainage system during construction.
The Tennessee River or Yellow Creek downslope from the disturbed area
could be affected.

The park's raw water supply will require a total withdrawal of up to
100 cfs (45,000 gpm). This is less than 0.5 percent of mean daily flow
past the site. Minimal consumptive use of the water is expected, so that
the removal of water will have a negligible effect on the streamflow
through or pool elevation of Chickamauga Reservoir. This can be compared
to water consumption at Watts Bar Nuclear Plant (28,800 gpm of total
64,300 gpm intake) which was i udged to have no measurable impact on
streamflow or pool elevation.

Existing thermal discharges from Watts Bar Nuclear and Steam Plants
under variable discharge conditions from Watts Bar Hydroelectric Plant
will utilize most, if not all, of the maximum allowable temperature rise
in the Tennessee River when the waste heat park begins operation. In addi-
tion, natural temperatures in this section of the river have exceeded
the maximum temperature criteria.

B.3.1.2 Ground Water

Several options are available for the park's potable water supply,
including the existing facilities listed in Section A.1.2 of Appendix A
and the construction of additional wells. If wells are drilled in the
recharge areas to springs feeding the Yellow Creek impoundment, there is
a possibility that withdrawals will impact the flow of springs in this area.
The extent of the impact would depend on the withdrawal rate and the loca-
tion of wells relative to the springs. Mutual pumpage interference, resul-
ting in a reduction of available yield, could occur between the existing
Watts Bar potable supply wells and the waste heat park supply wells.
However, because of the type of aquifer and the park's relatively low ground
water requirements, such a drawdown in any of the wells would be minimal.

B.3.1.3 Water Quality

Impacts Due to Park Construction--The potential significant impacts
to surface and ground water quality during park construction are:

1. Increased sediment loads in the river resulting from soil erosion
in the disturbed areas due to stormwater runoff.
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2. Increased sediment loads and possible releases of heavy metals
or other pollutants to the river due to instream construction
of water use facilities (including maintenance dredging).

3. Pollutant loads to surface water from the following sources:

a. Improperly treated sanitary wastes (e.g., BOD, fecal
coliform bacteria, settleable and suspended solids).

b. From improperly treated concrete batch plant wastes (e.g.,
alkalinity, high pH, settleable and suspended solids).

c. Improperly treated chemical wastes from preoperational
system cleaning operations (e.g., metals, acidity, low or
high pH).

4. Pollutant loads (e.g., organics, metals, minerals, nutrients,
high or low pH) to ground water from the improper disposal of
solid wastes generated during the construction of the project.

Impacts Due to Operation of Central Park Facilities--The potential
significant impacts to surface and ground water quality due to the opera-
tion of the central park facilities are pollutant loads from the following
sources:

I. Improperly treated sanitary wastes (e.g., BOD, fecal coliform
bacteria, settleable and suspended solids).

2. Improperly treated and managed liquid and solid wastes from
the central backup and heat augmentation systems (e.g., metals,
suspended solids, oil and grease, acidity, low or high pH, etc.).

3. Improper management of stormwater runoff from the park (e.g.,
metals, acidity, nutrients, low or high pH, suspended and
settleable solids).

4. Improper disposal of solid waste (sludges) from any required
treatment of potable and raw process water (e.g., metals,
minerals, solids).

Impacts Due to the Operations of Industrial Park Users--The identi-
fication of potential surface and ground water quality impacts are
grouped into three categories:

1. Those potential park users where there exists sufficient infor-
mation to specifically identify the impacts and address
mitigation requirements.

a. Greenhouses, soil warming, and grain drying--These users
will have no surface discharges beyond those from the
central park facilities, thus resulting in no additional
impact on surface water quality. Potential sources of
ground water contamination are solid wastes including
empty pesticide containers, the storage lagoon for the
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recycleable nutrient solution from the hydroponic green-
houses, and nutrients applied to the soil warming plots.
Leachates from soil warming plots should be monitored to
assess the impact on ground water supplies due to normal
fertilizer use for agricultural production. If any of these
users require backup or heat augmentation systems, the fuel
area could represent a source of surface and ground water
contamination due to accidental spillage during transportation,
storage, or use.

b. Aquacultural facilities--Potential pollutants to the river
are settleable and suspended solids, nutrients, fecal coli-
form bacteria, and low levels of oxygen-consuming organic
matter. Significant impacts could result from the discharges
of these pollutants, especially oxygen-consuming organics
and ammonia. Potential sources of ground water contamination
are solid waste including empty pesticide containers.

c. Production of concrete products--Potential pollutants to
the river are high pH, alkalinity, settleable and suspended
solids. Potential sources of ground water contamination are
impoundments for the treatment of liquid wastes and the
small volume of office solid waste.

2. Those park users which have the potential for generating sig-
nificant quantities of oxygen-demanding wastes and for which
there is insufficient information to identify impacts and
mitigation requirements.

If there is insufficient information to identify impacts
and mitigation requirements, additional studies will be required
to determine if the river has sufficient assimilative capacity
to tolerate any further discharge of such wastes and to assess
the potential impacts of these industries. Such studies would
be conducted by industrial candidates with methods and results
subject to approval by TVA via its NEPA review processes. Sub-
sequent studies would be required as appropriate to evaluate
treatment effectiveness. The industries included in this group
are livestock production and slaughtering, fish and meat proces-
sing, vegetable processing, and other food processing.

3. Those park users which have the potential for generating signi-
ficant quantities of toxic and hazardous wastes and for which
there is insufficient information to adequately address their
impact on water quality.

There is insufficient information to adequately assess
the impact of the industries listed below on surface and ground
water quality. Each SIC number includes industries which have
a wide variety of processes. These processes utilize or gen-
erate a varying range of materials or wastes which are poten-
tially toxic or hazardous. The industries included in this
group are wood preserving, medicinal chemicals and botanical
products, cyclic crudes and intermediates, dyes and organic
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pigments, soybean processing, adhesives, leather tanning and
products, electroplating, truck and bus bodies, and ethanol
production for gasohol.

Before these types of industries could be located in the
park, an environmental evaluation will be conducted by the
respective industry and reviewed and approved by TVA.

Effects on the Watts Bar Nuclear Plant--This section addresses the
effects of the central park facilities and the first category of park
users (greenhouse, soil warming, grain drying, aquaculture, and concrete
products facilities) on the condenser cooling water for the Watts Bar
Nuclear Plant. Maximum CCW requirements for these facilities will be
approximately 80,000 gpm, of which 42,000 gpm will be utilized for
closed-cycle convective heat transfer, 8,000 gpm for evaporative pad heat
exchangers, and up to 30,000 gpm diverted from the CCW for direct-contact
use. The first two uses of the CCW represent 50 percent of the total
CCW system (100,000 gpm) to be utilized in the waste heat park. The third
use of the CCW represents 30 percent of the total CCW system. The impact
of the direct use of the CCW as process water for aquaculture and fish and
plant production for animal waste reclamation could be significant to the
maintenance of proper concentration factors and flows for condenser cooling
systems. Therefore, as aquaculture facilities are proposed for the park,
a case-specific evaluation by TVA will be required of the CCW system and
raw water requirements. The results of this evaluation could limit the
scope of aquaculture operations.

B.3.2 Mitigative Measures

B.3.2.1 Surface Water

Mitigation measures required to protect the surface water features
at the site include diverting surface runoff away from disturbed areas,
re-establishing vegetation on areas disturbed during construction, and
providing sedimentation control measures to protect downstream watercourses.

Open-system CCW users, with the exception of aquaculture and fish and
plant production for animal waste reclamation, will typically recycle the
CCW back to the plant cooling system immediately after use. Discharges
from aquaculture raceways, and if necessary from plant production beds,
will be routed to holding ponds or other appropriate treatment facilities
before return to the cooling system or discharge. There should be suffi-
cient retention time in the ponds to ensure negligible park-induced thermal
effects resulting from discharges. However, because specific discharge
schemes cannot be specified at this time, each discharge (especially aqua-
culture applications) will be reviewed before construction for environmental
effects on surface water. All users of waste heat will be encouraged to
use resource recovery technology to conserve energy and plant nutrients in
the interest of conservation.
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B.3.2.2 Ground Water

Appropriate conditions will be included in easement agreements to
assure the protection of ground water reserves from contamination or other
adverse impacts. Careful selection of well locations with respect to
springs should reduce impacts. Observation wells should be located to
define the area where water level elevations are affected by ground-water
withdrawals. Supply wells should be constructed a minimum distance of
2000 feet from the existing Watts Bar potable supply system to avoid
pumpage interference.

TVA feels that a separation of 2000 feet is more than adequate to
avoid pumpage interference between the nuclear plant wells and a 500
gal/min potable water supply for the waste heat park.

B.3.2.3 Water Quality

For the heat park, mitigation measures will either be required by
the appropriate regulatory agency as a permit requirement or it will be a
condition of agreements between the involved parties. At a minimum, all
waste streams will have to be treated as dictated by applicable performance
standards for that industry and/or water quality standards applicable to
the receiving stream; all point source effluent streams will be controlled
and monitored in accordance with a specific NPDES permit for that industry;
and all point source effluents will be subject to use classifications and
specific water quality-criteria of the State of Tennessee. Also, any pro-
posal for dredge or fill activities will be reviewed by the U.S. Army Corps
of Engineers and certified by the Tennessee Division of Water Quality
Control prior to the issuance of a dredge or fill permit by the Corps in
accordance with Sections 401 and 404 of the Federal Water Pollution Control
Act. The Corps review of the dredge or fill proposal is conducted in con-
formance with EPA's environmental guidelines for review of proposals regard-
ing discharge of dredged or fill materials (40 CFR Part 230). Analogous
to the State's issuance of an NPDES permit for a discharger, the State must
certify that the proposed discharge of dredged or fill materials will not
result in a violation of the water quality standards for the receiving
stream.

Park Construction--Each park user, as well as the responsible organi-
zation for the central park, will be required to obtain an NPDES permit
for their construction wastewater discharges. The same type of waste-
water from several construction sites could be combined and hand].ed as
one point source or each facility could handle their waste separately.
The following identifies the required mitigation for each constmuction
impact identified in Section B.3.1.3. When appropriate, these can be
made conditions of easement agreements.

1. During site preparation and project(s) construction, stormwater
runoff will be managed by the use of best management practices,
which are the most practical and effective measure or combination
of measures which, when applied to the construction activity,
will prevent or reduce the runoff of pollutants to a level compat-
ible with the receiving stream water quality. Such measures
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involve the staging of construction, the site-specific use of
erosion prevention techniques, good housekeeping, holding ponds,
diversion ditches, dikes, and other devices, which have been
developed by the construction industry and which have been pro-
ven successful in limiting erosion and siltation losses to the
aquatic environment.

2. Instream construction for water use facilities will be required
for the raw water supply and discharge structures. However, such
construction should not significantly impact the water quality
of the river due to (a) the short-term and localized nature of
the activity, (b) the river substrate being mostly gravel, thus
minimizing the potential for release of metals and trace organics,
and (c) the volume of water available for dispersion of sediments
released by the construction activity. Also, if possible, dredg-
ing should be conducted during low flow periods, preferably during
periods of no release from Watts Bar Dam.

3. Sanitary wastes generated by construction personnel will receive
appropriate treatment to meet permit limitations. It is antici-
pated that the volume of these wastes will be very low (approxi-
mately 5,000 to 10,000 gpd); after treatment the residual oxygen
demand will be very low and, hence, the river in the site vicinity
should have sufficient assimilative capacity to handle this small
increase in oxygen demand.

4. Concrete batch plant wastewater will be treated to meet appro-
priate permit limitations. The release of effluents meeting
these limitations should have no significant impact on the water
quality of the river in the site vicinity.

5. Chemical cleaning wastes from preoperational system cleaning will
be treated by sedimentation and chemical treatment as appropriate
to meet permit limitations. As discussed in Section A.3.3 of
Appendix A, levels of metals in the river in the site vicinity
are fairly low and, furthermore, the flow is quite substantial.
Therefore, the discharge of effluent meeting permit limitations
should have no significant impact on water quality.

6. Recyclable solid waste, such as scrap lumber and metals, will
be sold or set out for public salvage. Other solid wastes
generated during construction will be disposed of in a State-
approved landfill. Problem or hazardous waste generated during
construction will be handled in compliance with applicable solid
or hazardous waste management procedures.

Central Park Facilities Operation--To mitigate the operational impacts
identified in Section B.3.1.3 for the central park facilities, the following
measures will be implemented as an easement condition by the organization
responsible for the central park facilities:

1. Sanitary wastes (estimated at 10,000 to 30,000 gpd) will
receive the necessary treatment to meet applicable NPDES per-
mit limitations. Since the volume of this discharge will be
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low and since required treatment will remove 85 to 90 percent
of the oxygen-demanding pollutants from the effluent, the river
with its limited assimilative capacity should be capable of
assimilating this discharge.

2. Wastewater discharges from the backup and heat augmentation sys-
tems will be treated to meet applicable NPDES permit limitations.
Treatment of the waste streams (fly ash, bottom ash, cooling
tower blowdown, material storage runoff, metal cleaning wastes,
boiler blowdown, and scrubber and low-volume wastes) from the
two coal-fired units prior to discharge may include but not
necessarily be limited to sedimentation, neutralization, coagu-
lation, and precipitation. Based on the data summarized in
Section A.3.3 of Appendix A, the relatively small size of the
units, the intermittent operation of the units, and the volume
and characteristics of the heated discharges, the impact on sur-
face water quality from these units should not be significant.
Solid waste from the units (fly ash, bottom ash, wastewater
treatment sludges, and scrubber sludge) will be disposed of in
a manner designed to protect the quality of the ground water.
The ultimate design of the solid waste disposal systems will be
subject to review by regulatory agencies acting under the author-
ity of the Resource Conservation and Recovery Act (RCRA). Regu-
lations pursuant to this act have not been fully promulgated.
Office solid wastes will be disposed of in a State-approved
landfill. A Spill Prevention Control and Countermeasures (SPCC)
Plan will be prepared for each facility.

3. Stormwater runoff will be managed utilizing best management
practices as previously defined for park construction with
the necessary modifications for an operational facility.

4. Sludges from the treatment of potable and raw process water
will be managed in a manner to protect the ground water.
Sludge disposal areas will be lined if the characteristics of
the sludge present the potential for generating leachates
which could adversely impact the ground water.

