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Section 1. ReservoirMonitorin2 - Overview of Aooroach.
Methods. and 1999 Results

Introduction

The Tennessee ValleyAuthority (TVA) began a program to systematicallymonitor the

ecological condition of its reservoirs in 1990. Previously, reservoir studies focused on reservoir

specific assessments to meet specificneeds as they arose.

Reservoir Monitoring is one offive components of TVA's overall river and reservoir

monitoring effort, termed Vital SignsMonitoring. Objectivesof Reservoir Monitoring are to

provide information on the "health"or integrity of the aquatic ecosystem in major Tennessee

Valley reservoirs. Ecological monitoring activitiesprovide the necessary informationfrom key

physical, chemical, and biological indicators to evaluate conditions in reservoirs and to target

detailed assessment studies if significantproblems are found. In addition, this information

establishes a baseline for comparing future water quality conditions in TVA's reservoirs. Other

components of Vital SignsMonitoring include: (1) examinationof ecological conditions in

tributary streams to the TennesseeRiver to evaluate their influenceson observed conditions

reservoirs and to provide a snapshot of overall watershed conditions; (2) monitoring of toxic

contaminants in fish flesh to determine their suitability for consumption; (3) evaluating the

number and size of important game fish species to help ensure their populations remain

abundant and robust; and (4) sampling of bacteriological concentrations at recreational areas to

evaluate their suitability for water contact recreation.

This document describesthe monitoring and data evaluation process used to evaluate

the overall ecological health of reservoirs. It summarizes 1999 data as an example of the

mechanics of the ecological health scoring systemused in the process. This document is prepared

annuallywith the most recently publishedreport covering calendar year (Dycus, et. al., 1999).

The reservoir ecological health evaluationprocess has been in use since 1990.. The

scoring system is reviewed each year seeking opportunities for improvements. Initially,numerous

improvements were made based on experienced gained from working with this new system and

input from other professionals. Each year, progressivelyfewer changes have been needed.



Study Desitm Considerations

This monitoring program was designed based on several fundamental premises.

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

2. Monitoring must provide current, useful infonnation to resource managers and the
public.

3. Monitoring program design must be dynamic and flexible, rather than rigid and
static, and must allow adoption of new techniques as they develop.

4. Monitoring must be sustained for several years to document the status of the
river/reservoir system, determine its year-to-year variability, and track changes
through time.

5. Addressing specific cause/effect mechanisms is not the primary purpose of
monitoring. While monitoring may provide infonnation to identify cause/effect
relationships, more detailed assessment investigations usually are required.

With these premises in mind, our challenge has been to develop a sustainable

monitoring effort that collects the right kinds of physical, chemical, and biological data to provide

enough infonnation to reliably characterize ecological health. Study design must carefully

consider selection of important ecological indicators, representative sampling locations, and

frequency of sampling, all in light of availableresources. Following are some of the basic study

design decisions made in developing this program.

Ecological Indicators--Physical, chemical, and biological indicator~ (dissolved

oxygen, chlorophyll, sediments, benthos, and fish) were selected to provide infonnation

from various habitats or ecological "compartments". For example, the open water or

pelagic area in reservoirs is represented by chlorophyll and dissolved oxygen (DO) in

midchannel. The shoreline or littoral area is evaluated by sampling the fish assemblage.

The bottom or benthic compartment is evaluated using two indicators: quality of

surface sediments in midchannel (determined by chemical analysis of sediments) and

examination of benthic macroinvertebrates from a transect across the full width of the

sample area (including overbanks if present).

Sampling Locations-- 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. Overbanks, basicallythe floodplain which was



inundated when the dam was built, are included in transition zone and forebay areas.

Embayments, another important type of reservoir area, also were considered. Previous

studies (Meinert et.al., 1992)have shown that ecosystem interactions within an

embayment are mostly controlled by activitiesand characteristicswithin the embayment

watershed, usually with little influencefrom the mainbody of the reservoir. Although

these are important areas, monitoring of hundreds of embayments is beyond the scope

of this program. As a result, only four, large embayments(all with drainage areas

greater than 500 square miles and surface areas greater than 4500 acres) are included in

this monitoring effort.

Sampling Frequency--Sampling frequencies (indexingperiods) must consider the

expected temporal variation for each indicator. Indicators which vary in the short term

(dissolved oxygen and chlorophyll)are monitored monthly from spring to autumn.

Other indicators better integrate long-term variations and are sampled once each year.

Sediments are monitored once in mid-summer. Fish assemblage samplingis conducted

in autumn (September-November). From 1990 through 1994 benthic

macroinvertebrate samplingwas conducted in early spring (February-April)to avoid

aquatic insect emergence. Beginning in 1995, samplingwas switched to late

autumn/early winter (November and December). The problem with spring benthos

sampling was that results were reflective of conditions from the previous year. This

caused results for this indicator to be out of synchwith those from the other indicators.

This change is more thoroughly discussed in Dycus and Meinert (1996).

Another design issue dealingwith samplingfrequency is year-to-year variation.

Meteorological conditions (particularlyrunoff from rainfalland its influence on flows)

have a great effect on reservoirs and can vary substantiallyfrom year-to-year. To

account for this variation, our design specifies that a reservoir be sampled for five
. .

consecutive years. Followingthat, samplingoccurs on an every other year basis.

Data Evaluation Considerations Reference Condition and Classification Issues

Like most evaluations, results for ecological integrity studies must be compared to some

reference or yard stick to determine if monitoring results are indicativeof good, fair, or poor

conditions. In streams this is usually accomplishedby studying a site that has had little or
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preferably no alterations due to human activities. Observations at that site provide the reference

conditions or expectations of what represents a site with good/excellent ecological health. Given

that reservoirs are not natural systems, this approach is inappropriate. Other potential approaches

include historical or preimpoundment conditions, predictive models, best observed conditions, or

professional judgment. Preimpoundment conditions are inappropriate because of significant

habitat alterations. For the most part, models are of limited value for many indicators because of

spatial and temporal variations within and among reservoirs. Spatial variation exists within in the

multiple zones (e.g., forebay, transition zone, inflow, and embayments) ofa reservoir. Further,

each zone responds differently to different stimuli. Temporal variations are introduced because

reservoirs are controlled systems with planned annual drawdowns in elevations ranging trom only

a few feet to close to a hundred feet. This leaves best observed conditions and professional

judgment as the most viable alternatives for establishing appropriate reference conditions or

expectations for reservoirs. Our process uses a combination of these two approaches.

A preliminary step to developing reference conditions is to examine the need to separate

the reservoirs under study into separate reservoir classes so that appropriate , "apples-to-apples"

comparisons can be made. Like streams, important considerations for classifyingreservoirs

include size, gradient/depth, ecoregion, etc. In addition, reservoirs are managed systems and

management objectives must be considered.

A lesson we learned early in this process was that the issue of classificationand its

influence on determining reference conditions differed among the environmental indicators. A

fundamental question that had to be addressed separately for each indicator was - Should

reservoir ecological health evaluations be based on:

1. ideal conditions (basicallya subjective determination; for example, a very low DO
concentration is an unacceptable ecological condition regardless of any
classification issue); or

2. the be!>tconditions expected/observed given the environmental and operational
characteristics of the dam/reservoir (for example, very low DO concentrations are
acceptable in many tributary reservoirs because they are expected due to water
management practices, withdrawal schemes, stratification, etc.)?

Our response (opinion) was that ideal conditions should be expected for DO and Sediment

Quality. That is, poor DO is unacceptable regardless of type of reservoir or dam operation.

Sediments should not have high concentrations of metals, should have no or at most very low
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concentrations of pesticides, and should not pose a toxic threat to biota. In this situation, there is

no need for classificationbecause the same conditions are desired for all reservoirs.

For chlorophyll, the classificationschemethat has evolved is somewhat of a combination

of the two approaches. First the geological characteristics (primarilyerodablilityand nutrient

level of soils) of the watershed were examination. Then a conceptuaVsubjectivedecision made as

to the concentrations indicative of good, fair, and poor conditions. Two classes of reservoirs

were developed - reservoirs in watersheds drainingnutrient poor soils,basicallythose in the Blue

Ridge Ecoregion (i.e., expected oligotrophic reservoirs); and reservoirs in watersheds draining

soils which are not nutrient poor (i.e., expected mesotrophic reservoirs).

For benthic macroinvertebrates and fish assemblage, the "best expected/observed

conditions" approach was selected initially. Basically,this means the data base nom the existing

population of reservoirs is examinedto determine the range of conditions for each community

characteristic or metric (e.g., number of taxa). The process is to first omit outliers (defined as

more than three standard deviations nom the mean), then trisect the remainingrange of values

(including zero if appropriate for a particular metric - see Sections 5.0 and 6.0 for details). These

three ranges represent good, fair, and poor conditions and form the reference conditions or

expectations for each metric. This is still the basic approach used for these two indicators, but

experience has shown best results can be obtained by includingprofessionaljudgment in the

process. Cutoff points are examined closely and adjusted, if appropriate, based on professional

judgment. This approach is discussed in detail in Dycus and Meinert (1998).

Reservoirs were divided into four classes to evaluate the benthos and fish. One class

includes the reservoirs on the Tennessee River plus the two navigablereservoirs on tributaries to

the Tennessee River (loosely termed run-of-river reservoir). This group of reservoirs has

relatively short retention times and little winter drawdown. The remainingtributary reservoirs

were separated into three classes: those in the Blue Ridge Ecoregion, those in the Ridge and

Valley Ecoregion, and those on the Interior Plateau Ecoregion. The run-of-the-river reservoirs

were not subdivided by ecoregion because most of the water flowing through each reservoir

comes nom upstream and does not originate within the ecoregion where the reservoir is

physicallylocated.



Ecolo~ical Health Ratin~ Methods

We developed a methodology to evaluate the ecological health of reservoirs included in

this program because none were availablewhen the monitoring program began in 1990. The

ecological health evaluation system examines each of five key indicators separatelYand then

combines these ratings into a single)composite score for each reservoir.

Dissolved oxygen - The rating criteria represent a multidimensionalapproach that

includes dissolved oxygen levels both throughout the water column (WCoo) and near the

bottom (Boo) of the reservoir. The DO rating (ranging from 1 "poor" to 5 "good") at

each sampling location is based on monthly measurements during April through September

for the run-of-the-river reservoirs and May through October for the tributary reservoirs.

This is the six-month period when maximumthermal stratification and maximum

hypolimnetic anoxia are expected. The WCooRating is the six-month average of the

proportion of the reservoir cross-sectional area at the sample location that has a DO

concentration less than 2.0 mgIL. The Boo Rating is the six month average of the

proportion of the reservoir cross-sectional bottom length that has a DO concentration less

than 2.0 mgIL. The final DO rating is a combination of the WCoo and Boo results. (See

Section 2.0 for details.).

Chlorophyll- Scoring criteria were developed separately for each of the two

classes of reservoirs. Reservoirs expected to be oligotrophic receive highest ratings at low

chlorophyll concentrations. Reservoirs expected to be mesotrophic receive highest ratings

for an intermediate range of concentrations. For reservoirs expected to be mesotrophic)

the rating is reduced at high chlorophyll concentrations and at low chlorophyll

concentrations if an environmental factor (e.g.) turbidity, toxicity) retention time) inhibits

primary production. A slidingscale is used to evaluate the seasonal average chlorophyll

concentration for each reservoir class. (See Section 3.0 for details.)

Sediment quality - Initially, the scoring criteria for sediment quality was based

two components: sediment toxicity tests and sediment chemical analyses for ammonia,

heavy metals, pesticides, and PCBs. Since 1995) the sediment quality scoring criteria have

been based only on sediment analyses for metals (As) Cd) Cr, Cu, Pb, Hg) Ni) and Zn),

organochlorine pesticides) and PCBs. Sediment toxicity tests were discontinued primarily



because of budget reductions, but also because frequent changes in toxicity testing

methods made year-to-year comparisons difficult. The sediment quality rating compares

results for metals analyses to sedimentguidelineswe adapted from EPA Region 5 (EPA,

1977). Presence of any of the organic analytes is deemed undesirable so results are

compared to laboratory detection limits. If none of the metals exceed these guidelines and

no PCBs or pesticides are detected, the site would receive the highest sediment quality

rating. Occurrences of analytes above these standards lowers the rating. (See Section 4.0

for details.)

Benthic Macroinvertebrates - Seven metrics or characteristics are used to

evaluate the benthic macroinvertebrates in all reservoirs. Scoring criteria for each metric

were developed from the data base on TVA reservoirs. The benthic macroinvertebrate

score is the total of these seven metrics. Some specificmetrics vary between run-of-river

reservoirs and tributary reservoirs due to differencesin thermal stratification and dissolved

oxygen concentrations. (See Section 5.0 for details.)

Fish Assemblage - Twelve metrics or characteristics are used to derived the

Reservoir Fish AssemblageIndex (RFAI) described in Hickman and McDonough (1995).

The same 12 metrics are used for all classes of reservoirs although specific scoring ranges

for each metric varies by reservoir class. (See Section 6.0 for details.)

The ecological health scoring process is designed such that four of the indicators (DO,

chlorophyll-a,benthos, and fish) are given equal weights with each indicator assigned a rating

ranging from 1 (poor) to 5 (excellent). The fifth indicator, sediment quality, is given half the

weight of the other indicators and assigned a rating ranging from 0.5 (poor) to 2.5 (excellent).

(Note: Prior to 1995, sediment qualityhad been rated on the 1 to 5 range, same as the other

indicators. But, discontinuance of sediment toxicity testing, which had contributed half the

sediment quality rating, resulted in the rating for this indicator being reduced by one half).

Ratings for the five indicators are summedfor each site. Thus, the maximumtotal rating for a

sample site would be 22.5 (all indicators excellent) and the minimum4.5 (all indicators poor).

To arrive at an overall health evaluationfor a reservoir, the sum of the ratings from all

sites are totaled, dividedby the maximumpossible rating for that reservoir, and expressed as a.

percentage. It is necessary to use a percentage basis because the number of sites monitored varies
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according to reservoir size and configuration. Only one site, the forebay, is sampled in small

tributary reservoirs, and up to four sites (forebay, transition zone, inflow, and embayment)are

sampled in selected run-of-the-river reservoirs. Also, the number of indicators varies trom three

to five at different sites. Chlorophyll and sediment quality are excluded at the inflows on run-of-

the-river reservoirs because in situ plankton production of chlorophyll does not occur significantly

in that part of a reservoir and because sediments do not accumulate there. As a result, the number

of scoring possibilities may be as few as 5 indicator ratings for a small reservoir sampled only at

the forebay. Or, as many as 18 indicator ratings for a large reservoir sampled at the forebay,

transition zone, inflow, and embayment. The total score for the small reservoir would be 22.5 if

all indicators rated excellent, whereas, the total score for the large reservoir would be 82.5 if all

indicators rated excellent. Hence, using a percentage basis allows easier comparison among

reservOIrs.

This approach provides a potential range of scores trom 22 to 100 percent and applies

to all reservoirs regardless of the number of indicators or sample sites. To complete the

ecological health scoring process, the 22-100 percent scoring range must be divided into

categories representing good, fair, and poor ecological health conditions.

As with other elements of this program, this has proven to be a challengingissue. The
.

obvious approach would be to follow the same process as that used for individualindicators.