Park Users--As discussed in Section B.3.1.3, only a few users are
being assessed for surface and ground water quality impacts in this
statement. Future studies and assessments will be conducted when a
specific user proposes to locate in the park. The following describes
the necessary mitigation for those users for which the impacts of their
operation can be identified at this time.

1. Greenhouses, Soil Warming, and Grain Drying

Protection of ground water from contamination by nutrients
from the recyclable nutrient solution holding lagoon (hydro-
ponic greenhouses.) will be accomplished by the lining of the
lagoon system. The soil warming operation will be conducted in
a manner to minimize excessive applications of nutrients by per-
forming soil tests to determine minimum nutrient requirements
for adequate plant growth. Solid waste generated by these users
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will be disposed of in a State-approved landfill. Fungicide and
pesticide drums, bags, and containers will be triple rinsed, with
the rinse water used as makeup water, and also disposed of in the
landfill. The management of solid waste will be in a manner
consistent with applicable regulations.

Fuel storage areas will be lined and diked to sufficiently
retain 110 percent of the capacity of the fuel tanks. SPCC
plans will be prepared for the plant site(s).

2. Aquacultural Facilities

EPA in 1974 proposed "Best Available Technology Economically
Achievable" (BATEA) effluent guidelines for existing facilities
and "New Source Performance Standards" for Fish Hatcheries and
Farms. 2 These guidelines and standards are listed in Table B.3-1.
TVA pilot-scale waste treatment studies 3 at the Gallatin Steam
Plant Catfish Project revealed that concentrations of oxygen-
consuming pollutants in the treated effluent were low and that
only concentrations of settleable solids and fecal coliform
bacteria exceeded the proposed guidelines and standards. It is
the opinion of TVA's technical staff that (1) sedimentation
(minimum detention time of 15 minutes) and disinfection along
with "good housekeeping practices," can result in a quality of
effluent which will comply with the proposed guidelines and
standards, and (2) the proposed guidelines and standards repre-
sent environmentally acceptable wastewater effluent limitations.
Therefore, aquaculture facilities at the heat park will be
required to meet the proposed standards listed in Table B.3-1
as a goal being that discharge of these levels will not result
in an adverse impact on the water quality of Chickamauga Reservoir.

The State. of Tennessee will be setting permit effluent limita-
tions on the aquaculture facilities. If the permit limitations
are less stringent than the proposed standards specified in
Table B.3-1, the proposed industry will conduct an evaluation
and make a determination of whether or not the more stringent
requirements should be followed.

Solid waste (including pesticide containers) will be managed
consistent with the procedure previously specified for green-
houses, soil warming, and grain drying. Sludge from the
wastewater treatment system, after stabilization, could be
utilized as fertilizer or soil conditioner.

3. Production of Concrete

Wastewater will be treated to meet NPDES new source permit
limitations; discharge of the treated wastewater will not
result in significant water quality impacts at the site. The
sediments collected in the impoundment are inert and do not
represent a threat to ground water. Solid waste will be dis-
posed of in a State-approved landfill.
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Table B.3-1

BATEA EFFLUENT LIMITATIONS GUIDELINES AND NEW SOURCE PERFORMANCE
STANDARDS PROPOSED BY EPA FOR FISH HATCHERIES AND FARMS

Maximum
Daily Maximum Daily Average Instantaneous

Suspended Solids 1.7 1.3
(lb/day/lO0 lb fish)

Setteable Solids <0.1 0.2
(ml/l)

Ammonia Nitrogen 0.12 0.09
(lb/day/100 lb fish)

Fecal Coliform Bacteria 200
(organisms/100 ml)

Source: Environmental Protection Agency, Development Document for Proposed
Effluent Limitations Guidelines and New Source Performance Standards
for Fish Hatcheries and Farms. 1974.
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B.4 HEALTH AND SAFETY

B.4.1 Noise

B.4.1.1 Construction and Operation Impacts

Temporary increases in nearby community sound levels will occur
from construction work and from motor vehicle traffic. Sound levels
will be highest during the ground clearing and earth moving phases and
will decrease when structural work begins. These construction noises
will be largely confined to the reservation although some construction
sounds will occasionally be audible offsite.

Noise sources will include earthmoving equipment, trucks, power
tools, and employee work vehicles. Significant amounts of rock drilling
and blasting are not anticipated. As a consequence, park construction
should have lesser offsite effect than construction at Watts Bar Nuclear
Plant had.

Operational noise will originate from truck deliveries, employee work
traffic, and processing equipment such as pumps, cooling and refrigerating
systems, blowers, fans, and dryers. None of the prospective processes are
inherently noisy. Although process sounds such as the ventilation for
grain drying will occasionally be audible at offsite locations, most opera-
tional sounds are controllable and will be confined to the park reservation.

B.4.1.2 Mitigative Measures

Although there are no local or federal noise regulations applicable
to the Watts Bar Waste Heat Park at this time, park users will be required
by deed provision to be in compliance with any future noise control regu-
lations. A maximum L of 65 dB or less at the park boundary is considered
to be acceptable at tfi~s time.

B.4.2 Radiological Considerations

B.4.2.1 Operation Impacts

Liquid Effluents--As noted in Section A.4.2.1 of Appendix A, the
manner in which the heated water is obtained for the waste heat park should
preclude the occurrence of radionuclides in water systems.

Gaseous Effluents--Impacts on the environment surrounding Watts Bar
Nuclear Plant (WBN) will not be altered by the presence of the waste heat
park. Gaseous effluents from WBN are not expected to impact signifi-
cantly any of the products from the waste heat park.

Other--Potential environmental radiological impacts from one year's
operation of a coal-fired heat augmentation boiler for the waste heat park
have been assessed. Two sources of radiological emissions were evaluated:
(1) particulate emissions from a stack with a release height of 100 meters
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and (2) fugitive dust emissions from a 30-day coal stockpile. Maximum
individual doses from stack releases are predicted to occur at 2,000 meters
in the NNE sector, where total body and bone doses are 0.8 and 1.3 mrem/yr,
respectively. At 500 meters in the NNE sector, total body and bone doses
due to fugitive dust emissions from the coal stockpile are 0.3 and 0.5
mrem/yr, respectively. Doses result from ingestion and inhalation of
radioactive particulates. Doses from radon emissions and external radia-
tion are negligible. Radionuclide concentrations in air at these exposure
locations are five orders of magnitude less than the 10 CFR Part 20 non-
occupational radionuclide air concentration limits used here as guidelines.

B.4.2.2 Radiological Impacts of Accidents

An evaluation has been conducted to assess the radiological impacts
associated with various accident scenarios to the personnel involved in
the construction and operation of the WBWHP. For these sectors the site
boundary distance has been substituted with the shortest distance between
the reactors and the inner perimeter of the waste heat park facility.
Meteorology consists of x/Q's for the following: eight-hour centerline
at the site boundary locations; eight-hour sector-average values at the
site boundary; and sixteen-hour sector-average values at downwind
distances.

Results of this assessment are presented in Table B.4-1. The
severity of the postulated accidents increases with the class number.
Although the potential severity is increased, it should be noted that the
probability of occurrence diminishes so that the environmental risk is
extremely small. The impacts of the evaluated class accidents are all
noted to be appreciably less than the limits specified in 10 CFR Section
20.3.

The principal pathways for potential effects from a transportation
accident involving irradiated fuel arise from increased direct radiation
levels and from gaseous releases of noble gases and iodines. The direct
external radiation dose rate to a person 100 feet away from the road at
the WBWHP would be less than I mrem per hour under accident conditions.
Doses from a gaseous release to a person at the WBWHP are expected to be
less than those evaluated for a person standing 50 feet from the cask
during the entire accident in the direction of the prevailing wind.
Such an individual was predicted to receive a wholebody dose of about 2
mrem, a skin dose of about 86 mrem, and a thyroid dose of about 5 rem. 2

In addition, the radiological impacts have been evaluated for an accident
involving a shipment of tritiated water. The release of the entire con-
tents of a 3,700-gallon container of tritiated water with a tritium con-
centration of 2.5 pCi/cm3 was predicted to result in a maximum dose of 260
mrem, 2 which is less than the annual dose limit to an individual of the
general public based on 10 CFR Part 203 criteria.

Should there be a fire at the Onsite Storage Low Level Radwaste
Facility involving one section of a storage module, resultant doses to WKP
personnel would be within the dose criteria given in 10 CFR Part 20.
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B.4.2.3 Mitigative Measures

Liquid and gaseous effluents from WBN are not expected to affect the
products from the waste heat park. Product sampling will be conducted to
confirm this expectation. Should this program reveal significant impacts
from WBN to these products, measures will be implemented to restrict the
production and use of the products as necessary.

B.4.3 Safety

B.4.3.1 Impacts

Several of the proposed park applications could involve workplace
health and safety hazards. The use of pesticides in greenhouses, soil-
warming areas, and aquaculture facilities could result in contamination
from accidental spills or runoff. Agricultural uses such as grain drying
and anaerobic digestion or industrial applications including soybean proc-
essing and distillation of industrial alcohol could present explosion
hazards.

B.4.3.2 Mitigation

All the industries locating at the waste heat park will be subject
to regulation by the Occupational Safety and Health Administration. To
minimize impacts from accidental pesticide releases, pesticide users will
follow applicable guidelines on storage, emergency planning, and recovery
operations. Safety precautions for industrial processes with explosion
potential will include prohibiting ignition sources nearby, using approved
electrical equipment and procedures, providing proper ventilation, and
establishing minimum distance requirements for locating those facilities.

As each potential user applies for park occupancy, TVA will evaluate
process details and corresponding health and safety hazards.

B.4 REFERENCES

1. U.S. Nuclear Regulatory Commission, "Preparation of Environmental
Reports for Nuclear Power Stations," Regulatory Guide 4.2,
July 1976.

2. Tennessee Valley Authority, Environmental Statement on the Watts
Bar Nuclear Plant Units 1 and 2, November 1972; Section 2.1 and
Appendix A.

3. Code of Federal Regulations, Title 10 Part 20, "Standards for
Protection Against Radiation."
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Table B.4-1

SUMMARY OF RADIOLOGICAL CONSEQUENCES OF POSTULATED ACCIDENTS AT SITE BOUNDARY,

LOCATIONS

Accident
Class

3.0

5.2

5.3

7.1

7.2

7.3

8.1

8.1

8.2

8.3

8.3

Event

Radwaste System Failure

Off Design Transients

Steam Generator Tube Rupt

Fuel Assembly Drop

Heavy Object Drop Onto
Fuel Rack

Fuel Cask Drop

Small Loca

Large Loca

Rod Ejection

Steamline Break - Small

Steamline Break - Large

Individual Total Body
Doses 2 (mrem)

25

0.2

ure 1.6

0.1

0.08

0.001

0.017

12

1.2

0.002

0.002

Fraction of
10CFR20 Guideline

3

0.051

0.0004

0.0032

0.0002

0.0001

0.000002

0.00003

0.023

0.0024

0.000004

0.000004

1. The site boundary is considered to be 1,200m with the following exceptions:
625m for the SSE sector; 640m for the S sector; 610m for the SSW sector;*
580 for the SW, W, and WNW sectors; and 670m for the WSW sector.

2. Total body doses are assumed to result from external gamma exposure.

3. The 10 CFR Part 20 limit for total-body exposure to an individual in the
general public is 500 mrem/yr.
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B.5 TERRESTRIAL ECOLOGY

B.5.1 Construction Impacts

The development of the proposed waste heat utilization facility
could eventually result in clearing or alteration of approximately 400
acres of terrestrial habitat, much of which was previously disturbed by
nuclear plant construction.

Removal or disruption of early successional, riparian, and wooded
areas would have an adverse impact on species dependent upon these
habitats for food and cover requirements. Some species, tolerant of
disturbance, would continue to inhabit the area, however, in reduced
numbers.

Most mobile organisms such as birds and larger mammals will vacate
the site during construction or disturbance. Because of the phenomena of
habitat-carrying capacity and territoriality in many species, most dis-
placed animals will perish unless they can find suitable underpopulated
habitats nearby. Host established populations exist at or near carrying
capacity of the habitat. An intrusion of additional animals would proba-
bly place the population above the carrying capacity, resulting in deple-
tion of food and cover and an eventual reduction of numbers. Less mobile
organisms would be destroyed onsite as the land is cleared and prepared
for construction.

Construction and development activities in the open field areas
would have maximal impact on resident species having small home ranges
and may adversely affect foraging habitat available to white-tail deer.
Depending upon the nature and type of waste heat development on the west-
ern portion of the site, construction of facilities could have an adverse
impact on the adjacent Tennessee Wildlife Resources Agency, Yellow Creek
Wildlife Management Area. Construction activities would produce noise
and disturbances adversely affecting both wildlife and users of the
management area. Migrant-wintering waterfowl and other wetlands wildlife
species may avoid the area during these activities. Large buildings or
facilities adjacent to the management area boundary would also create a
visual obstruction to management area users.

B.5.2 Operation Impacts

To the extent that operation of the facility produces noise and
visual disturbances to the area, wildlife and visitor use at the adjacent
Yellow Creek Wildlife Management Area could be affected.
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B.5.3 Mitigative Measures

A condition of the easement agreement between TVA and park management
will provide for the establishment of a buffer zone'of riparian vegetation
between the waste heat park and Yellow Creek to preserve existing habitats
and isolate the Yellow Creek Wildlife Management area from the waste heat
park.
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B.6 AQUATIC ECOLOGY

B.6.1 Construction-Associated Impacts

Construction of the proposed waste heat park will result in limited
instream construction activity and site runoff. Primary concerns would be
the introduction of large quantities of suspended solids and physical
habitat disruptions which could cause mortality to immobile benthic forms
(including endangered mussel species). Therefore, whenever instream con-
struction is anticipated, current specific information will be aquired to
assess impacts and prescribe appropriate mitigation. Likewise, discharge
of suspended solids will also be carefully evaluated. Isom1 and others
have identified the importance of continuing sediment accumulation as a
major factor in restricting the extent of suitable mussel habitat. The
fauna in this reach is represented by taxa which generally cannot tolerate
sediment-laden waters nor significant silt deposition over the substrate.

Regulatory evaluation of potential effects on aquatic organisms due
to the construction of water use facilities (including maintenance dredg-
ing) is the responsibility of the State of Tennessee and the U.S. Army
Corps of Engineers, with the concurrence of EPA, and would be performed
in accordance with Sections 401 and 404 of the Clean Water Act. Possible
instream construction activities were addressed to facilitate Section
10/404 permitting by the U.S. Army Corps of Engineers. This discussion
is included in the EIS as Appendix D. Such construction will also be sub-
ject to additional TVA review under section 26a of the TVA Act.

B.6.2 Operational Impacts

Agricultural Applications--Process wastewater from the hydroponic
greenhouses will contain nutrients (nitrogen and phosphorous) and sus-
pended solids, and may have a biological oxygen demand (BOD). As neces-
sary this water will be routed to evaporation lagoons which will have no
discharge and, therefore, no impact on the aquatic organisms inhabiting
Yellow Creek or the Tennessee River.

The condenser cooling water used for space heating in the hydroponic
and conventional greenhouses will be altered only as a result of the heat
exchange process. This will cause a slight concentration of total dis-
solved solids similar to the effect expected if the water had passed
through the cooling towers. This water will be routed back to the
cooling system and will not be discharged, except as eventual cooling
tower blowdown.

Waste heat used for soil warming will not involve contact with the
soil and will result in impacts as described for the space heating of
the hydroponic greenhouses. Irrigation and stormwater runoff will con-
tain nutrients, suspended solids, and dissolved solids. Implementation
of best engineering practices to control suspended solids and avoidance
of discharge to unique areas will preclude significant impact.
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Aguaculture Applications--The CCW will be directly used for raising
fish for commercial sale as described in Section 4.2. Wastewater from
this facility will contain suspended and settleable solids, nutrients
(nitrogen and phosphorous), fecal coliform bacteria and could have signi-
ficant chemical and biological oxygen demand before treatment.

Because the Watts Bar Dam tailwater area currently contains very low
concentrations of dissolved oxygen, waste streams from the park which would
further reduce the instream oxygen concentrations should not be released.
There has been a decline in the number of mussels per square meter in the
Watts Bar Dam tailwater (TVA 1980) and the periodic low dissolved oxygen
concentrations which occur in the river only aggravate the problem.
Restriction of the oxygen-demanding wastes is particularly important in
view of the endangered species. Applicants proposing to discharge oxygen-
demanding wastes will conduct studies as appropriate to determine the
quantity of oxygen-demanding waste which can be discharged without further
depression of instream dissolved oxygen concentrations. As appropriate,
subsequent studies may be required to evaluate effectiveness of treatment
to protect instream resources. This information will be used by TVA in
the evaluation of park applicants and will also be available for use by
appropriate regulatory agencies.

Assessment of the potential effects of chlorination of the discharge
from the aquaculture facility, as well as from any other applications, will
be addressed when individua'l design criteria and operational procedures are
proposed and when they are implemented.

A potential fishery impact resulting from operation of the WBWHP will
be the additional raw water intake of 1.9 m3 /s (30,000 gpm). Estimated
yearly larval fish entrainment for WBNP ranged from 0.5 to 1.5 percent
of the total transported population for the four years sampled. Average
total yearly entrainment for that period was I percent of the total trans-
ported population. These estimates were made based on an estimated makeup
water intake of 3.5 m3 /s (125 cfs). Operation of the Waste Heat Park would
have the potential to double this entrainment estimate, resulting in a
potential entrainment of 3 percent of the total transported population.
Analysis of the most recent samples collected at Watts Bar Nuclear Plant
indicated that 75 percent of the total transported population consisted of
Clupeids and 4.5 percent game species (Percichthyids, Centrarchids, and
Percids). TVA will continue to review data as it becomes available, and
will ensure the protection of fishery resources (including mussels).

Industrial Applications--Impacts that might be associated with instream
construction activities or with the discharge of oxygen-demanding wastes have
been discussed above. Other industrial effluent components are often product-
and company-dependent, and because no specific industrial applications have
been identified, specific waste stream characterization data is unavailable.
The potential for cumulative aquatic impacts compounds TVA's inability to
provide specific assessments at this time, and further accentuates the need
for future evaluation. Each application for operation within the waste
heat park will be reviewed by TVA to ensure that significant negative
impacts to aquatic organisms will not occur. Following its independent
review, TVA will cooperate with the State of Tennessee, the U.S. Army
Corps of Engineers, and the U.S. Environmental Protection Agency in an
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attempt to further ensure that park occupants are compatible with the
maintenance or enhancement of a balanced indigenous aquatic community and
with the fish and wildlife management goals of the citizenry of the
Tennessee Valley.

In the event of an accidental chemical spill, the extent of harm to
aquatic organisms would be dependent upon the nature and volume of the
spilled material, as well as the nature and expediency of cleanup proce-
dures. Development and implementation of a comprehensive SPCC Plan, in
accordance with Federal regulations will be required.

B.6.3 Mitigative Actions

When specific uses are identified, TVA will, assess plans for construc-
tion and operations under NEPA and TVA's implementing procedures, and if
necessary place conditions in easements to ensure protection of public
health and safety, the environment, and other interests of the United States.
Examples of the types of mitigative actions which may be necessary include
the following: Routing all stormwater runoff (construction and operational)
to a sedimentation pond or other appropriate treatment facility before dis-
charge; development of an Erosion and Sedimentation Control Plan (ESCP) for
the site, to include use of defined best management practices; insurance
that wastewaters are not discharged in the immediate vicinity of identifi-
ably unique or productive areas; relocating riverbed construction activities
to avoid productive or unique areas including the mussel areas discussed in
Section A.6; avoiding major instream construction activity (depending on the
nature and location) during the fishery spawning season, March to August;
discharging certain process wastewater to evaporation lagoons, which will
have no discharge; and development of a comprehensive SPCC plan to avoid
potential adverse spill impacts.

As raw water needs are anticipated and defined, TVA will review cur-
rent ecological, data and ensure installation as necessary of what is
determined necessary for the protection of fishery resources (including
mussels). Likewise TVA will ensure through a NEPA review that instream
activities are evaluated against current instream data, and designed to
minimize impacts to productive or unique areas.

All process wastewaters will be treated to comply with applicable
performance standards, as well as water quality criteria and/or levels
commensurate with assimilative capacity of the receiving water body. All
wastewater streams will be evaluated and appropriate conditions applied
to ensure that instream dissolved oxygen levels are not further depressed
and that waste stream components do not otherwise adversely impact the
propagation of aquatic life. Bioassay procedures and/or instream monitor-
ing may be required as appropriate (commensurate with potential impacts)
to facilitate assessments and subsequently design mitigative measures.
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B. 7 ENDANGERED OR THREATENED SPECIES

B.7.1 Construction Impacts

B.7.1.1 Aquatic Invertebrates and Fish

Construction of the waste heat park will result in some site runoff,
and limited instream activities. Primary concerns would be the introduc-
tion of large quantities of suspended solids and physical habitat disrup-
tions. Refer to Section B.6.1 for a more complete discussion.

B.7.1.2 Terrestrial Wildlife

If large trees found along Watts Bar Reservoir are left undisturbed,
loss of habitat for the bald eagle and osprey should be minimal. No sig-
nificant impacts to local gray bat, small-footed myotis, and Tennessee
cave salamander populations are expected during or following construction
activites.

Disruption of wetlands on the site will result in some loss of fora-
ging habitat for a variety of waterfowl species, e.g., the great-blue heron,
sandhill crane, and red-shouldered hawk. Alteration of hayfields, revege-
tated borrow areas, and brushy fields will result in habitat loss for local
populations of the marsh hawk, grasshopper sparrow, green anole, six-lined
racerunner, and northern pine snake. The continued existence of tracts
of these early successional habitats on the site during the construction
activities should reduce the detrimental impacts to these species.

If proper water quality control measures are used, there should be
no significant impacts to populations of the Cumberland turtle in Watts
Bar Reservoir.

B.7.2 Operation Impacts

Impacts similar to those listed for nonfishery resources in Section
B.6.2 could be expected for the endangered mussel species. As indicated,
particular attention will be paid to the potential effects of anticipated
discharges or instream activities on resident commercial and endangered
species of mussels.

Future bald eagle and osprey nesting activity in the area of the
project could be negatively impacted if local noise levels are too high.

B.7.3 Mitigative Measures

B.7.3.1 Aquatic Species

When specific activities are proposed for the waste heat park, they
will be reviewed by TVA under NEPA and TVA's inplementing procedures, and
if necessary, conditions will be placed in easements to ensure the protec-
tion of threatened or endangered species as specified in Section B.6.
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B.7.3.2 Terrestrial Species

A condition of the easement agreement between TVA and park management
will provide for the establishment of a buffer zone of riparian vegetation
between the waste heat park and Yellow Creek to preserve existing habitats
and isolate the Yellow Creek Wildlife Management area from the waste heat
park.

B.7.4 Conclusions

Based on the information presented in Section A.7 and the mitigative
measures proposed in Sections B.7.3.1 and B.7.3.2, the development of the
proposed Watts Bar Waste Heat Park should not jeopardize the continued
existence of any Federally proposed or listed endangered or threatened
species nor inhibit opportunities for the recovery of such forms at the
regional or national level.
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B.8 LAND USE

B.8.1 Local Impacts

The land use changes proposed are consistent with the Rhea County
land use plan and therefore the only consequences will be the potential
preclusion, relocation, or greater controls of other uses considered for
the reservation. Considering current plans, the location of a waste heat
park at this site will allow TVA to maximize the land use potential of
this property.

B.8.2 Recreation Impacts

There are no existing or proposed recreational facilities located
within the confines of the proposed waste heat industrial park. Therefore,
there will be no direct construction impacts on recreational facilities.
Potential effects on recreational hunting at Yellow Creek Wildlife Management
Area are discussed in Section B.5.

There will be no foreseen recreational impacts requiring mitigative
measures (see Section B.5).

B.8.3 Mitigative Measures

None are required (see Section B.5).
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B.9 SOCIOECONOMICS

Development of the waste heat park will result in the employment of
people to construct the facilities, operate the greenhouse and aquaculture
facilities, and fill the new manufacturing jobs. Possible impacts asso-
ciated with the development of the waste heat park are discussed in the
following sections.

B.9.1 Construction Impacts

The construction manpower required to lay the pipes and build the
infrastructure and buildings will be temporary employment and will occur
in stages. The peak employment for park development will be about 200
workers. Individual industry construction may require more. The skills
needed in these jobs are available in the local labor force and therefore
no population increase caused by inmoving workers are expected. The
availability of labor is illustrated by the fact that approximately 70
percent of the peak construction work force of 3400 (2400 workers) at the
Watts Bar Nuclear Plant was within commuting distance according to TVA
construction employee surveys. In addition, employment at the plant is
declining. Therefore, it is reasonable to assume that the significantly
smaller labor requirements for the waste heat park could be filled locally
and that the number of inmoving workers would be insignificant.

B.9.2 Operation Impacts

Operation of the greenhouse and aquaculture facilities is expected
to employ 500 to 800 people in field project development. The majority of
skills necessary to carry out these jobs are available locally and there-
fore little population increase caused by inmoving workers is expected.
The industrial component of the park is estimated to employ from 300-500
persons under full development conditions. These estimates are based. on
typical employment levels associated with the most likely candidate waste
heat users. Skills associated with the potential waste heat park indus-
tries are available locally or within reasonable commuting range. The
wage rates for these jobs are generally equal to or greater than those
found in the labor shed around Watts Bar. As a result few inmovers are
expected to fill jobs created by new manufacturing opportunities associated
with the park.

B.9.3 Mitigative Measures

If large numbers of inmover workers were required, additional burdens
on schools, roads, and public utilities could result. However, since most
of the jobs needed to construct and operate the park are expected to be
filled by local residents or commuters, no stress on community support
facilities is anticipated. Further, as a result of the Watts Bar Nuclear
Plant construction, the local economy was stimulated by the creation of
new jobs and the influx of construction workers associated with the proj-
ect. At peak construction in 1977, the total population influx (workers
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and dependents) in the nearby counties resulting from nuclear plant con-
struction totaled approximately 2700 persons. Any influx associated with
the waste heat park would be significantly less than that for the nuclear
plant. Growth in the housing industry and expansion of local services
have been adequate to accommodate the population influx associated with
construction of the nuclear plant. The construction work force at the
nuclear plant is declining and, as a result, there are sufficient community
services and facilities to accommodate the smaller work force projected
for the waste heat park.
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B.10 AESTHETICS

B.10.1 Construction Impacts

Activities associated with land preparation and construction of pro-
ject facilities will create highly evident visual effects, but as noted
in Section A.10 of Appendix A, the site is within an existing industrial
landscape. Thus, construction-related aesthetic impacts should not repre-
sent significant adverse aesthetic impacts to visitors, boaters, motorists,
or others who view the site.

B.10.2 Operation Impacts

The design of the industrial structures and associated landscaping
will determine the primary aesthetic impact from operation of the project.
As noted in Section A.10 of Appendix A, the site is within an existing
industrial landscape and its development should not represent an adverse
visual impact. (Odor and noise considerations are discussed in Sections B.2
and B.4.)

B.10.3 Mitisative Measures

The overall plant layout is located on a river terrace overlooking
Chickamauga Lake and surrounded by steep, wooded slopes which already
offer some degree of visual screening. Proper landscaping and facility
design should combine to provide adequate mitigative measures with
respect to visual aesthetic concerns.
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B.I1 CULTURAL RESOURCES

B.11.1 Impacts

One cultural resource, archaeological site 40RH64, has been
determined by both GAI Consultants, Inc., and TVA to be eligible for the
National Register of Historic Places. No site alteration activities are
currently planned which would impact this resource.

B.11.2 Mitigation

TVA will submit eligibility determination data for 40RH64 to the
Tennessee State Historic Preservation Officer. In accordance with proce-
dures in 36 CFR Part 800, TVA will either avoid adverse impacts on the
site through preservation or develop and implement a research design for
excavation which will satisfactorily mitigate any adverse impact on the
site by project construction or operation. Any mitigation plan would be
conducted under a memorandum of agreement between TVA and the Advisory
Council on Historic Preservation with the concurrence of the Tennessee
State Historic Preservation Officer.
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B.12 FLOODPLAINS AND WETLANDS

B.12.1 Construction and Operation Impacts - Floodplains

No construction of permanent structures will be permitted below the
1-percent-chance flood elevation (697'), and none where flood damage would
be significant or impact TVA reservoir operations below the TVA structure
profile elevation. The only facilities to be placed within the 1-percent-
chance floodplain (base floodplain) are the open-field soil warming area,
aquaculture retention ponds, and necessary support facilities such as roads,
parking areas, and utilities, none of which are critical actions for which
flood risks must be kept to a minimum nor are incompatible with TVA restric-
tions for reservoir shoreline development as required for effective opera-
tion of the reservoir system. Erosion may be temporarily increased during
the construction of these facilities and during cultivation of the soil-
warming plot, but since much of these areas have been extensively disturbed
for borrow material for the nuclear plant, these uses may provide a sta-
bilizing effect over the long term. Some fill material may be placed in
the floodplains during site grading. Risk of flooding upstream on Yellow
Creek is not expected to be increased due to the construction of dikes for
the retention ponds because the dikes will be less than I m (3 ft) high.
Existing floodplain values such as natural, cultural, or water resources
are not expected to be significantly altered. Some floodplain values may
be restored or enhanced by the reclamation of previously disturbed borrow
areas. Cultivated resource values will be enhanced by the aquacultural
and agricultural uses.