Basically, this would mean trisecting the range between 22 and 100 and designating the three

categories that result as good, fair, and poor. In attempting to use this approach we found that

virtually all our reservoirs fell into the fair category - nonerated poor andonlya few rated

good. This was not acceptable because there was such a large difference between reservoir

conditions at the upper and lower ends of the fair range. We carefully examinedthe conditions

which existed in each reservoir and were generally comfortable with the separation between fair

and good categories, with only minor adjustment. However, the reservoirs at the lower end of the

range exhibited conditions which we felt were truly representative of poor reservoir conditions.

As a result, we initiallymade a subjective decision and adjusted the low end of the fair range up so

that reservoirs with poor conditions actually rated poor. Originally,this adjustment differed

between run-of-river reservoirs and tributary reservoirs.



The scoring ranges which resulted from this initialeffort were used with slight

modificationfrom 1991 through 1997 and are shown below.

Run-of-the-River Reservoirs
Poor Fair Good
<52 52-72 >72

Tributary. Storage Reservoirs
Poor Fair Good
<57 57-72 >72

A slightlydifferenceapproach to determine reservoir scoring ranges was

instituted prior to evaluating the 1998results and continued in 1999. One of the primary

factors driving this change the absence of a justification for the differencein the poor

range between the run-of-river reservoirs and tributary reservoirs. The scoring system

itself should account for any differences if appropriate adjustments are made to scoring

criteria for individualmetrics for each indicator. If this is accomplished,final ecological

health scores for reservoirs should be comparable, regardless of whether they are run-of-

the river reservoir or tributary reservoirs.

The approach used was to first obtain a five-yearaverage ecological health

score for each reservoir. The average scores were then plotted and examinedfor natural

breaks which coincided with known lake condition and which did not differ substantially

that the previously used scoring ranges. The trisection of these average scores is shown in

Figure 1 and summarized below. Incorporation of 1999results and refiguringthe five-

year average did not change the trisection points.

Scoring Ranges for AllReservoirs in 1998 and 1999
Poor Fair Good
<59 59-72 >72

An example that illustrates the overall reservoir health evaluation methodology is

presented in Table 1 for Fort Loudoun Reservoir.

Reservoir Ecolo2:icalConditions-1999 Results

Meteorology and Hydrology - Meteorological conditions (sunlight, cloud cover, and the

amount, frequency, and seasonal distribution of rainfall)significantlyaffect the hydrology (flows

and retention times) and ecological conditions in reservoirs. As meteorology varies from year to

year, so do its effects on reservoir hydrology and ecology.



Figure 2 shows the relative flow contributed by each of the major tributary rivers to the

Tennessee River. Water quality characteristics vary greatly among these tributaries because of

differences in geology, rainfall, and land use patterns among watersheds. For example, the French

Broad and Holston rivers are moderately hard and rich in nutrients; 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,

especially in phosphorus.

Like most years, 1999 had its share of meteorological extremes for both air temperatures

and rainfall. In general, the year was characterized by hot and dry conditions. Eleven of the 12

months were warmer than normal (Figure 3), and nine months received less rain fall than normal.

January and February were extremely mild (5 to 7°F above normal), ranking the 1998-1999

winter one of the warmest on record. March was the only month to be copIer than normal (by

almost 4°F). April, July, August, November, and December were 2 to 4°F above normal,

whereas May, June, September, and October were only slightlyabove normal (less than 0.5°F).

Rainfall patterns likewise exhibited extremes in 1999. A dry pattern persisted most of the

year for the Tennessee Valley. Precipitation for the year was 40.4 inches or about 11 inches

below the 100 year mean of 51.3 inches. Only two months (January and June) had above normal
.

rainfall (Figures 4 and 4a). January was by far the wettest month of the year with an average of

almost 8 inches of rain across the Tennessee Valley and greater amounts in some areas.

The ensuing period trom February through May was much dryer than normal, which

hindered filling of TVA reservoirs. Although individual storm events of 1 to 3 inches occurred

during most of these months, these stonns were generally isolated and as a result rainfall totals for

each month were below normal. Of note was one strong stonn event in early May which

produced most of the rainfall for the entire month. That stonn was particularly significant

because it produced sufficient runoff to allow reservoir levels to rise an average of 4.4 feet over a

7 days period, with the most substantial rises at Fontana (11.8 feet), Hiwassee (9.1 feet), and

Douglas (6.1 feet). Spillway releases were necessary on the lower portions of the main river

despite minimum releases trom the tributary projects and storing water above normal summer

maximum levels at Fort Loudoun, Watts Bar, and Chickamauga.
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The dry pattern returned in June with most rainfallgages receiving less than 2 inches of

rain for most of the month. The pattern changed the last week of June when dailystorms

produced heavy rainfalltotals. These storms provided enough rainfallto push the June total trom

2 inches below normal before the week started to about one inch above normal by the end of

June. The east central part of the basin received over two inches on June 24 and 25th. In the west

and southwest basins, a storm June 28thbrought three inch plus storm totals. This heavy rain in

late June provided much needed water to the reservoir system.

Rainfall for July was almost two inches below normal below Chattanooga but near normal

above Chattanooga due to afternoon convection rains in the mountains typical for July. There

were only two rain events in July which were valley-wide. Otherwise, there were only localized

events, a few of which were produced heavy rains. The last two weeks were dry with many sites

below Chattanooga getting less than 0.5 inches.

The dry weather continued for the rest of 1999. August had the largest rainfalldeficit for

the year (3 inches below normal). Rainfallgages in the west and southwest portions of the

Tennessee Valley recorded no rainfallwhile most stations recorded less than 0.5 inches during

August. Substantial rainfalldeficits existed during the other months also. In fact, this was the

driest August-December period during the 1900's for the Tennessee Valley. The entire basin total

trom August to December 1999 was 10.0 incheswhich is 9.0 inches below the 100year mean of

19.1 inches. By the end of 1999, reservoirs were at the lowest levels in the past 10 years due to

the dry weather.

Although rainfall is an important consideration in evaluatingmeteorological influences on

reservoir condition, what reallymatters is the runoff it produces. Runoff is greatest in high

intensity rainfallevents, especiallyif the ground is already saturated and spring growth of foliage

has not yet occurred. Foliage increases surface area which enhances evaporation, and significant

amounts of water move back to the atmosphere via plant transpiration.

On an average annual basis, runoff is highest January through early April and lowest

August through October (Figure 5). The naturally low summertimerunoff usually results in

reduced stream flows which in turn decrease flows in the receivingreservoirs and thereby increase

retention times. Retention time has a direct influenceon physical,chemical, and biological

conditions in reservoirs. Some of these effects are stressful to aquatic life. For example, lower



reservoir flows allow stronger thermal stratification to develop. This in turn limits mixing of the

water column diminishingreaeration and causing lower dissolved oxygen concentrations in

bottom waters. Naturally warmer summer water temperatures further lower oxygen

concentrations due to lower solubility of oxygen and higher rates of respiration and

decomposition. In addition, low stream flows help to diminishturbidity and increase water

clarity. In reservoirs in which algal productivity is not nutrient limited, which is typically the case

for reservoirs on the main stem Tennessee River, greater water clarity means more light available

for photosynthesis and higher algal populations.

As would be expected, the lack of rainfalldescribed above resulted in less runoff than

normal for the Valley during 1999. Total runoff for the year was 17.5 inches which is 5.2 inches

below the 100 year mean of22.7 inches (Figure 5a). As a result, reservoir flows were much

lower than normal and retention times were much longer in 1999 than in years with more normal

amounts of rainfall (Table 5). For example, the long-term average flow through Kentucky Dam

(the downstream-most dam on the Tennessee River) is 66,850 cfs, whereas the flow in 1999 was

only 48,000 cfs. Comparable low flows and increased retention times were experienced in

reservoirs throughout the Tennessee Valley.

Periodicity of rainfall and resultant runoff is also an important factor. Of particular
.

interest in 1999 were the storms in early May and late June. Both produced substantial runoff

and, hence, provided much needed water to help fill the reservoirs and augment flows throughout

the system. But, on the other hand, both would have introduced substantial nutrients to stimulate

algal growth.

Clearly, the hot dry conditions in 1999 compounded by periodic heavy rainfall set the

stage for potentially undesirable ecological conditions - too much algal productivity and low

dissolved oxygen levels. As seen below, these conditions were manifested in several reservoirs.

Some had the highest chlorophyll levels found to date. Also, some reservoirs which usually do

not suffer trom low dissolved oxygen levels did so in 1999.

Physical/ChemicaI/Biological Conditions'in 1999 - Full Vital Signs monitoring was

conducted on 18 reservoirs (total of33 sites) in 1999. Additional monitoring was conducted on

several other reservoirs using selected Vital Signs Monitoring tools in 1999 to meet specific needs



(Table 2). These additional results are provided in the specific sections of this report as a means

for making them available,but Reservoir Ecological Health scores were not developed for them.

The summarybelow clearly shows the negative influencesof meteorological conditions in

1999, especiallyfor chlorophylland DO concentrations. Seasonal average chlorophyll

concentrations were higher in 1999 than in previous years at 22 of the 33 sites monitored. Also, a

greater amount of water with low DO concentrations occurred at 9 of the 33 sites in 1999.

Results for the other three indicators were similar in 1999 compared to past years. These

indicators are not expected to vary greatly due to seasonal influences,unless those influencesare

severe. Rather, they were selected to be more representative of more long-term changes.

Results for Each Indicator in 1999 Comt ared to Previous Years
"Worse" # of Sites With "Better"

Indicator Condition No Change Condition Total Sites
Chlorophyll 22 11 0 33

DO 9 24 0 33
Fish 4 33 1 38

Benthos 4 30 4 38
Sediment 2 30 1 33

Notes: "Worse Conditions," ''No Change," and "Better Conditions" were determined as follows:. For Chlorophyll,the ''No Change"columnrepresentsthe numberof sitesinwhichthe 1999
seasonalaveragechlorophylconcentrationwas+/-20%of the long-termseasonalaverage.
"WorseCondition"was designatedfor siteswhichhadhigherchlorophyllconcentrationsand
"BetterCondition"for siteswithlowerconcentrationsthanin the past.. For Dissolved,the "No Change"columnrepresentsthe numberof sitesinwhichthe
proportionof the watercolumnwithDO concentration<2.0mg/lin 1999was+/- 5%ofthe
long-termaverage."WorseCondition"was exemplifiedbyan increasein the amountof water
withlowDO concentrationsand"BetterCondition"by a decreasein thisamount.. For Fish,the ''No Change"columnis representedby a 1999indexscorewhichis+/- 9 points
of the long-termaveragescore."WorseCondition"wasexemplifiedbylowerscoresand
"BetterCondition"byhigherscores.. For Benthos,the "No Change"columnis representedby a 1999indexscorewhichis +/- 5
pointsof the long-termaveragescore. "WorseCondition"wasexemplifiedby lowerscores
and"BetterCondition"byhigherscores.

. For Sediment Quality, the "No Change" column is represented by a perusal of results for all
years looking for notable increases or decreases in the number of pollutants above a
predetermined concentration. "Worse Condition" was exemplifiedby an increase in the
number of pollutants and "Better Condition" by a decrease in the number of pollutants.



Phytoplankton productivity in TVA reservoirs (as measured by chlorophyll concentrations

in this monitoring program) is usually limited by a combination of three factors - nutrients, light,

and retention time. In tributary reservoirs retention time is rarely a limitingfactor because they

have such a large volume relative to their inflow rate, which creates long retention times (100 -
300 days; Table 5). Longer retention times allow suspended particles to settle, increasing water

clarity. As a result, light availability,which often limits algal productivity in main stream

reservoirs, is rarely a problem during the summer in tributary reservoirs. Consequently, nutrient

availability usually is the limitingfactor in tributary reservoirs.

The heavy rainfall/runoff events in May and late June 1999 tended to supply and replenish

ample amounts of nutrients. This tended to enhance algal productivity during spring and early

sununer. However, as runoff decreased during the dry summer/autumn period, algal productivity

decreased in many reservoirs due to nutrient depletion, despite increased water clarity and

retention time.

Most (6 of9) of the reservoir sites which exhibitedan increased amount oflow DOs in

1999 were in tributary reservoirs and known to have DO problems regardless of meteorological

conditions. However, two of the sites were forebays of run-of-the-river reservoirs - Fort

Loudoun and Wheeler - and experience DO problems only in low flow years. The remaining site
,

was on Chatuge Reservoir (a tributary reservoir). Low DOs at that site had been previously

found only in 1998, which was also a hot, dry year.

In sununary, ratings for three of the five ecological indicators (sediment quality, benthos,

and fish) were generally about the same as in past years. Ratings for chlorophyll and DO were

generally poorer in 1999 compared to previous years. Data and ratings for each of these

indicators are sununarized in Sections 2 through 6 ofthis document.

Reservoir Ecological Health Scores for 1999 - Combiningall the aquatic ecosystem

indicator ratings to determine the overall ecological health for each of the 18 reservoirs sampled in

1999 shows the following:

· 4 of the 18 rated good (2 run-of-river reservoirs and 2 tributary reservoirs);

· 6 of the 18 rated fair (3 run-of-river reservoirs and 3 tributary reservoirs); and

· 8 of the 18 rated poor (1 run-of-river reservoir and 7 tributary reservoirs).



The ecological health ratings for all reservoirs sampled in 1998 and/or 1999 are presented

by classificationunit in Table 3 and Figure 6. Main stem reservoirs scored higher (as in previous

years) than any other class of reservoirs, while none of the reservoirs in the Interior Plateau

Ecoregion scored better than fair. Comparisons of reservoir ecological health ratings with

previous years (Table 4) shows that 12 of the 18 reservoirs sampled in 1999 scored within seven

points of their long term average, 1 scored higher, and 5 scored lower than their long term

average. The primary basis of selecting+/- 7 points to indicate comparabilityamong years was

that it spans the full scoring range of the fair category «59 = Poor /59-72 = Fair/ >72 = Good).

Professionaljudgment was also a consideration in this selection with special attention to the

expected variation in the overall score as well as for the five indicators which constitute that

score. Long-term is defined as the period for each reservoir for which comparable

methods/locations exist thereby providing a true apples-to-apples comparison. Generally,this

period was 1994 - 1999.

A summaryof Vital Signs Monitoring results for each reservoir in 1999 is provided in

Appendix A Differences between 1999 and previous years are discussed and explained to the

extent possible. Appendix A also includes ecological health scores for allyears for which Vital

Signs Monitoring data exist. Scores are provided as reported (calculated based on the methods in

use at the time they were originallyreported) and based on the latest (1999) scoring methods.

Important physical and operational characteristics of reservoirs and the dams that control

them are summarized in Table 5.



References
Dycus, D.L., D.L. Meinert, and T. F. Baker. 1999. "Aquatic Ecological Detenninations for TVA
Reservoirs-1998. An Informal Summary of 1998 Vital SignsMonitoring Results and Ecological
Health Detennination Methods." August 1999. Tennessee Valley Authority, River Operations,
1101 Market St. (CST 17-D) Chattanooga, TN. 37402

Dycus, D.L., and D.L. Meinert. 1998. "Aquatic Ecological Determinations for TVA
Reservoirs-1997. An Informal Summary of 1997 Vital SignsMonitoring Results and Ecological
Health Detennination Methods." April 1998. Tennessee ValleyAuthority, Water Management,
1101 Market St. (CST 17-D) Chattanooga, TN. 37402

Dycus, D.L., and D.L. Meinert. 1996. "Aquatic Ecological Detenninations for TVA
Reservoirs-1995. An Informal Summary of 1995 Vital Signs Monitoring Results and Ecological
Health Detennination Methods." April 1996. Tennessee Valley Authority, Water Management,
1101 Market St. (CST 17-D) Chattanooga, TN. 37402

EPA, 1977. "Guidelines for the Pollutional Classificationof Great Lakes Harbor Sediments."
USEPA, Region V, Chicago.