Storm runoff from the three intermittent drainageways that flow
through the site will be controlled by site grading and will present no
flooding hazard to the park facilities. Development of noncritical actions
within the base floodplain allows the utilization of land which has been
removed from production or land which is under other restrictions such
as transmission rights-of-way.

B.12.2 Mitigative Measures - Floodplains

B.12.2.i Alternatives to Floodplain Development

No Action--Restricting all development to elevations above the base
floodplain or the TVA structure profile would preclude much of the park
site from being developed. For an adequate demonstration of a large-scale,
multiple-use complex, additional land outside the reservation boundary
would have to be acquired. This would remove the waste heat park from the
source of waste heat and would result in the following: additional impacts
to land presently in agricultural production; increased pumping of waste
heat water to supplement the gravity flow now planned; additional thermal
losses of waste heat due to longer transmission; and additional costs for
piping, land acquisition, and site preparation in steeper terrain. The no-
action alternative would essentially remove all the benefits of the demon-
stration of waste heat utilization at this site and is not deemed practical.
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Alternative Sites--Because a waste heat park must be near the
source of waste heat, alternative sites are limited to areas adjacent to
generating plants, all of which would have floodplain impacts similar to
those at Watts Bar. Because of other conditions identified in Section 2.2,
these alternatives were eliminated from consideration as impractical for
the initial large-scale waste heat park demonstration.

Because no other practicable alternatives exist and because impacts
to the floodplain and to facilities from this type of development will
be minimal, the construction of the proposed soil warming area and aqua-
culture retention facilities within the base floodplain is acceptable.

B.12.2.2 Other Mitigation

Impacts to the 1-percent-chance floodplain (base floodplain) will be
avoided or adjusted to by (1) reducing the hazard and the risk of flood
loss, (2) minimizing the impact of floods on human safety, health, and
welfare, and (3) restoring and preserving the natural and beneficial flood-
plain values when practical. For those activities for which a 1-percent
chance of flooding would be too great (critical action), location of
facilities will be above the TVA structure profile.

The use of resources and the construction of facilities and struc-
tures will be consistent with the flood hazard involved. Because none
of the activities proposed for the base floodplain constitute critical
actions, other mitigative measures which can be considered include
structure elevation or protection; planting crops or cover vegetation on
soil-warming areas and pond dikes; and planning and conducting park con-
struction activities to minimize land erosion, siltation, and river tur-
bidity. Normal site grading will protect park structures and facilities
from storm runoff from the three existing intermittent drainageways.
Construction will be in accordance with the standards and criteria of the
National Flood Insurance Program and TVA restrictions for reservoir shore-
line development as required for the effective operation of the reservoir
system.

B.12.3 Construction and Operation Impacts - Wetlands

Siting and construction of specific facilities will be evaluated
when proposed to assure they are consistent with TVA policy on protection
of wetlands. Wetlands identified on the site will be avoided in the loca-
tion of structures and facilities, fill, or drainage systems. Other site
locations are deemed impractical based on the considerations outlined
above for floodplain siting.

B.12.4 Mitigative Measures - Wetlands

Mitigative measures to protect wetlands on the site will be commen-
surate with the significance of the wetland identified, and could include
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leaving or establishing a wooded buffer strip around wetlands of major
importance. If, in the evaluation of specific development proposals, it
should be determined that no practicable alternative exists to wetlands
alteration, appropriate measures to minimize harm to affected wetlands
would be consistent with TVA's policy on wetland protection.
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TABLE C-1

WATTS BAR DAM •DI'HLY DISCHARGES

Calendar Monthly and Yearly Discharges in Cubic Feet Per Second

Year Jan. Feb. Mar. Ail JyJune u u. Sept. Oct. NoV. Dec. Year

1945 30,431 36,996 36,81o 22,560 21,702 2o,464 20,299 23,197 22,647 19,486 17,893 1#5,7oo 26,515

46 T1,496 61,953 28,402 15,231 17,830 17,260 20,326 22,899 22,799 24,569 23,880 24,487 29,096

47 63,749 34,364 27,826 19,340 20,038 16,043 14,926 15,884 16,647 15,822 20,386 23,554 24,036

48 22,510 47,317 32,524 22,758 20,605 20,692 16,631 17,767 20,185 20,442 24,826 51,009 26,372

49 59,784 38,539 25,675 19,937 19,442 18,057 29,773 31,002 33,167 31,467 39,817 52,922 33,302

1950 51,490 96,920 37,546 23,267 20,545 19,667 17,842 22,133 24,205 30,844 32,633 38,589 34,235

51 31,759 42,287 35,408 24,4OO 21,650 20,660 17,730 22,050 20,860 23,490 20,310 56,790 28,073

52 38,460 37,890 35,760 19,050 14,160 16,940 18,620 16,970 16,320 17,910 14,780 22,990 22,466

53 24,980 42,010 32,250 21,960 19,040 22,400 19,170 21,420 16,720 14,810 14,830 17,830 22,161

54 43,790 22,860 25,590 16,810 17,120 19,o60 20,550 18,460 15,890 12,200 13,750 19,410 20,481

1955 26,810 23,830 44,84o0 19,560 19,350 21,980 21,870 25,090 21,890 -19,930 20,350 19,650 23,792

56 15,180 43,820 34,900 24,230 18,580 18,050 19,500 _.22,230 24,310 22,660 25,030 29,550 24,750

57 35,700 105,190 31,390 24,960 22,610 21,030 18,2140 20,970 21,220 26,290 48,830 64,980 36,306

58 36,550 33,920 22,920 19,300 40,810 32,700 21,290 27,620 29,090 28,34o 23,070 18,11o 27,780

c) 59 26,130 21,810 21,74o 13,200 14,490 15,540 17,920 18,560 20,530 31,480 34,050 49,090 23,760

1960 35,830 31,630 28,570 20,890 15,970 20,890 18,930 22,200 33,31o 24,670 26,050 23,320 25,154

61 21,884 29,943 49,026 18,797 20,032 20,243 26,239 30,787 29,947 26,729 25,020 54,832 29,518

62 53,988 61,807 66,448 29,836 25,616 22,117 26,077 21,194 20,44o 22,800 26,273 29,6oo 33,720

63 24,9o6 27,504 75,623 22,490 17,746 15,630 15,100 20,390 23,263 23,371 18,713 19,097 25,360

64 23,258 24,438 36,274 26,854 23,868 25,170 18,752 19,329 22,550 27,655 34,953 38,290 26,790

1965 38,464 28,929 34,684 30,473 21,845 17,050 24,145 26,848 23,510 25,013 26,550 19,877 26,450

66 17,332 28,272 18,735 12,637 15,113 17,203 19,306 31,935 25,117 20,971 30,510 40,955 23,150

67 32,355 30,050 39,881 11,803 11,061 25;283 32,820 32,845 36,917 34,019 35,903 61,971 32,140

68 60,929 25,786 14,997 9,307 10,335 23,350 28,297 31,416 10,070 19,177 22,950 20,758 23,180

69 19,650 37,320 16,920 10,650 15,660 20,070 22,390 20,670 17,930 21,490 24,040 28,580 21,180

1970 4o,000 30,i80 2-1,550 20,820 18,300 18,570 22,680 25,600 22,880 15,520 23,300 20,390 23,280

71 24,460 39,300 25,990 13,450 25,830 27,080 21,290 29,580 24,280 27,000 37,000 41,320 27,990

72 55,970 41,530 34,750 21,020 28,400 .27,550 26,970 29,510 26,360 31,860 41,840 78,240 37,060

73 47,910 40,170 55,720 27,730 48,940 45,230 28,590 33,400 25,460 20,860 30,320 51,690 38,040

74 103,370 74,260 41,230 38,990 31,160 30,660 30,300 31,980 25,900 24,730 25,200 33,560 40,790

1975 49,460 62,900 69,980 48,980 28,090 31,750 32,760 28,670 20,530 18,300 27,300 27,370 37,020

76 36,620 28,280 21,930 14,480 14,470 23,390 26,640 29,340 21,900 25,300 25,430 34,240 25,190

77 34,590 20,100 22,590 48,560 25,570 27,130 25,330 22,650 22,630 25,680 47,670 63,750 32,188

78 53,110 40,750 28,090 17,440 15,450 21,210 22,790 29,510 24,850 13,790 13,450 21,210 25,670

Average 39,790 40,970 34,600 22,110 21,220 22,360 22,470 24,830 23,070 23,190 26,970 36,780 27,370

TABLE C-l 

WAT'm BAR DAM Kll'l'l'HLY DISC1fARGES 

Calendar MODtb!l and Year!.r Discharges in Cubic Feet Pu Second 

-.:illL :!!a. ~. !!!!: . AprU !!!l JWle ~ !!:!S. ~. ~. !2!. ....!!!s. !!!!: 
~9~5 30,431- 36,996 36,810 22,560 2l.,702 20,464 20,299 23,197 22,647 19,486 17,893 45,700 26,515 

46 71,496 61.953 28,402 15,231 ~7,830 ~7,260 20.326 22,899 22,799 24,569 23,880 ?4,487 29,096 
47 63,749 34,364 27,826 19,3ljO 20,038 16,043 14,926 15,884 16,641 15,822 20,386 23,554 24,036 
48 22,510 47,317 32,524 22,758 20,605 20,692 ~6,631 17,767 20,185 20,"2 24,826 51,009 26,372 
49 59,784 38,539 25,675 19,937 19,442 18,057 29,773 31,002 33,167 31,467 39,817 52,922 33,302 

1950 51,490 96,920 37,546 23,267 20,545 19,667 17,842 22,133 24,205 3O,~ 32,633 38,569 34.235 
51 31,759 42,287 35,408 24,400 21,650 20,660 17,730 22,050 20,860 23,490 20,310 56,790 28,073 
52 38,460 37,890 35,760 19,050 14,160 16,940 18,620 16,970 16,320 17,910 14,780 22,990 22,466 
53 24,C)80 42,010 32,250 21,960 19,040 22,400 19,110 21,420 16,720 14,810 14,830 17,830 22,161 
54 43,790 22,860 25,590 16,810 17,120 19,060 20,550 18,460 15,890 12,200 13,750 19,410 20,481 

~955 26.810 23,830 ".840 19,560 19.350 21,980 21,870 25,090 21,890 '19,930 20,350 19.650 23,792 
56 15,180 43,820 34,900 24.230 18,580 18,050 19.500 22,230 24,310 22,660 25.030 29,550 24,750 
57 35,700 105.190 31,390 24.960 22,610 21,030 18.240 20,970 21,220 26.290 48,830 64,980 36,306 
58 36.550 33,920 22.920 19,300 40,810 32,700 21.290 27,620 29,090 28,340 23,070 l.8,llO 27,780 

("') 59 26,130 21,810 21,740 13,200 14,490 15.540 17,920 18,560 20,530 31,480 34,050 49,090 23,760 
I 

1960 35,830 31,630 28.570 20,890 15,970 20.890 18.930 22,200 33,340 24,670 26,050 23,320 25.154 ..... 
61 2l.,884 29.943 49.026 18,797 20,032 20,243 26.239 30,787 29.947 26.729 25,020 54.832 29.518 
62 53.988 61,807 66,448 29,836 25,616 22,1l7 26,077 2l,194 20,440 22,800 26,273 29,600 33,720 
6) 24,906 27,504 75,623 22,490 17.748 15,6)C 15,100 20,390 23,263 23,371 18,713 19,097 25,)60 
64 23,258 24,438 36,274 26,85~ 23,868 25,170 18,752 19,329 22,550 27,655 34,953 38,290 26,790 

1965 38,464 28,929 34,684 30,473 2l.,845 17,050 24,145 26,848 23.510 25,013 26,550 19.877 26,450 
66 17,332 28,272 18.735 12,637 15,113 17,203 19,306 31,935 25.117 20,971 30,510 40.955 23,150 
67 32,355 30,050 39,881 1l,eC3 11,061 25;283 32.820 32,845 36,917 34,019 35,903 61.971 32,140 
68 60,929 25,786 14,997 9,307 10,335 23,350 28,297 31,416 10,070 19,177 22,950 20,758 23,180 
69 19,650 37,320 16,920 10,650 15,660 20,070 22,390 20,670 17,930 21,490 24,040 28,580 21,180 

1970 ljO,OOO 30,180 2l.,550 20,820 18,300 18,570 22,680 25,600 22,880 15,520 23,300 20,390 23,280 
71 24,460 39,300 25,990 13,450 25,830 27,080 21,290 29,580 24,280 27,000 37,000 41,320 27,990 
72 55,970 41,530 34,750 21,020 28,400 27,550 26,970 29,510 26,360 31,860 41,840 78.240 37,060 
73 47,910 40,170 55.720 27,730 48,940 45,230 28,590 33,400 25,460 20,860 30,320 51,690 38,040 
74 103,370 74,260 41,230 38,990 31,160 30,660 30,300 31-,980 25,900 24,730 25,200 33,560 40,790 

1975 49,460 62,900 69,980 48,980 28,090 31,750 32,760 28.670 20,530 18,300 27,)00 27,370 31,020 
76 36,620 28,280 21,930 14,480 14,470 23,390 26,640 29,340 21,900 25,300 25,430 )4,240 25,190 
77 34,590 20,100 22,590 48,560 25,570 27,130 25,330 22,650 22,630 25,680 47,670 6g,750 32,188 
78 53,1l0 40,750 28,090 17,440 15,450 21,210 22,790 29.510 24,850 13,790 13,450 2 ,2l.0 25,670 

Average 39,790 40,970 34.600 22,110 21,220 22,360 22,470 24,830 23,070 23,190 26,970 36,780 27,370 



TABLE C-2

CHICXAM&UGA DAM MONTHY DISCNA1R8

Calendar
Year

1945
146
47
48
49

.1950
51
52
53
54

1955
56
57
58
59

1 1960
61
62
63
64

1965
66
67
68
69

1970
71
72
73
74

1975
76
77
78

Average

Monthly aM Yearly Discharge in Cubic Feet Per Second
. -- °
Jan.