Hickman, G. D., and T. A. McDonough. 1995. "Assessing the Reservoir Fish Assemblage Index
-A Potential Measure of Reservoir Quality." Published in Proceedings of Third National
Reservoir Symposium, June 1995. American Fisheries Association. D. DeVries, Editor.

Meinert, DL., S.R. Butkus, and T.A. McDonough. 1992. "Chickamauga Reservoir Embayment
Study - 1990." TVNWR-92/28. TennesseeValleyAuthority,WaterManagement,1101Market
St. (CST 17-D).Chattanooga, TN. 37402



Table 1. Computional Method for Evaluation of Reservoir Health;
Fort Loudounl Reservoir --1999 (Run-of-the-RiverReservoir)

Aquatic Health Indicators Observations Ratings
Forebay Transition Inflow Forebay Transition I Inflow

Chlorophyll-a 1.0 (poor) 1.0 NoRating
Summer Average, ugll 21.0 20.5 No Sample (p<:1O.)
Ma><imum Concentration 24.0 47.0 No Sample

Dissolved Oxygen 1.5 (poor) 5.0 (good) NoRating
Percent less than 2 mgll :

X-SectionalArea 10.8 (1) 0(5) No Sample
BottomX-SectionalLength 21.5 (2) 0(5) No Sample

Sediment Quality 1.5(fair) 1.0(poor) NoRating
PCBs, Zinc, PCBs,

Metals/Pesticides/PCBs Chlordane Chlordane NoSample

Benthic Community 1 (poor) 3 (fair) 1 (poor)
Total Score - Seven Metrics 9 19 7

Fish Community 4 (good) 3 (fair) 4 (good)
Total Score -Twelve Metrics 46 40 46

Sampling Location Sum 9.00f22.5 13.0 of 22.5 5.0 of 10
Reservoir Sum 27.0 of 55 (49%)
Overall Reservoir Evaluation "poor"

Overall ReservoirEvaluationKey:
less than 59 % -- poor (red)
59 % to 72 % .. fair (yellow)
Greater than 72 % -- good (green)



Table 2, Reservoir Vital Signs Monitoring Activities, 1999

Pickwlck'
'.:.:. .: :.: ~,.

TRM 207.3 M t'::}t:~:rt)r:'::,:::::::t:i'::l::::r::r::r':::wnr:(:)
TRM 230.0 M :::;,:':::::)ii(tt:i:it:titAt'j:j,t:ttttt,).i:titW'.
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.. ~..~.........................
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Wheeler TRM 277.0 S.I,F
TRM 295.9
TRM 347-348
Elk River 6.0 A

M
M

A
A

A
A
A
A

A"
A.
A.
A.M

Guntersvllle' TRM 350.0 M i:?::':::m\Miiti':Jiii::i'M::::::i:mi':miiiji:=:i~'jFitt:i
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Fort Loudoun

Tellico

Melton HiII7 CRM 24.0 M !I:I:::I~I:i::::i::::::j:j\:::,:K:::::}i::.,::,,):{}SMbI

:~AM:~~$::,.:::,:(::::t":::tHt::rm{:r'i:i:i::i::iii::':Ii:i.i:i:i:i:i:i:i:i::::':::":':::~::::::::.,::;:i:;:..:i::.i::.i:i:~:il:::~::ii:::i

SamDllna Schedule (Monthlv or Annual)
Water Sediment

Chemistry Chemistry Benthos Fish

M
M 1I:11:I:iijllllllii:I.I:I:il!lllIfrilfll:I'j:il:I::,!'liIllill(f:11:II:j.lllil,I'j;

M A A A

M
M
M

A
A
A

A
A
A

A
A
A
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A A A

~::::::::::W1.:II::::i:j::::::::::::(Ii*II:IIj!Ii:::Mi:I::j:i::::::
:?':':'t:':~tttt:r','t:tM:'t,r:t:::l:::rt~':rr't:'.............................................................

:01~:~:i~~::.:.::::i::.i.:.:.::j:I;;:\~:lii.i.J::::::.i::::.i.:ii::::i.:.:.::.::.::~.::.i::::::.ji::jJ:...::i~::~.:..i!.i::.i.!.i::::.::ji:.!I:i:il::::::.::j:J!:.:;:i:i:l!i:!::iiiiJ~:::!J.:::i:.::,..' . . .......--.........................

l,j~ffujfj'#y: :'::":::,rJm~\.tm~&j:::~:~:m::lr:::ttitJJ:'... A':::',::'i:,:tr/tMit'i:r:tiw,ttiiritt:::

Beech2 .,,).:) '¥ ',:/im:,}rrj:jW:{':j1j:lmmr::i",lN{:m{::::BRM36.0 M

Footnotes: 'FIsh T,ssue Site -5 CHC and 5 LMB

1=WQ Moniloring to suppon ADEM Tributary Nutrient "FIsh TissUBSite -5 CHC

,>ading Study, tull VS Monitoring not conducted "'FIsh T,ssue Site -5 CHC and 5 '

'Q Monitoring initiated onMay due to drought Frsh Tussye Sile .10 CHC

oditlons;lull VS Monitoring not conducted (M).Monthly. April.October (A).Annual.
I S.B,F = QA Samples.. S=Sediment; B=Benthos; F=Fi~h 2~iia~-aib:ii!\i~W~~_~'W~~g!f:J

SamDlinlJSchedule(MonthlvorAnnual)
Water Sediment

Reservoir RiverMile Chemistry Chemistry Benthos Fish

Kentucky TRM23.0 M A A A.
TRM85.0 M A A A.
TRM 200-206 A A.
Big Sandy7.4 M A A A.

Nickajack TRM 425.5 M A A AU

TRM 469-470 I,F A A...

Chickamuaga TRM 472.3 M A A A.

TRM 490.5 S.I,F M A A A.
TRM 518-529 - A A.
Hlwassee 8.5 M A A A.

TRM 605.5 M A A A
TRM 624.6 M A A A....

TRM 652 A A

LTRM 1.0 M A A AU
LTRM 15.0 M A A A.'

Norris CRM 80.0 M A A A
CRM 125.0 M A A A

PRM 30.0 S.B.F M A A A

]s FBRM 34.5 I.' M A A A'

FBRM 51.0 M A A A.

Reservoir River Mile

Cherokee2 HRM 53/65.0
HRM 76.0

FI.Pat Henry SFHR 8.7

Boone SFHR19.0
SFHR 27.0
WRM 6.5

South Hoislon7 SFHR 51.0

SFHR 62.5

Apalachla HiRM 67.0 M

Hlwassee2 HIRM 77/77.6 M
HiRM 85.0 M

Chatuge HiRM 122.0 M

Shooting Cr 1.5 M

Nottely NRM 23.5 M
NRM 31.0 M

Blue Ridge ToRM 54.1 S.I.F M

Ocoee No.1 ORM 12.5 M

A A A
A A A

A A A
A A A

A A A

A A A.

Bear Creek BCM 75.0 S,B.F M A A A.

L. Bear Creek LBCM 12.5 M A A A.

Cedar Creek CCM 25.2 M A A A.
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Table 3. Ecological Health Scores for Reservoirs Monitored in 1998 and 1999
(AUScoring Based on the Latest, 1999, Criteria)

Reservoir 1997 ScorelRatin2 1998 ScorelRatin' 1999 ScorelRatin2

Reservoir Class: Mainstream Reservoirs
Kentucky 78 -Good NS 72 -Fair
Pickwick NS 75 - Good NS
WIlson NS 78 -Good NS
Wheeler 75 -Good NS 60 -Fair
Guntersville NS 84 - Good NS
Nickaiack 88 -Good NS 85 -Good
Chickamauga 86 -Good NS 82 -Good
Watts Bar 67 -Fair NS
Ft. Loudoun 57- Fair 62- Fair 49- Poor
Tellico 62- Fair NS 59- Fair
Melton Hill NS 70- Fair NS

Reservoir Class: Rid2e and VallevEcore2ion
Norris 67 -Fair NS 70 -Fair
Douglas 54 -Poor NS 56 -Poor
Cherokee NS 50 -Poor NS
Ft. Pat. Henry 56 - Poor NS 56 - Poor
Boone 55 - Poor NS 39 - Poor
SouthHolston NS 54 -Poor NS
Watauga NS 60 -Fair NS

Reservoir Class: BlueRid2e Ecore2ion
Apalachia 69-Good 61 - Fair 59- Fair
Hiwassee NS 69 - Fair NS
Chatuge NS 49 - Poor 49 - Poor
BlueRidge 82 - Good NS 84 - Good
Parksville 67 - Fair NS 58- Poor
Nottelv 48- Poor NS 48- Poor
Fontana NS 69- Fair NS

Reservoir Class: Interior Plateau Ecoreion
TintsFord NS 49 -Poor NS
Nonnandv NS 63 -Fair NS
Bear 42 -Poor NS 52 -Poor
LittleBear 64 -Fair NS 69 -Fair
Cedar 69 -Fair NS 73 -Good
Beech NS 53 -Poor NS



Table 4. Reservoir Ecological Health Scores for 1999 Comapredto HistoricMeanfor 199X*- 1998

Res.Eco. HealthRating,as reported Res.Eco.Healthon 1999Criteria
Historic

WatershedI Reservoir 1991 1992 1993 1994 1995 1996 1997 1998 1999 1991**1992**1993** 1994 1995 1996 1997 1998 Mean* 1999

KentuckyRes.Watershed
Kentucky Reservoir 77 88 75 71 74 N/A 78 N/A 72 69 87 81 74 71 N/A 78 N/A 74 72
Beech Reservoir N/A N/A 65 56 46 51 N/A 53 "_ N/A N/A N/A 69 54 50 51 N/A 53 52 N/A

Duck River Watershed

Normandy Reservoir N/A N/A 56 68 59 69 N/A 63 N/A N/A N/A 62 64 59 69 N/A 63 64 N/A

PickwickIWilson Watershed
Pickwick Reservoir 77 75 73 84 N/A 73 N/A 75 N/A 77 80 70 81 N/A 72 N/A 74 76 N/A
Wilson Reservoir 60 68 71 71 N/A 75 N/A 78 N/A 58 67 76 70 N/A 75 N/A 78 74 N/A
Bear Creek Resrvoir N/A N/A 60 56 46 47 42 N/A 52 N/A N/A 64 60 51 47 42 N/A 50 52
Little Bear Creek Res. N/A N/A 64 64 69 64 64 N/A 69 N/A N/A 68 64 64 64 64 N/A 64 69
Cedar Creek Reservoir N/A N/A 56 80 60 64 69 N/A 73 N/A N/A 64 72 60 64 69 N/A 66 73

Wheeler/Elk Watershed
Wheeler Reservoir 89 80 72 75 69 N/A 76 N/A

.
70 76 72 74 68 N/A 75 N/A 72 "S9

Tims Ford Reservoir N/A 60 58 58 56 53 N/A 49 N/A N/A 63 60 58 56 53 N/A 49 54 N/A

Guntersvilie/Sequatchie WS
Guntersville Reservoir 66 83 78 83 N/A 86 N/A 84 N/A 84 85 79 81 N/A 86 N/A 82 83 N/A

NickajacklChickamauga
Nickajack Reservoir 89 83 88 90 92 N/A 88 N/A 85 87 81 87 91 89 N/A 88 N/A 89 85
Chickamauga Res. 90 73 83 87 81 N/A 88 N/A 82 83 88 86 85 78 N/A 86 N/A 83 82

Hiwassee River Watershed
Hiwassee Reservoir 82 69 58 68 N/A 62 N/A 69 N/A 72 71 69 62 N/A 62 N/A 67 64 N/A
Chatuge Reservoir 60 56 67 77 N/A 84 N/A 52 49 59 79 79 72 N/A 78 N/A 49 66 49
Nottely Reservoir 60 60 64 56 47 N/A 48 N/A 48 60 61 62 56 49 N/A 48 N/A 51 48
Blue Ridge Reservoir 87 73 72 86 84 N/A 82 N/A 84 87 83 91 80 84 N/A 82 N/A 82 84
Ocoee No. 1 Reservoir 47 53 52 60 71 N/A 71 N/A 58 74 74 67 67 67 N/A 67 N/A 67 58
Apalachia N/A N/A N/A N/A N/A N/A 73 66 59 N/A N/A N/A N/A N/A N/A 69 61 65 59

* The time period included in the Historic Mean varies by reservoir due to varing periods of consistent record - monitoring was not initiated on all
reservoirs at the same time and sample locations within certain reservoirs have been moved. I I I

** 1991,1992,and 1993arescoredon 1999criteriafor 4 of the 5 Indicators.A changein processingof benthic macroinvertebratesamples
beginningin 1994prevents appropriatescoringof the earlierresultson the lattercriteria. I I



Table 4. cont. Reservoir Ecological Health Score tOr 1999 Compared to Historic Mean for 199X. - 1998

Res. Eco Health Rating, as reported Res. Eco. Health on 1999 Criteria
Historic

Watershed I Reservoir 1991 1992 1993 1994 1995 1996 1997 1998 1999 1991** 1992** 1993** 1994 1995 1996 1997 1998 Mean. 1999

Watts Bar/Ft. Loud.lMel. Hill
Watts Bar Reservoir 69 71 68 79 N/A 68 N/A 67 N/A 72 79 76 72 N/A 68 N/A 64 68 N/A
Fort Loudoun Reservoir 60 53 58 61 49 52 58 64 49 63 63 56 62 47 52 57 62 56 49
Melton Hill Reserovir 80 67 68 72 N/A 73 N/A 70 N/A 67 65 66 71 N/A 69 N/A 69 70 N/A

Clinch/Powell Watershed
Norris Reservoir 57 67 67 69 60 N/A 64 N/A 70 71 72 69 66 61 N/A 67 N/A 65 70

L' Tenn. River Watershed
Tellico Reservoir 48 48 63 71 53 N/A 62 N/A 59 61 57 63 72 53 N/A 62 N/A 62 59
Fontana Reservoir N/A N/A 64 67 72 62 N/A 69 N/A N/A N/A 71 77 72 62 N/A 68 70 N/A

French Broad River WS
Douglas Reservoir 42 56 58 64 45 N/A 54 N/A 56 60 54 60 62 45 N/A 54 N/A 54 56

Holston River Watershed
Cherokee Reservoir 50 53 64 53 51 49 N/A 50 N/A 57 57 66 51 54 49 N/A 50 51 N/A
Fort Pat. Henrv Res. N/A N/A 72 60 51 59 56 N/A 56 N/A N/A 86 60 51 55 56 N/A 56 56-
Boone Reservior 51 64 59 59 49 N/A 55 N/A 39 53 58 56 55 N/A 53 3963 49 N/A
South Holston Res. 60 57 65 66 N/A 55 N/A 54 N/A 63 59 66 66 N/A 55 N/A 52 58 N/A
Watauga Reservor 80 57 61 65 N/A 72 N/A 60 N/A 75 72 63 63 N/A 72 N/A 58 64 N/A

· The time period included in the Historic Mean varies by reservoir due to varing periods of consistent record --monitoring was not initiated on all
reservoirs at the same time and sample locations within certain reservoirs have been moved. I I I I

.. 1991, 1992,and 1993arescoredon 1999criteriafor4 of the 5 indicators.A changeInprocessingof benthic macroinvertebratesamples
beainnlna In 1994 prevents appropriate scorina of the earlier results on the latter criteria. T I I I



Reservoir
Name

Kentucky
Pickwick
Wilson
Wheeler
Guntersville

Nickajack
Chickamauga
Watts Bar
Fort Loudoun
Melton Hill

Tellico

'-.,..
~;

Table 5. Characteristics of VitalSigns Reservoirs

Depth
at Dam8

Average
Annual

Drawdownb

160.3
43.1
15.5
67.1
67.9
10.7
35.4

39
14.6
5.7

16.5

88
84.