35,910
91,305
86,972
27,793
80,699

67,335
40,575
51,010
34,170
6o,46o

34,600
19,350
42,910
43,940
31,970

42,230
27,765
64,919
31,761
33,303

45,909
21,661
40,142
74,025
26,570

48,870
32,400
70,490
57,740

121,500

58,200
46,500
41,190
64,990

49,980

,e_.

47,332
81,533
44,371
63,444
53,057

112,1480
55,625
48,280
55,360
29,100

34,62o
59i300

123,620
42,14o
27,790

4o,76o
42,335
76,186
34,693
34,438

38,014
37,654
38,589
31,348
51,250

36,820
51,270
48,780
49,160
90,580

74,290
36,300
23,370
46,670

51,870

Mar.

42,814
37,207
36,868
43,190
34,446

52,611
48,904
51,670
41,98o
33,070

53,290
44,420
37,880
32,410
27,100

38,000
62,919
76,816
92,439
52,036

49,206
25,352
45,855
21,216
22,610

26,480
34,420
42,63o
73,050
48,620

80,870
26,750
30,020
34,250

44,160

23,399
21,326
21, 479
27,916
25,915

28,631
33,030
23,310
23,400
19,240

26,830
29,850
32,4W0
24,230
18,470

22,710
22,460
37,220
23,887
42,370

36,584
13,o67
12,063
11,383
13,020

25,450
i5,650
23,770
32,980
44,760

57,000
18,440
56,950
17,870

26,680

June JulyAug. Sept. oct. Nov. De.

29,864
29,493
25,469
25,821
28,270

26,414
27,050
19,720
27,620
22,300

25,670
23,810
29,450
50,060
18,560

20,140
25,306
30,929
25,461
34,500

27,871
21,513
17,039
14,855
20,010

21,350
29,400
34,340
56,870
35,960

32,780
19,100
29,400
20,700

27,270

24,596
24,664
21,730
24,492
23,563

27,0o0
26,790
23,590
26,360
24,570

28,830
22,440
28,750
38,440
19,540

25,120
27,333
28,743
20,670
31,613

22,607
20,483
31,900
27,557
24,290

22,530
29,650
32,060
54,230
34,990

35,350
29,980
30,430
24,960

27,630

24,706
25,965
20,026
20,864
4o0,231

25,710
23,880
23,880
24,210
24,210

28,540
24,680
24,060
28,710
23,120

22,750
33,371
31,203
23,003
25,616

28,732
22,945
46,000
32,265
26,320

26,850
26,160
31,060
35,339
35,370

36,380
34,o8o
28,800
25,140

28,060

27,648
29,067
21,419
23,301
38,116

30,230
27,130
23,310
25,650
22,900

31,620
27,530
25,570
32,710
22,520

27,920
37,016
26,503
25,619
26,084

30,465
36,148
41,942
34,655
25,080

28,890
35,640
33,800
39,050
36,110

31,730
33,340
26,150
33,790

29,960

27,713
31,032
21,900
25,459
41,257

35,843
26,69o
20,950
21,430
19,390

24,790
28,710
30,520
34,470
24,970

38,810
34,853
23,090
26,100
27,850

27,383
30,153
43,123
12,583
22,750

26,870
28,450
29,260
30,110
28,800

26,110
24,980
29,880
27,990

28,070

24,813
30,677
19,642
25,643
41,347

38,6o8
28,960
23,600
18,010
15,580

25,710
26,730
34,320
34,1480
36,130

31,400
32,890
27,529
27,877
35,500

30,287
29,452
4o,5o6
24,323
27,580

21,230
32,410
37,390
26,750
28,190

26,110
29,700
33,000
17,470

28,94o0

22,781
30,727
25,773
36,240
51,492

39,357
28,920
19,260
18,210
17,000

26,100
29,830
65, 470
28,680
38,670

32,950
30,707
32,490
23,357
41,520

31,84o
39,577
47,484
28,040
29,780

29,160
41,410
147,800
37,830
29,550

35,120
29,810
59,020
16,450

33,600

56,087
32,099
28,777
69,581
64,987

49,299
71,970
28,780
23,070
24,230

25,720
36,670
74,740
22,0o40
58,600

29,8o40
71,539
34,248
23,539
47,600

23,548
48,078
79,319
25,713
34,300

25,860
49,380
91,480
64,760
38,400

35,790
40,100
72,470
32,070

44,195

Year

32,305
38,536
31,187
34,360
43,630

44,030
36,555
29,768
28,131
26,045

30,534
30,993
45,247
34,327
29,001

31,014
37,427
40,640
31,60O
36,O40

32,700
28,800
4o0,420
28,240
26,810

28,320
33,770
43,660
46,550
47,530

43,960
30,780
38,390
30,150

35,O4O

TABLE C-2 

CHICKAMAUGA DAM MOIITIILY DISCJIAl(lE8 

Ca1eadar Moothll and Year!l Dischsrse 10 Cubic Feet Per Second 
~. ~. !!!. !!!!:. April !!!l ~ July !!!s. Sept. 2£!. !!!:! . Dec. !!!! 

19'15 35,910 41,332 42,814 23,399 29,864 24,596 24,706 21,648 21,n3 24,813 22,781 56,087 32,305 
46 91,305 81,533 31,m 21,326 29,493 24,664 25,965 29,067 31,032 30,677 30,727 32,099 38,536 
47 86,972 44,371 36,868 21,479 25,469 21,730 20,026 21,419 21,900 19,642 25,m 28,m 31,187 
48 27,793 63,444 43,190 27,916 25,821 24,492 20,864 23,301 25,459 25,643 36,240 69,581 34,360 
49 80,699 53,057 34,446 25,915 28,270 2),563 40,231 38,116 41,257 41,347 51,492 64,987 43,630 

1950 67,335 112,480 52,611 28,631 26,414 27,000 25,710 30,230 35,843 38,608 39,351 49,299 44,030 
51 40,575 55,625 48,904 33,030 27,050 26,790 23,880 27,130 26,690 28,960 28,920 71,970 36,555 
52 51,010 48,280 51,670 23,310 19,720 23,590 23,880 23,310 20,950 23,600 19,260 28,780 29,768 
53 34,170 55,360 41,980 23,400 27,620 26,360 24,210 25,650 21,430 18,010 18,210 23,070 28,131 
54 60,460 29,100 33,070 19,240 22,300 24,570 24,210 22,900 19,390 15,580 17,000 211,230· 26,045 

1955 34,600 34,620 53,290 26,830 25,670 28,830 28,540 31,620 24,790 ; 25,710 26,100 25,720 30,534 
56 19,350 59;300 44,1120 29,850 23,810 22,440 24,680 _- 27,530 28,710 26,730 29,830 36,670 30,993 
57 42,910 123,620 37,880 32,480 29,450 28,750 24,060 25,570 30,520 34,320 65,1170 74,740 45,247 
58 43,940 42,140 32,1110 24,230 50,060 38,440 28,710 32,710 34,470 34,480 28,680 22,040 311,327 

n 59 31,970 27,790 27,100 18,470 18,560 19,540 23,120 22,520 24,970 36,130 38,670 58,600 29,001 
I 

42,230 40,760 38,000 20,140 38,810 31,400 29,840 31,014 N 1960 22,710 25,120 22,750 27,920 32,950 
61 27,765 42,335 62,919 22,460 25,306 27,333 33,371 37,016 34,853 32,890 30,707 71,539 37,427 
62 64,919 76,186 76,816 37,220 30,929 28,743 31,203 26,503 23,090 27 ,529 32,490 34,248 40,640 
63 31,761 34,693 92,439 23,887 25,461 20,670 23,003 25,619 26,100 27,877 23,357 23,539 31,600 
64 33,303 34,438 52,036 42,370 34,500 31,613 25,616 26,084 27,850 35,500 41,520 117,600 . 36,040 

1965 45,909 38,014 49,206 36,584 27,871 22,607 28,732 30,465 27,383 30,287 31,840 23,546 32,700 
66 21,661 37,654 25,352 13,067 21,513 20,483 22,945 36,148 30,153 29,452 39,577 48,078 28,800 
67 40,142 38,589 4,,855 12,063 17,039 31,900 46,000 41,942 43,123 40,506 47,484 79,319 40,420 
68 74,025 31,346 21,216 11,383 14,855 27,557 32,265 34,655 12,583 24,323 28,040 25,713 28,240 
09 26,570 51,250 22,610 13,020 20,010 24,290 26,320 25,080 22,750 27,580 29,780 34,300 26,810 

1970 48,870 36,820 26,480 25,450 21,350 22,530 26,850 28,890 26,870 21,230 29,160 25,860 28,320 
71 32,400 51,270 311,420 15,650 29,400 29,650 26,160 35,640 28,450 32,410 41,410 49,380 33,770 
12 70,490 48,780 42,630 23,770 34,340 32,060 31,060 33,800 29,260 37,390 47,800 91,480 43,660 
73 57,740 49,160 73,050 32,980 56,870 54,230 35,330 39,050 30,110 26,750 37,830 64,760 46,550 
74 121,500 90,580 48,620 44,760 35,960 34,990 35,370 36,110 28,800 28,190 29,550 38,400 47,530 

1975 58,200 7~,290 80,870 57,000 32,780 35,350 36.380 31,730 26,110 26,llO 35,120 35,790 43,960 
76 46,500 36,300 ·26,750 18,440 19,100 29,980 34,080 33,340 24,980 29,700 29,810 40,100 30,780 
77 41,190 23.370 30,020 56,950 29,400 30,430 28,800 26,150 29,880 33,000 59,020 72,470 38,390 
78 64,990 46,670 34,250 17,870 20,700 24,960 25,140 33,790 27,990 17,470 16,450 32,070 30,150 

Averaae 49,980 51;870 44,160 26,680 27,270 27,630 28,060 29,960 28,070 28,940 33,600 44,195 35,040 



Table C-3

AVERAGE AND DAILY
WATTS BAR DAM
MAXIMUM AND MINIMUM FLOWS (cfs)

1945 - 1978

Year

1945
46
47
48
49

1950
51
52
53
54

1955
56
57
58
59

1960
61
62
63
64

1965
66
67
68
69

1970
71
72
73
74

1975
76
77
78

Average Flow

26,515
29,096
24,036
26,372
33,302

34,235
28,073
22,466
22,161
20,481

23,792
24,750
36,306
27,760
43,100

25,154
29,518
33,720
25,360
26,790

26,450
23,150
32,140
23,180
21,180

23,280
27,990
37,060
38,040
40,790

37,020
25,190
32,240
25,670

Maximn Day MlirmL Da
81,818

139,008
113,870
175,396
109,722

144,907
107,300
76,100
65,500

120,900

95,900
97,700

156,600
68,600
23,760

46,300
136,000
131.600
161,300
73,500

123,900
72,000

105,800
96,000

157,200

133,500
59,900

135,600
180,400
142,700

135,800
45,400

161,200
79,500

5,238
0

469
1,979
3,162

600
6,400
5,900

700
600

300
2,500
7,100
2,200

0

3,600
5,900
5,500

100
1,100

5,700
0

1,900
1,300

0

3,200
2,000
7,600
7,700

10,300

5,500
6,300
9,900
7,500

C-3

Year 

1945 
46 
47 
48 
49 

1950 
51 
52 
53 
54 

1955 
56 
57 
58 
59 

1960 
61 
62 
63 
64 

1965 
66 
67 
68 
69 

1970 
71 
72 
73 
74 

1975 
76 
77 
78 

Table C-3 

WATTS BAR DAM 
AVERAGE AND DAILY MAXIMUM AND MINIMUM FLOWS (cfs) 

1945 - 1978 

Average Flow Maxinun Dal Minim..m Dal 

26,515 81,818 5,238 
29,096 139,008 0 
24,036 113,870 469 
26,372 175,396 1,979 
33,302 109,722 3,162 

34,235 144,907 600 
28,073 107,300 6,400 
22,466 76,100 5,900 
22,161 65,500 700 
20,481 120,900 600 

23,792 95,900 300 
24,750 97,700 2,500 
36,306 156,600 7,100 
27,760 68,600 2,200 
43,100 23,760 0 

25,154 46,300 3,600 
29,518 136,000 5,900 
33,720 131.600 5,500 
25,360 161,300 100 
26,790 73,500 1,100 

26,450 123,900 5,700 
23,150 72,000 0 
32,140 105,800 1,900 
23,180 96,000 1,300 
21,180 157,200 0 

23,280 133,500 3,200 
27,990 59,900 2,000 
37,060 135,600 7,600 
38,040 180,400 7,700 
40,790 142,700 10,300 

37,020 135,800 5,500 
25,190 45,400 6,300 
32,240 161,200 9,900 
25,670 79,500 7,500 

C-3 



Table C-4

Year

1945
46
47
48
49

1950
51
52
53
54

1955
56
57
58
59

1960
61
62
63
64

1965
66
67
68
69

1970
71
72
73
74

1975
76
77
78

CHICKAMAUGA DAM
AVERAGE AND DAILY MAXIMUM AND MINIMUM FLOWS

1945 - 1978

Average Fow Maxim Day

32,305 97,990
38,536 191,726
31,187 156,545
34,360 179,212
43,630 148,585

44,030 164,976
36,555 127,100
29,768 109,300
28,131 95,400
26,045 166,100

30,534 107,600
30,993 143,800
45,247 182,000
34,327 100,400
29,001 102,700

31,014 70,200
37,427 157,700
40,640 162,700
31,600 199,200
36,040 101,300

32,700 149,100
28,800 94,700
40,420 129,500
28,240 125,700
26,810 155,700

28,320 159,200
33,770 76,800
43,660 145,600
46,550 219,000
47,530 151,000

43,960 134,300
30,780 55,800
38,460 148,500
30,150 99,600

(cfs)