108
66
65
60
83

105
94
69
80

2,839
924
634

1,050
1,018

241
628

1,010
363
120
415

Average
Reservoir

Flow -POR

Thru 1999

(cfs

5
6
3
6
2
o
7
6
6
o
6

66,853
55,772
52,314
50,468
41,643
36,895
34,812
27,606
18,882
5,089

6,1808

Drainage Reservoir Surface

Area Length8 Area8
(sq. miles) (miles) (acres x K

Run-of-the-River Reservoirs

40,200 184.3
32,820 52.7
30,750 15.5
29,590 74.1
24,450 75.7
21,870 46.3
20,790 58.9
17,300 72.0/24.0c
9,550 50
3,343 44

2,627 33.2
Tributary River Reservoirs

Norris 2,912 73.0/53.0c 34.2 202 2,040 32
Douglas 4,541 43.1 30.4 127 1,408 48
Cherokee 3,428 54 30.3 163 1,481 28
Ft Patrick Henry 1,903 10.4 0.9 81 27 0
Boone 1,840 17.4/15.3c 4.3 129 189 25
South Holston 703 23.7 7.6 239 658 33

Watauga 468 16.3 6.4 274 569 26
Fontana 1,571 29 10.6 460 1,420 64
Hlwassee 968 22.2 6.1 255 422 45

Chatuge 189 13 7.1 124 234 10
Nottely 214 20.2 4.2 167 170 24
Parksville 595 7.5 1.9 115 85 7

Blue Ridge 232 11 3.3 156 193 36
Tims Ford 529 34.2 10.6 143 530 12

Bear Creek 232 16 0.7 74 10 118
Cedar Creek 179 9 4.2 79 94 148

Little Bear Creek 61 7.1 1.6 82 45 128

Normandy 195 17 3.2 83 110 11
Beech 16 5.3 0.9 32 11 18

Footnotes: a. Estimates based on normal maximun pool; b. Tennessee River System Operations and Planning Review, Final EIS, TVAlRDG/EQS-9111, 1990;
c. Major arms of reservoir; d. Estimated flow based on releases from Chilhowee Dam and adjusted based on drainage area between Chilhowee and Tellico Dams;
e. e.,tirnated based on difference between normal maximum summer pool and p' '''!rageminimum winter pool elevations.

4,269
6,779
4,580
2,667
2559

984
717

3,944
2068

461
416

1419

611
979
405

310

108
345

Average
Reservoir

Flow

CY 1999

cfs

48,048
42,922

40,580
40,222
32,874
26,273
26,190

20,476
14,589
3,202
51218

2,570
4,841
2,735
1,613

1,542
549
443

3,326
2,292

324
251
861
326
846
385

250

90
362

Average
Hydraulic

Residence Time

Jan-Dec 19998
Davs

Average
Hydraulic

Residence Time

April-Sept 1999B
Davs

29.8
10.9
7.9

13.2
15.6
4.6

12.1
24.9
12.5
18.9
40.9

45.2
15.2
10.8
17.6
19.6
5.6

14.5

28.7
14.2
22.9

46.0

400.2
146.6
273.0

8.4

61.8
604.3
647.6
215.2

92.8
364.1

341.5
49.8

298.5
315.8

13.1

189.6

252.1
153.2

471.0
163.4
305.0

8.5

61.8

537.8
510.4
240.2

69.9
404.0

439.5
50.8

281.8
609.6

22.4

460.1

487.9
219.8
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Figure 2. Average Annual Tennessee River Flows Showing Contributions of Major
Tributaries andLocal Inflows.
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Figure 4. PRECIPITATION DEPARTURES FROM LONG-TERM MEAN (1899-1998)
FOR THE TENNESSEE RIVER BASIN
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Figure 4a. PRECIPITATION FOR THE TENNESSEE RIVER BASIN -1999
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Figure 5. RUNOFF DEPARTURES FROM LONG-TERM MEAN (1899-1998)
FOR THE TENNESSEE RIVER BASIN ABOVE KENTUCKY DAM
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Figure 5a. RUNOFF ABOVE KENTUCKY DAM -1999
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Section 2. Dissolved Oxv2:en (DO)

Philosoohical AooroachlBack2:round

Oxygen is vital for life. In situations where funding is limited and only one

indicator of reservoir health could be measured, DO would likelybe the indicator of

choice. Hutchinson (1975) states that probablymore can be learned about a lake from a

series of oxygen measurements than from any other kind of chemicaldata. The presence,

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

physical, chemical, and biologicalprocesses (e.g., photosynthesis,respiration, oxidation-

reduction reactions, bacterial decomposition, temperature). DO measurementscoupled

with observations of water clarity (Secchi depth), temperature, nutrients, and some basic

hydrologic and morphometric informationprovide meaningfulinsight into the ecological

health of a reservoir.

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

water column availableto 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 availablesunlight, warmer water temperatures, and lower flows)

both thermal stratification and increased biologicalactivitymay combine to produce a

greater biochemical demand for oxygen than is available,particularlyin the deeper

portions of the reservoir. A5 a result, summer levelsof DO often are below saturation in

the metalimnion and hypolimnionof a reservoir or lake. This hypolimneticand

metalimnetic oxygen depletion is a common, but undesirable,occurrence in many

reservoirs, especially storage impoundments. Not only do lower concentrations of DO in

the water column affect the assimilativecapacity of a reservoir, but if they are low enough

and/or sustained long enough, they adversely affect the health and diversityof the fish and

benthic communities. Sustained near-bottom anoxia not only promotes the biochemical

release of phosphorus which affects trophic conditions, but also promotes the release of

ammonia, sulfide, and dissolved metals into the interstitialpore and near-bottom waters.

If this phenomenon persists long enough, many of these reduced chemicalscan cause

chronic or acute toxicity to benthos.



A dissolved oxygen concentration of 2 mgIL was selected as a level below

which undesirable ecological conditions could result. 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 trom the benthic communityat DO

concentrations of2 mgIL and below (Masters and McDonough, 1993). Most fish species

avoid areas with DO concentrations below 2.0 mgIL (loss of habitat); fish health, growth,

and reproduction is reduced at these levels, and many highlydesirable species such as

sauger and walleye simplycannot survive at such low levels of DO.

A question fundamental to reservoir ecological health evaluation as well as

reservoirclassificationissuesis --should reservoir ecological health evaluations be based

on (1) ideal conditions, for example, low DO concentrations represent an unacceptable

ecological condition; or (2) the best conditions expected for a reservoir given the

environmental and operational characteristics of the dam/reservoir, for example, very low

DO concentrations are acceptable in many tributary reservoirs because of withdrawal

schemes, stratification, etc. The approach selected for this program is -- poor DO is

unacceptable regardless of type of reservoir or dam operation. Hence, reservoirs were not
.

separated into classes for DO evaluations/expectations because the expectation'was the

same for all reservoirs.