11,783
17,741
12,010
16,492
16,224

17,221
13,200
5,700
5,300
3,600

5,900
4,900
8,900
6,000
3,000

8,700
6,700
3,300
6,400

10,100

9,600
3,200
1,700

0
3,700

4,300
4,700
8,200
7,700
5,300

8,200
7,900
8,500
9,300

c-4

Year 

1945 
46 
47 
48 
49 

1950 
51 
52 
53 
54 

1955 
56 
57 
58 
59 

1960 
61 
62 
63 
64 

1965 
66 
67 
68 
69 

1970 
71 
72 
73 
74 

1975 
76 
77 
78 

Table C-4 

CHICKAMAUGA DAM 
AVERAGE AND DAILY MAXIMUM AND MINIMUM FLOWS (cfs) 

1945 - 1978 

Average Flow Max:i.nun Day Min:im.n Da: . Y 

. 32,305 97,990 11,783 
38,536 191,726 17,741 
31,187 156,545 12,010 
34,360 179,212 16,492 
43,630 148,585 16,224 

44,030 164,976 17,221 
36,555 127,100 13,200 
29,768 109,300 5,700 
28,131 95,400 5,300 
26,045 166,100 3,600 

30,534 107,600 5,900 
30,993 143,800 4,900 
45,247 182,000 8,900 
34,327 100,400 6,000 
29,001 102,700 3,000 

31,014 70,200 8,700 
37,427 157,700 6,700 
40,640 162,700 3,300 
31,600 199,200 6,400 
36,040 101,300 10,100 

32,700 149,100 9,600 
28,800 94,700 3,200 
40,420 129,500 1,700 
28,240 125,700 0 
26.,810 155,700 3,700 

28,320 159,200 4,300 
33,770 . 76,800 4,700 
43,660 145,600 8,200 
46,550 219,000 7,700 
47,530 151,000 5,300 

43,960 134,300· 8,200 
30,780 55,800 7,900 
38,460 148,500 8,500 
30,150 99,600 9,300 

C-4 



Table C-7

WATIS BAR DAM TAIlJAR

RANGE IN WAER-IEVEL FLUJCfATIONS

CAIENDAR YEAR 1976

Month

January

February

March

April

May

June

July

August

September

October

Novenber

Decenber

Maxiumn Daily
Fluctuations

Feet Date

5.84 26

6.17 7

6.46 13

4.41 5

2.80 4

2.83 17

2.88 23, 24

3.84 2

3.23 4

2.87 17

5.04 24

5.92 29

Miniun Daily
Fluctuations

Feet Date

0.07 7

3.26 4

0.77 28

1.10 18

0.53 12

1.22 6

0.61 25

0.98 7

0.81 17

0.31 30

0.90 1

1.02 14

C-7

Table C-7 

WA'ITS BAR DAM TAILWA'IER 

lWG'.: rn WA1ER-lEVEL FLUcruATIONS 

CAIENDAR YEAR 1976 

Maxim.m Daily Minimum Daily 
MJnth fluctuations Fluctuations 

Feet nate Feet nate 

January 5.84 26 0.07 7 

February 6.17 7 3.26 4 

March 6.46 13 0.77 28 

April 4.41 .s 1.10 18 

2.80 
: 

4 0.53 12 May 

June 2.83 17 1.22 6 

July 2.88 23, 24 0.61 25 

August 3.84 2 0.98 7 

Septeni>er 3.23 4 0.81 17 

October 2.87 17 0.31 30 

Novenber 5.04 24 0.90 1 

Decarber 5.92 29 1.02 14 
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PLATE NO. 5 CHICKAMAUGA 8ESVOI3 TENINESSEE VALLEY AUVTHOITY

1976 MID8G31T ELEVATIONS IN PEET NO STORAGE VOL00 E5 IN 1000 OAV-SECONL-FET RIVlER R.ANAGO4ENT BRANCH

JANUARY FERRUARY MARCO APRIL MAY JUNE

DAY RESEAVOIR SE1WAGE RE $VO IE R E TORACO tE SERV R STRAA6 RtSERVOIR S TOR AGAE L RELE M SIOMAGELSEAROIJR L168A.
EL1VAT ION VOLUME ELEVATION V EL VA iON VL LEVATION VOLUME ILVLATION VOLUkE LLEVATIMJ VELURE

1 676.78 226 6706.0 227 675.12 209 678.45 246 680.RA 280 6E3.RI 126

2 616.45 727 676.38 225 675.55 207 R1R.VR 21 081.OV 290 6R2.65 346

1 6?6.37 232 6760.6 22V 615.65 2:0 618.04 248 .*1.56 292 6.2.55 31A

4 616.8R 232 676.22 223 6.V.50 205 678.22 243 .61.37 2.6 682.5. 31I

1 676.1. 230 675.00 812 615.60 207 678.69 241 6EE.1 5 297 682.1A 322

6 676.66 230 675.38 206 67S.92 211 621.65 241 A 61.5 299 682.52 311

7 616.61 229 676.2b 215 675.8R 209 611.03 252 681.71 302 602.56 31I

O 60A..5 22? 615.94 211 675.68 208 67.092 253 6E1.o5 305 .M2.72 321

676.24 224 675.10 209" 675.35 208 679.00 255 683.92 306 682:.1 320

82 676.01 228 675.5? Z06 675.6F 211 679.20 258 602.08 309 662.32 316

It 615.90 234 615.75 210 676.09 213 679.60 2 s 6"2.16 312 682.28 313

12 675073 211 675.85 209 675.71 210 619.60 265 682.18 HsI 6•2.50 315

13 675.85 214 675.85 211 675.55 201 679.12 267 6R2.36 314 682.24 312

16 .76.23 ZZ2 675.59 206 674.65 201 619.80 268 662..0 313 6u3.86 305

31 676.SV 227 675.60 206 675.A. 207 620.812 268 013.46 311 68.13 so.

84 676.05 233 675.60 206 615.99 211 680.06 212 6R3.|4 336 681.46 302

10 677.u5 232 6705.22 20) 615.09 '* 209 680.24 275 683.68 336 668.67 305

Is 610.L- 225 675.76 214 615.73 210 6U0.2E 205 63 3.0 129 663.66 306

19 676.30 281 616.27 213 675.90 210 680.30 277 682.69 )20 602.39 315

20 675.?7 109 616.14 213 675.80 200 6800.25 216 82.31 jiR 662.62 319

21 675.63 209 676.24 215 676.10 213 68V.1N 204 602.66 320 602.75 321

22 675.50 2 07 675.76 208 616.60 218 680.20 215 052.60 319 682.65 320

23 605.t5 201 675.55 212 616.30 215 680.29 216 682.,O 3]0 68a2.0 317

24 6.75.4 203 015.67 207 61706 210 630.42 219 082.4O 31R 682.16 330

25 6?5.69 207 675.00 211 A955 200 6W0.36 220 682.50 317 601.46 298

26 016.66 226 675.56 200 675.30 202 6.6.36 217 *82.33 314 *At.O0 305

77 677.61 2. 675.50 218 625.53 205 670.20 206 682.ý 0 315 602.50 318

28 670.67 240 67500.2 200 675.63 207 680.30 216 682.55 919 62.062 022

29 607.5 234 615767 207 675.72 ;08 560.40 278 683.64 338 602.60 322

00 601.15 227 606.66 228 680.56 281 663057 336 682.52 326

31 606.76 222 607.85 265 683.39 349

8083978 677.40 242 016.71 227 617.95 264 680.05 281 663.19 33 683.33 32s

859388M 675.01 201 6127 93 203 61S00 202 071.0S 248 AR.0 280 600.92 29U

COANGE 1.8 86 -3.O0 -15 2.88 30 2.69 36 2..O 48 -0.37 -3

JOLT.. . . .JU L Y . . . EP B ER OC TO ER NU V EM S E R 0V C E68381

DAY RE 410 90181 TOAGE RESERVOIOR STORASE RS ER" I STR AGE RESEOVR S30805 RIKoII 516iGE 015180018 STORAGE
LEVA Ia.N VOLUME EL ROO 308 VOUE IV ?. vUE LE 86 IA89 VOLUME ELEVA ATION VOLUME ELEVATO 8008 66507h 3010

1

4

13

32

36

11

18

85

Ž0

23

22

23

24

25

26

27

28

29

30

I3

602.94 324

602.12 328

682.20 311

642.20 311

680.03 327

603.07 321

6,2.3b 315

681.16 307
683.45 309

601.67 102

681.65 3Q0

66L.57 300

-61.52 Z99

63.175 307

662.00 333

683.01 304

688.03 306

181..0 300

631.05 290

6o00.6 291

680.57? 291

601.52 303

683a.4 308

618.32 795

603.27 294

680.98 283

668.20 293

681.27 200

681.37 2.9 680.60

681.55 300 BO0.24

688.26 294 686.10

681.03 289 680.75

680.00 200 600.88

680080 286 681000

680.95 292 6010.5

681.36 259 680.96

608.37 292 680.98

60c..3 28R 681.RE

680.164 285 088.3

690.50 200 680.93

600.30 288 681.04

600.64 283 601.00

b60.00 .290 680.06

600.02 286 680.82

600.65 206 680.99

680.50 .28 6101.

680.40 202 608.02

680.34 278 613.03

600.53 208 6R0.8O

678.03 293 681.03

61.08 291 610.18

601.04 289 6b1.13

680.66 286 601.16

280 60O.8g 267 679.70 .69 671.69 240

280 680.60 282 619.66 266 617.31 236

219 6800.2 219 679.60 264 677.09 2Ž0

205 6400-1 200 61. 50 266 616.50 219

2R7 680.53 I1 .79.7.) 2.. 616.60 i20

283 -680.78 RS 6792~5 Ž61 616.88 122

292 680.72 234 677.80 251 616.47 i21

238 680. : 203 10:.05 Ž5 611.00 232

293 60060 232 678.42 260 671.0) 236

285 .00.50 283 704.3Z 245 611.30 230

291 60.0.8 286 671.40 265 676.78 231

208 600.52 203 618.32 2-V 626.41 Ž26

289 600.33 277 678.33 244 60•6.6 222

369 600.16 276 67I.10 R 21 686.6L i.7

206 *001 273 071.14 '31 616.65 220

287 610.14 274 607.67 235 676.51 227

290 678.61 266 .00.|1 215 616,43 226

292 679i.5 26s 677111 227 616.01 220

209 679.41 265 677.20 233 005.90 213

289 679.53) 260 .77.05 226 675.13 211

285 689.41 266 6276.6 224 615.90 218
295 619.53 266 16.106 Ž26 636.14 " 228

291 679546 262 616.96 225 616.03 220

141 671.20 261 677.57 233 614.80 I1S

291 679.50 286 617.36 Z30 676.1. 21.

293 60017 211 671.00 224 606.21 2iR

238 600.07 214 617693 2i. 637.6 205

289 679.81 270 677.46 232 615.36 L61

292 6719.00 265 817.70 23. 675.17 215

20,2 07.66 269 .71.70 299 616.32 222

66.?74 260 616.32 i22

680.60
680.00

680.87

680.58

282, 681.2R
276 680.95
218 A80.VO

280 033
286 680.35

282

8A0I3U8 607.11 321

88NE8U8 608.09 283

1I6NG6 -3.E 5 -z2

197S-19760 AlMO 7000

6b2.13 300 088.63 295 66.8t5 21:7 6:167 269 601.92 243
619.70 216 619.68 279 6087 26a 606.39 221 . 675.02 kas

-0.69 -86 0.90 30 --163 -25 -20O4 -2 - -I1.3 -86

3409 s0m3 71801M578 030823 •3 M0M535A00O70 Or 80330D 686.10 AT,6:0o A."., HARM 10, 3973.

I0388 my 409 3: 1 A0 M 691179

1--8 AMMA! 17-AMI08

MAXIMUM3 My0 30 3:00 An 683.79

s09353J 71130RUAT 55 0:00 AM 616.53

NRY I. )IS

MAT 36 303

6Y 186 732
Mo.• 26 202

0i39m"" 7600p75T8 81338 INITIAL FTLP.66 , 673.20 AT ):00 P.M.,

1591.01K) EG8VAT1OM MM(93 0 ARE 801780tft 80 ITno

1929 (MAt L A111011011r3 OP 133 U0-.C. AO G.0S.
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500 15,900

500 12,900

500 5.600
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D. EVALUATION FOR SECTION 10/404 PERMITTING

D.1 INTRODUCTION

The objective of this section is to address the potential impact of
constructing and operating waste heat park intake and discharge structures
on the Tennessee River. Two generic alternatives are presented. The data
base for this evaluation includes existing environmental literature, and
engineering design information generated specifically for the project.
The focus of this section centers around information and details required
for Section 10/404 permitting by the Army Corps of Engineers. Impacts
were assessed for the following structures:

• Raw Water System

Case I: One centralized large water intake and one
return pipe discharge structure designed to serve the
entire Park.

Case II: A series of small raw water intake and return
discharge pipes serving several industries.

* Waste heat return pump station overflow pipe discharge.

* Sanitary sewage treatment plant effluent discharge pipe.

* Dredged spoil land disposal area drainage system/discharge pipe.

Aquatic impacts assessed are limited to those related to the construc-
tion and operation of the above structures. Thermal or chemical pollutant
effects are not discussed. Where it is felt that other sections of the
Environmental Impact Statement adequately addresses an issue, reference
is made to the appropriate discussions.
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D.2 DESCRIPTION OF THE SITE AREA

The site area description focuses on the Waste Heat Park shoreline
and aquatic environment. Only those resources which could be measurably
impacted are addressed. The project area lies along the north shore of
the Tennessee River (Chickamauga Reservoir) from just downstream of Tennes-
see river mile (TRM) 527 to near TRM 528.

D.2.1 Aquatic Ecology
Nonfisheries--Section A.6 describes aquatic ecological resources asso-

ciated with the project area. Of the groups of species discussed, benthic
species are most immotile and therefore most susceptible to site-specific
disturbances.

The most unique benthic resources at this site are the mussel popula-
tions. The proposed intake and discharge structures are located within a
zone in the Watts Bar Dam tailwater where the mussel fauna is exceptionally
diverse (TRM 528.1-526.1).

Fish and Fishery Resources--Fishery resources are summarized more
completely in Sections A.6 and A.7. Over fifty species have been found
in the project area, which supports a good sport fishery for both
migratory and resident species.

D.2.2 Terrestrial Ecology (Wetlands)

Wetlands in the shoreline zone of the proposed intake and discharge
structures occur along tributaries to the Tennessee River and along its
shoreline. Wetlands are made up primarily of lowland hardwood species
as described in Section A.5.1. These wetlands are concentrated between
Yellow Creek and a small natural drainage creek to the east (Figure
A.12.1). The acreage of vegetation involved is relatively small and in
a strand distribution, being restricted to immediate shoreline or creek
bank habitats.

D.2.3 Hydrology

As described in Section A.3.1, the Tennessee River streamflow past
the site is completely regulated by the Chickamauga Dam (downstream),
and the Watts Bar Dam (upstream). Table C-5 provides an approximate
relationship between flow and stage near the proposed intake/discharge
locations. These data have been used, in conjunction with the bathymetry
in the region (Watts Bar Nuclear Plant Project Drawing, TVA), to estimate
average river velocities in the site vicinity during low water levels at
Chickamauga Dam. The results are tabulated below:
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Water Surface Elevation Average River Velocity
(Ft MSL) (Ft/Sec)

675 0.00
677 0.20
679 0.37
681 0.49
683 0.60

The three consecutive day low flow with a twenty year recurrence interval
(3Q20) is estimated at 2650 cfs. This corresponds to an average velocity
of less than 0.2 feet per second. It is reasonable to assume the velocity
is not uniform at this flow rate, i.e., the flow may be stratified and
the velocity near zero in the proposed intake/discharge locations.

The average flow discharged from Watts Bar Dam was 27,370 cfs, over
the period 1945-1978. This flow corresponds to an average river velocity
of 0.52 and 0.34 feet/second at the normal minimum (675 ft MSL) and
normal maximum (682.5 ft MSL) water surface elevations at the lake,
respectively. These average velocities are also low enough to assume
uniform flow does not occur at these conditions.

D.2.4 Endangered or Threatened Species

In the vicinity of potential intake/discharge structure locations,
two species of mussels (Lampsilis orbiculata and Dromus dromas) and one
fish species (Percina tanasi) classified as endangered by the Federal
government (Federal Register, 1980) are found. P. tanasi has been col-
lected in Sewee Creek, which flows into the Tennessee River at TRM 524.9.
D. dromas has been collected near mile point TRM 521 and downstream (TVA,
1980). L. orbiculata has been collected at TRM 527.4, as well as down-
stream to TRM 517 and upstream to the Watts Bar Dam. TRM 527.4 is the
potential location of the raw water intake structure for the proposed park,
which is within the boundaries of an area of high mussel concentration.
Lower densities of all species occur downstream of TRM 517. The mussel
species involved probably either spawn in the spring and release larvae
in the summer, or spawn in the summer and release larvae the following
spring. P. tanasi spawns in the early spring (February through early
April).

Refer to Section A.7.2 for a more complete description of these spe-
cies. Current comprehensive information on the status of these species
in the immediate site vicinity is not available.
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D.3 DESCRIPTION OF PROPOSED INTAKE AND DISCHARGE STRUCTURES

Design and siting considerations for potential intake and discharge
structures are depicted in Figures D-1 through D-10. Operational charac-
teristics are provided in Section D.4. The figures presented include:

Figure D-2
Figure D-2

Figure D-3

Figure
Figure
Figure
Figure
Figure
Figure
Figure

D-4
D-5
D-6
D-7
D-8
D-9
D-10

- Case I - Outfall Location
- Case I - Raw Service Water Intake Structure,

Section Elevation
- Case I - Raw Service Water Intake Structure,

Section Plan
- Case I - Raw Water Discharge Structure
- Pipe Supports and Navigation Lights
- Case II - Outfall Locations
- Case II - Raw Water Intake Structure
- Case II - Raw Water Discharge Structure
- Waste Heat Outfall Structure
- Sanitary Outfall Pipe

The spoil area shown in Figures D-1 and D-6 is designed to contain
dredged material generated by construction activities. Only under exces-
sive rain conditions should water flow from the stand pipe to the river.
In the Case I plan about 4000 cubic yards of dredged material could be
deposited in this area. Under a Case II plan each individual intake
structure will generate about 100 cubic yards of dredged material. The
number, size, and location of Case II intakes and discharges is dependent
on specific park industrial development requirements. There is a poten-
tial for as many as 20 of these structures, which would result in a total
dredging of 2000 cubic yards of material.
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D.4 IMPACTS OF PROPOSED INTAKE AND DISCHARGE SYSTEMS

D.4.1 Aquatic Ecology

D.4.1.1 Construction Impacts

Construction impacts on aquatic ecological resources arise from habi-
tat loss for benthic species, as well as increased turbidity and siltation
resulting from dredging operations and runoff from construction areas.
Siltation affects benthic substrate, clogs gills of fishes and smothers
benthic species. As one consequence, siltation could reduce the percent-
age of survival of larval fish and mussels. Increased water turbidity
also reduces phytoplankton production and, therefore, near field oxygen
supplies available to aquatic species.

Of the two potential raw service water supply alternatives presented,
Case II (several intakes and discharges) would likely result in greater
habitat loss for benthic organisms and potentially mussel populations.
From a turbidity and siltation standpoint, Case II is expected to provide
less impact, particularly if the smaller systems are constructed over an
extended period of time.

Any rip rap construction beneath river waters would provide suitable
riverine benthic habitat.

D.4.1.2 Operational Impacts

Entrainment of small aquatic organisms and life stages (including fish),
and impingement of larger fish are the principal aquatic ecological impacts
related to intake operations. Entrainment along with wastewater discharge
impacts are discussed in Section B.6.2.

Impingement of fish against trash screens, which normally results in
mortality, is influenced by location and design of the intake structure,
intake volume and veolcity, water quality and temperature, and fish swim-
ming speed and behavior. The potential maximum intake velocity of 1.8
ft/s might be excessive unless compensated for by mitigative features of
the screen. A number of options are available which could protect fishery
and mussel resources. Threadfin shad (Dorosoma pentenense) and gizzard
shad (D. cepedienum) are apparently the two most abundant fish species in
the Tennessee River near the site (Watts Bar Nuclear Power Plant Preopera-
tional Studies, 1980). Their impingement is closely related to water
temperature with up to 98 percent occurring when water temperatures are
below 10'C. (Loar, et al., 1976).

In addition to direct effects on fish populations there is a possible
indirect link to the endangered mussels. Mussel larvae spend part of
their lives encysted in fish. This loss should be minimal, however, since
the cysts are only present in the summer, the time of greatest avoidance
ability.
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Two potential alternative intake configurations are presented. Both
would withdraw the same volume of water at the same velocity, thus, loca-
tion of the intake is the main design feature which relates to impingement.
In Case 1', the pipe would draw water from just above the bottom. Bottom
fish would be most susceptible. In Case II, the multiple intakes would
draw water from the whole water column. This would make the shad more
susceptible.

D.4.1.3 Mitigation Actions

Dredging and instream construction will be conducted in accordance
with all applicable Federal, State, and local regulations, policies, and
guidelines. Additionally, stabilization of areas surrounding submerged
and shoreline structures with rip rap will minimize erosion, bank slough-
ing, and provide some additional habitat for benthic species. Construction
during winter months when larvae should be least abundant would minimize
impact to the fishery. Refer to Section B.6.3 for a more complete discus-
sion of mitigation for the protection of aquatic resources.

D.4.2 Terrestrial Ecology

D.4.2.1 Construction Impacts

Terrestrial impacts of potential consequence involve wetland habitat
loss. The only facilities which'may affect wetlands are the Case I raw
water discharge near the mouth of Yellow Creek and the Case II intake
and discharge options involving several industry specific structures
located downstream of the service area. In both instances wetland impacts
will be minimized by routing lines outside of wetland habitats or, if
necessary, through lower grade wetlands (i.e., disturbed or in a stage
of transition to an upland state). Because the wetland types are neither
unique nor rare in the region and because they are of small size, impacts
of proposed intake and discharge systems should not be significant.

D.4.2.2 Operational Impacts

Impacts on terrestrial and wetland communities related to the pro-
posed intake and discharge will occur primarily during the construction
period. No significant impact on these resources is expected as a result
of facility operation.

D.4.2.3 Mitigation Actions

Mitigation measures include the above identified wetland avoidance
procedures.
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D.4.3 Hydrology

D.4.3.1 Construction Impacts

Impacts on river hydrology primarily are related to the operation
phase.

D.4.3.2 Operational Impacts

The centralized raw water system, with one intake and one discharge
structure, should not have a significant impact on the flow and current
patterns in the river. A flow rate of Il1 cfs (50,000 gpm) represents
only about 4.2 percent of the three day minimum flow with a 20 year recur-
rence interval (3Q20) and 0.4 percent of the average flow at the site.
Thus, although intake and discharge velocities up to about two feet per
second are expected, they should affect only the immediate vicinity of
the structures involved. The intake will withdraw from a point approxi-
mately 12 feet below normal minimum water level, and approximately 20 feet
below normal maximum water level. The discharge will return water to
the surface of the river.

The individual raw water systems, utilizing multiple intake and
discharge structures, should not have any more hydrological impact than
the centralized systems. Ultimate development would involve about the
same flow rates of 4.2 percent at the 3Q20 and 0.4 percent of the average
river flow. Partial development would involve proportionately less of
the river flow. The design intake and discharge velocities range up to
about two feet per second, which is the same as the centralized system.
Thus, they should have the same effect on the local flow and current
patterns as the centralized system, assuring ultimate development. These
velocities would affect proportionately smaller areas under partial devel-
opment. The intakes for this system would withdraw water from the full
water column between elevation 667 and the water surface. The discharges
would return water to the surface of the river.

The waste heat return pump station overflow pipe discharge is sized
to carry an average of 56 cfs (25,000 gpm) and a maximum of 163 cfs
(73,000 gpm). These represent 2.1 and 6.2 percent at the 3Q20, respec-
tively, and .2 and .6 percent of the average river flow, respectively.
As was the case with the raw water systems, this discharge will enter
the river at the water surface, at a velocity less than or equal to
2 feet/second. This discharge should only affect flow and currents near
the outfall structure.

The sanitary sewage treatment plant effluent is expected to discharge
a maximum of 0.23 cfs (150,000 gpd). This flow represents less than
.01 percent of the 7Q20 and .0008 percent of the average river flow.
This flow will discharge at about 0.7 feet per second. The discharge is
through an 8-inch diameter pipe submerged a minimum of ten feet below
normal minimum water level. The impact of this discharge should be
insignificant.
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The drains from the dredged spoils area will discharge to the surface
of the river. At this time, no estimate of the flow rate is available.

D.4.4 Endangered and Threatened Species

D.4.4.1 Construction Impacts

Dredging for placement of raw water intake structures (either case),
the waste heat return overflow pipe, and discharges and drains from the
sanitary sewage treatment plant and dredged material disposal area will
cause siltation and habitat disruption which could potentially affect
populations of Lampsilis orbiculata and Dromus dromas. Refer to Sections
B.6.1 and D.4.1.1 for a more complete discussion of potential impacts.

D.4.4.2 Operational Impacts

It is felt that impact risks to endangered mussels and fish are
greatest during construction. Because the host fish species for L.
orbiculata and P. tanasi distribution are not known, the effects of
entrainment and impingement cannot be estimated.

D.4.4.3 Mitigation Actions

Pre-construction investigations will be used to determine optimum
instream locations and designs for minimizing impacts to P. tanasi,
D. dromas, and L. orbiculata. Mussels could be collected from construction
areas and relocated into suitable habitat upstream. Construction during
the winter months could also minimize construction impacts. All proposed
mitigative measures would be subject to U.S. Fish and Wildlife Service
review prior to finalization and implementation.

For a more complete description of mitigation to protect aquatic
resources, refer to Sections B.6.3 and D.4.1.3.
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D.5 CONCLUSIONS

This section summarizes potential project design characteristics
and potential impacts. With proper mitigation, no project alternatives
are expected to result in significant impacts.

Endangered mussels and fish are present in the site area. The site
is within a State mussel sanctuary, and a tailwater area which supports
a good sport fishery; however, impacts can be reduced to acceptable levels
with proper mitigation. The U.S. Fish and Wildlife Service would be con-
sulted with regard to mitigation for the protection of endangered species.
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suIted with regard to mitigation for the protection of endangered species. 
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Figure D-3
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October 4, 1979

Mr. Kenneth E. Black, Regional Director
U.S. Fish and Wildlife Service
Richard B. Russell Voderal Building
75 Spring Street, SW
Atlanta, Georgia 30303

D•ar Ken:

Tb.e Tennex3ee Valley Authority (TVA) is condticting an analysis of the
potential environzental impacts associated vith the development of a
multiple use park with agricultural, aquaculture1, and industrial appil-
cations utilizing waste heat produced by one of our steaw-electric
genarating stations. Current propooals call. for a park to be located
on a tract of TVA-owned land adjacent to our Watte Bar Nuclear Plant in
Rhea County, Tennessee. The nuclear plant is currently under construction
and should be ready for fuel loading by the fall of 1900.. TVA is preparing
au Envirorumntal Ispact Statement on the proposed waste heat par1kr (see 44
Federal Rogistar, No. 146, Page 44312, July 27, 1979).

This lettor serves as a requast for the Identification of species which
are listed or prvposed for listing an threatened or endangered and which
may occur on or in the vicinity of the area proposed for development. TVA
wLl1 prepare a biological asseament which will be included in the draft
Environmental Impact Statement. The anclovod mAp indicaten the area that
is undar investigation. If there are any questions or a3ditional data Ca
required, please contact ralph Jordan at FTS 956-4411.

Sinceres y,

Thotn~w T. Ipicy, Man~f,',r
Offitee of TNatural eso.mircoI

ijR :LGtII
Fn:losure
cc (Enc lo2tire)

M. T. EA-Ashrv , FOR B-N
Ii. G. Parris, 500A CST2-C
11. S. Sanger, El11133 C-K

be (Enclosuro.) : ye- (EnrIosi iie)-
B. W. Brotm, 259 'iOl1l-C FR. . El l', Foi B-N
E. 11. Lesesne, 448 Eli-K K. B. Ii'fi , FORI( B.--N
IR. I.. Norgan, Jr. , FOR B-N 3. I". .*Ordall, .[r., FOR B-N
J, '. 14cinhold. 1345 CUBB-C .1. . f,oney 1, 1) -N-
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Ur. Kenneth E. Black, Regional Director 
U.S. Fish and Wildlife Service 
R1.chllrd }\. RUBsel1 Foderal Building 
75 Spring Screet, SW 
At1ant~. Geor~1R 30303 

IK·ar KEtn: 

The Tennessee Val lay ,t\uthority (TVA) 18 c:onducti.ng an Rna1y01.9 of thd 
potential anv1't01llll£\ntal impacts ••• oe:l.atad vith the development of' a 
multiple use park with agricultural, aquaculturol, ancl industr:t.al apr1:f.
cations utiliziDS vaste heat produeod by one of our eteawrelactr1c 
gonarntins .. tations. Current propooal. call for a pork to be located 
on 8 tract of TVA-owned land adjacent to our Hatts Bar Nuc1ellr Plant in 
Rhea County, Tennessee. The nuclur plant is currently undar construction 
and should be ready tor fuel lo&diuJ by the tftll of l~OO. TVA is preparing 
au Er.v1ronmantal Iwpact Statement OD the propo~.~ waste heat pArk (soe 44 
Federal Ro8iator, No. 146, Page 44312, July 27, 1979). 

This lettor oetv •• a. a requo9t for the ident:lf:f.cat:f.on of GpmCie9 which 
ere listed or proposed for listing aa thrGatenad or endanger~d and which 
may oec:ur on or 1n ths vicinity of the ares proposed for develapmtmt. TVA 
wUl prc.paH a bioloiical a88GG8tDeDt which will h. ine1uded -1.n the draf.t 
Environmental Impact Statemont. The .nclo~od m~p Indlcdten tho Area thAt 
18 undor inveatigatlon. If there are any quesaioos or ,,~d1tlonal dAta :, n' 

required. plaue cont<lct ~.l"h Jordan at n's 'i5('-Mlll. 

:I1U :LGH 
Enclosure 
cc (End.ostln:): 

N. T. El-As!:ry, FOH B-N 
II. C. Parris, 500A CST2-C 
H. S. Sange.r, EllH33 C-K 

he (Enc1osure): 
B. Iv. Rrmvn, ~:')9 /lnlB-C 
E. 11. Lesesne, 4,~8 EB-K 
R. 1 .. :-Iorgnn, Jr., FOR l\-N 
J. F. \.Jcinhold. 1345 CUHB-C 

Sincer~]y. 

·nlOmtl!.~l H. r.1l"1~y I HL'lnnf~Ur 

Office of N~tural qeoourcOA 

E-l 

xc: (1':01'1 IlSIIl'(!) : 

F. 1 \. F i (' 1 tI ~~, F i ll( 1\ - ~ 
I:. H. \;'{ t·;~, F()l~ \\· .. N 

.1. I·: .. Ionl'lfl, .rl·., FOR l\-·N 

.1. t-I. LOlley, ~;n!~ n-~t\) 



Jni tci States 1)epartment of the Interior
- FISH AND WILDLIF2. SFI-NkVICE

.,TlANA. GF(,KcIA 30303

Dr. Thomas H. Ripley
Manager, Office of Natural Resources
Tennessee Valley Authority
Norris, Tennessee 37828

Dear Dr. Ripley:

This acknowledges your letter of October 4, 1979, (received October 15,
1979) requesting information on whether any endangered, threatened,or
proposed to be listed species may be present in the area of the proposed
multiple use park adjacent to Watts Bar Nuclear Plant which is located
in Rhea County, Tennessee. We have assigned log number 4-2-80-A-10 to
this project, and we request that you refer to this number in all future
correspondence.

We have forwarded the information that you provided to our Asheville
Area Office for their review. Upon completion of their review, we will
provide you with a list of species that may be present in the area of
the proposed action, and the information needed in the biological assessment,
if it is required.

We appreciate your interest and concern in the preservation of listed
species.

Sincerely yours,

Regional Director

E-2

lJnitcd States 1Jepartnlcnt of the Interior 
FISH AND WILDLIFE SEh'VICE 

Or. Thomas H. Ripley 
Manager, Office of N\1tural Resources 
Tennessee Valley Authority 
Norris, Tennessee 37828 

Dear Dr. Ripley: _ 

This acknowledges your letter of October 4. 1979, (received October 15, 
1979) requesting information on whether any endangered, threatened,or 
proposed to be listed species n~y be present in the area of the proposed 
multiple use park adjacent to Watts Bar Nuclear Plant which is located 
in Rhea County, Tennessee. We have assigned log nurrber 4-2-80-A-10 to 
this project, and we request that you refer to this number in all future 
correspondence. 

We have forwarded the information that you provided to our Asheville 
Area Office for their review .• Upon completion of their review. we will 
provide you with a list of species that may be present in the area of 
the proposed action, and the information needed in the biological assessment, 
if it ;s required. 

We appreciate your interest and concern in the preservation of listed 
species. 

Sincerely yours, 

td~t- [ '~U 
Regional Director 

, 11 r 
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4> IUnited States Department of the Interior
FISH AND WILDLIFE SERVICE

75 SPnING S-1 nCTv, S.W.

, ,'.ATLANTA, GEORGIA 3030:3

Dr. Thomas 1-. Ripley.
Manager, Office of Natural Resources
Tennessee Valley Authority
Norris, Tennessee 37828

Re: 4-2-80-A-10

Dear Dr. Ripley:

le have reviewed the proposed multiple use park adjacent to Watts Bar
tuclear Plant in Rhea County, Tennessee, as requested by letter of
October 4, 1979•received October 15, 1979.

It appears that some endangered and/or threatened species awd/or species
proposed for listing may occur in the area of influence of this action.

The following is a list of species which we believe may be present in
the arca:

Dromedary pearly mussel (Dromus dromas) - endangered, Tennessee
Ri ver.

Pink mucket pearly mussel (Lampsilis orbiculata orbiculatz) -
enidangered, Tennessee River

Orange-footed pearly mussel .Plethobasis cooperianus) - endangered,
Tennessee River

Section 7(c) of the Endangered Species Act of 1973, as amended in 1978,
requires agencies to provide a biological assessment for the species
which are likely to be affected. The biological assessment shall be
completed wi thin 180 days after the date on which initiated, or within a
inutually agreed upon time-frame, before any contracts for construction
are entered into, and before construction is begun. I.'e do not feel that
we cat adequately assess the effects of the proposed action on listed
species, species proposed for listing or Critical liabitat without a
complete assessment. At a minimum the following information is.requested:
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United States Departnlent of the Interior 
FISH AND WILDLIFE SERVICE 

Dr. Thomas H. Ripley 

75 SPRING Sl flLET. s.w. 

ATLANTA. GEORGIA 3030] 

~f r ": 1\ .. :. '.! 

Manager, Office of Natural Resources 
Tennn.ssce Va 11 ey Au thor'i ty 
Norris, Tennes~ce 37828 

Re: 4-2-BO-A-10 

Dear Dr. Ripley: 

\~e have revie\'/ed the proposed multiple use park adjacent to Watts Bar 
tiuclear Plant in Rhea County, Tennessee, as requested by letter of 
October 4, lY79 received October' 15. 1979. 

It appears that some endangered and/or threatened species ilnd/or species 
proposed for listing may occur in the areil of influence of this action. 

The follm'ling is a 11st of species which we bel ir.ve fTl.l.y be prescnt in 
the area: 

Dromedary pearly mussel (Oromus dromas) - endangered, Tennessee 
Ri V81' 

Pink mUcKet pearly musse') (Lilmt?siLi.2. orbiculata orbiculat<i) -
e:ldangered. Tennessee Ri vcr 

Orange-footed pearly mussel m ethobas is coop'eri ,]nus) - endangered, 
Tennessee River 

Section 7(c) of the Endangered Species Act of 1973, as ilmended in 1979, 
rrquirps agencies to provide a biological assessment for the species 
which drc likely to be affected. The biological assessment shall be 
completed \,;i~I1"in 180 dilYS after the dl\te on which initiated, or within a 
mutual'ly ugreed upon t·jme-frame. before any contracts fOI' constructi 011 

are entered into, and before construction is begun. Ue do not'feel that 
\'IC e(111 adequately a~sess the effects of the proposed action on 1 isted 
species, species fjroposcd for listing or Critical Habit:)t without a 
complete assessment. At a minimum tile following inform;:ition is requested: _. 
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1. Identification of the listed species, species proposed for listing
and Critical 11abitat determined to be present within the area
affected by the proposal.

2. Description of the survey muethods used to determine presence of

listed species or species proposed for listing within the area.

3. The results of a comprehensive survey of the area.

4. Description of any difficulties encountered in obtaining data and
completing proposed studies.

5. Description of the proposed construction project and associated
activities.

6. Description of methods and results of studies made to detennine the
actnal and potential iimpacts of project or associated activities on
listed species, species proposed for listing, or Critical Habitat.
In addition to the direct (site related) impacts of project con-
struction the Biological.Assessmenrits should include, vhen applicable,
descriptions of:

A. Impacts associated with project operation.

B. Secondary imnpacts from activities, such as development, which
will be generated by the proposed project.

The cumulative effects of the proposal on the species and/or
its Critical Habitat. Cumulative effects are defined as the
direct dnd indirect impacts of the Federal action under con-
sideration coupled with the identifiable effects of other
r',asonably foreseeable actions of the Federal agency; other
Federal, State, and local agencies; corporations; and individuals
upon a species or its Critical Habitat.

7. -.'here impacts to listed species, species proposed for listing, or
Critical Habitat are identified, the assessment should include a
discussion of the efforts that will be taken to eliminate, reduce,
or mitigate any adverse effects.

8. Concl usions of the agency including recofranendations regarding

further studies.

9. Any other relevant information.

Should you require additional information on this subject, please contact
Mr. C'ary HL'nry or fMr. Robert Currie in the Asheville Area Office, FTS
672-0321, commrercial 704/25P-2850, ext. 321.
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After your agency has completed and reviewed the assessment, it is your
responsibility to determine if the proposed action "may affect" any of
.the listed species or Critical Habitat. If the determination is "may
affect," you are required to initiate consultation by a written request
to this office. At this time you shculd provide a copy of the biological
assessment and any other relevant information that assisted you in
rLaching your conlusion. If the determination is "no effect," consul-
tation is not necessary, unless requested by the Fish and Wildlife
Service.

If the species pr-oposed for listing have not been listed in the period
of time during which a biological assessment was conducted, consultation
is not required. However, at any point in time that the species isHisted, you are required to reinitlate consultation, if you determined
that the proposed action "may affect' the species.

Your- attention is also directed to Section 7(d) of the Endangered Species
Act, as amended, which underscores the requirement that the Federal
agency and the permit or license applicant shall not make any irreversible
or irretrievable c-manitment of resources during the consultation period
which in effect would deny the formulation or implementation of reasonable
alternat:ives regarding their actions on any endangered or threatened
species.

If we can be of further assistance, please advise.

Sincerely yours,

Regional Director I
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TENNESSEE DEPARTMENT OF CONSERVATION
TENNESSEE HISTORICAL COMM16SION

4721 TROUSDALE DRIVE. NASHVILLE 372•3 .' ,

6151741-2371

July 7, 1980

Mr. Maxwell D. Ramsey
Program Manager
Cultural Resources
Tennessee Valley Authority
Norris, Tennessee 37828

Re: Watts Bar Waste Heat Park, Watts Bar Nuclear Plant,

Rhea County, Tennessee

Dear Max:

The State Historic Preservation Officer and his staff have reviewed the
excellent report prepared by Mr. Quentin Bass and Duane Lenhardt, GAI Con-
sultants, Inc., Pittsburgh, Pennsylvania. We find the report a satisfactory
investigation of archaeological resources in the Waste Heat Park area of
environmental impact.

Based on the information presented in the report, we agree that the large site
located during the survey (40 RH 64) is eligible for listing in the National
Register under Criterion (d) (36 CFR 1202).

Since, as stated in your letter of June 6, 1980, the site (40RH64) will not be
affected by planned development or construction activities, TVA has the option
of declaring that it is outside the area of potential environmental impact
and therefore will not need to request a determination of eligibility under
36 CFR 800. However, if there is any possibility that the project will be al-
tered such that site 40 RH64 may be affected, then it would be prudent to
request a detennination of eligibility as you plan to do. We will be glad to
review and comment on the formal documentation when submitted later.

In any event, we concur with your opinion that the project as currently planned
will not affect any properties included in or eligible for inclusion in the
National Register of Historic Places.

Thank you for your continued cooperation in this matter.

Sincerely,

Herbert L. Harper,
Executive Director and
State Historic Preservation Officer DEC 9 1980

HLH:GFF:sg /;U , j:U s. ,'r
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TENNESSEE DEPARTMENT OF CONSERVATION 
TENNESSEE HISTORICAL COMMISSION 

4721 TROUSDALE DRIVE, NASHVILLE 372-2.0 ::r/~ :/'/ 
6151741-2371 

Nr. Maxwell D. Ramsey 
Program Manager 
Cultural Resources 
Tennessee Valley Authority 
Norris. Tennessee 37828 

Ju1y 7, 1980 

Re: Watts Bar Waste Heat Park, Watts Bar Nuclear Plant, 
Rhea County, Tennessee 

Dear Max: 

Tile State Historic Preserva tion Officer and his staff have reviewed the 
exce llent report prepared by r~r. Quenti n Bass and Duane Lenhardt, GAl Con
sultants. Inc., Pittsburgh, Pennsylvania. We find the report a satisfactory 
investigation of archaeological resources 'in the ~JasteHeat Park area of 
environmental impact. 

Based on the information presented in the repol't, we agree that the large site 
10cated during the survey (40 RH 64) ;s eligible for listing in the National 
Register under Criterion (d) (36 CFR 1202). 

Since, as stated in your letter of June 6, 1960, the site (40RH64) will not be 
affected by planned developn,ent or construction activities, TVA has the option 
of declaring that it is outside the area of potential environmental impact 
and therefore will not need to request a deternlination of eligibility under 
36 CFR 800. However, if there is any possibility that the project \'Ii11 be al
tered such tht.t s ite40 RH64 may be affected, then it would be prudent to 
request a detennination of eligibility as you plan to do. We will be glad to 
review and corranent on the formal documentation when submitted later. 

In any event, we concur \vith your opinion that the project as currently planned 
will not affect any properties included in or eligible for inclusion in the' 
National Register of Historic Places. 

Thank you for your continued cooperation in this matter. 

Sincerely, . 
. {r "~-( ,-/d~-,/ttvv'f-v./. -. U 

Herbert L, Harper, 
Executive Director and 
State Hi stor; c Presel~vation Off; cer 
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