Data Collection Methods

DO data were collected monthly during the summer (April-October) of 1999,

concurrently with chlorophyll, nutrients, and other physicaVchemicalsamples. The 1999

sampling scheme included collection of physical/chemicalwater quality variables at 33

locations on 18 reservoirs for routine Vital Signs Monitoring. (See Table 2 in Section 1

for specific locations sampled in each reservoir.) Water quality sampling, as described in

Table 2, included in situ water column measurements of temperature, dissolved oxygen,

pH, and conductivity; Secchi depth measurements; and photic zone (defined as twice the

Secchi depth or 4-meters, whichever is greater) composite samples for laboratory analysis

of chlorophyll-a, nutrient (total phosphorus, ammonia-nitrogen, nitrate+nitrite-nitrogen,



and organic nitrogen), and total dissolved carbon. Water quality profiles and sampling

were conducted over the originalriver channel at the reservoir's maximumdepth at each

location. Physical/chemicalwater qualitysamplingwas not conducted at reservoir inflow

locations because many of these locations are tree flowing (or tailwater areas of upstream

dams) and are more representative of riverine processes (and the upstream reservoir),

rather than conditions in the reservoir being assessed.

Two specific QAlQC activitieswere incorporated into the reservoir

physical/chemicalwater sampling. These were: (1) collection and analysisof triplicate sets

of water samples once during the year at seven locations to assess sample collection and

handling, laboratory analysis,and natural samplevariability;and (2) preparation and

analysis often sets of nutrient container blanks (when the nutrient samples were collected)

to assess the degree of contaminationassociated with the nutrient sample bottles.

DO Ratin2 Scheme

A conceptual model was developed for dissolvedoxygen rating criteria. The

rating criteria represent a multidimensionalapproach that includes dissolved oxygen levels

both throughout the water column (WCoo)and near the bottom (BDO)of the reservoir.

The DO rating at each samplinglocation (ranging ITom1 "poor" to 5 "good") is based on

montWysummer water columnand bottom water DO measurements. (Summer is defined

as a six-month period when maximumthermal stratificationand maximumhypolimnetic

anoxia is expected to occur: April through September for the run-of-the-river reservoirs

and May through October for the tributary reservoirs.)

The finalDO rating is the average of the water columnDO (WCDO)rating and

the bottom DO rating (Boo):

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

WCno (Water Column DO) Ratin2--a six-monthaverage of the

percent of the reservoir cross-sectional area (at the location where the

samplingwas conducted) that has a dissolved oxygen (DO) concentration

less than 2.0 mgIL. (See Figure 1).



Average Cross-Sectional Area WCDORating for
(DO less than 2 mgIL) SamplingLocation*

<5% 5 (good);
2:5% but :S10% 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 WCDOrating 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.
Minimum DO at

1.5 meter depth
<5.0 mg/L
<4.0 mg/L
<3.0 mg/L

etc.

Sampling Location
WCQQRating Change

Decreased one unit (e.g., 5 to 4);
Decreased tWounits (e.g., 5 to 3);
Decreased three units (e.g., 5 to 2);

etc.

I!oo (Bottom DO) Ratin2--a six month average of the percent of the

reservoir cross-sectional bottom length (at the location where sampling

was conducted) that has a DO concentration less than 2.0 mgIL, as

follows:

Average Cross-Sectional Length* BDoRating for
(DO less than 2 mg/L) SamplingLocation

0% 5 (good);
o 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 BDOrating
was lowered one unit, with a minimum rating of I.

Results from 1999 Monitorin2

Table 1 summarizes DO results for each location monitored in 1999. The

summary of DO results includes information on water column and bottom DO

measurements and the final DO rating. This table includesDO results and ratings

for all sites monitored in 1999. Most sites were monitored as part of routine Vital

Signs Monitoring. Water quality measurements includingDO were taken at



0"

several additional sites to meet specificneeds. Reservoirs where this occurred as

well as the specific reason the were includedare footnoted in Table 1.

Isopleths for dissolved oxygen and temperature are provided in AppendixB for each

sample location during the 1999 samplingseason. Isopleths for sites included in rouitne

Vitals Signs Monitoring in 1999 are provided first followedby isopleths for sites

monitored to support specificneeds.



References

Hutchinson, G. Evelyn, 1975. A Treatise on Limnology, Volume 1, Part 2 - Chemistry of
Lakes,1.Wileyand Sons,New York.

Masters, A., and T.A. McDonough, April 1993. TVA Water Management, Chattanooga,
Tennessee, Personal Communication.

..



Table 1

1999 Dissolved Oxygen Results - Vital Signs Monitoring Data
(using average minimum winter pool elevations)

+ Dissolved Oxygen +

+-Water Colmnn 00-+ +-Bottom DO---+
Lessthan Percentof Percentof

5.0 mgll? X-Section BottomDO B-L@ MP Final DO
Reservoir (@ 1.5meters)<2.0 mgll Rating o mgll? < 2.0 mgll Rating Rating- -
RUN-OF. THE-RIVER RESERVOIRS
Kentucky
Forebay(fRM23.0) No 3.7 5 No 7.1 4 4.5
T-Zone(TRM85.0) No 0.0 5 No 0.0 5 5
Inflow(TRM 200-206) - - - - - - (no rating)
Embay(BSRM 7.4) No 2.9 5 No 8.1 4 4.5

Pickwick1

Forebay(TRM 207.3) No 0.0 5 No 0.0 5 5
T-Zone(TRM230.0) Yes 0.0 4 No 0.0 5 4.5

Inflow(TRM 253-259) - - - - - - (no rating)
Embay(BCM 8.4) No 1.7 5 Yes 5.0 3 4

Wllson1

Forebay(fRM 260.8) No 7.0 3 Yes 49.1 1 2

Inflow(TRM 273-274) - - - - - - (no rating)

Wheeler

Forebay(fRM 277.0) No 6.8 3 No 32.3 1 2

T-Zone(TRM 295.9) No 0.0 5 No 0.0 5 5

Inflow(TRM 347-348) - - - - - - (no rating)
Embay(ERM6.0) No 7.8 3 Yes 25.9 I 2

Guntersville1

Forebay(fRM350.0) No 0.0 5 No 0.0 5 5
T-Zone(TRM375.2) No 0.0 5 No 0.0 5 5
Inflow(TRM 420-424) - - - - - - (norating)

Nickajack
Forebay(fRM425.5) No 0.0 5 No 0.0 5 5
Inflow(TRM 469-470) - - - - - - (no rating)

Chickamauga
Forebay(TRM 472.3) No 0.1 5 No 1.8 4 4.5

T-Zone(TRM 490.5) No 0.0 5 No 0.0 5 5

Inflow(TRM 518-529) - - - - - - (no rating)
Embay(HRM 8.5) No 0.0 5 No 0.0 5 5



Table 1

1999 Dissolved Oxygen Results -- Vital Signs Monitoring Data
(using average minimum winter pool elevations)

+ Dissolved Oxygen +

+-Water Colwnn 00-+ +-Bonom 00----+
Less than Percentof Percentof

5.0 mg/l? X-Section BottomDO B-L@ MP Final DO
ReseIVoir (@ 1.5 meters) <2.0 mgll Rating o mg/I? < 2.0 mg/I Rating Rating

--- - ---

Watts Bal

Forebay(TRM 531.0) No 6.4 3 No 18.5 3 3
T-Zone(TRM 560.8) No 0.0 5 No 0.0 5 5
lnflow(TRM 600-601) - - - - - - (norating)
lnflow(CRM19-22) - - - - - - (no rating)

Fort LoudoWl

Forebay(TRM 605.5) No 10.8 I No 21.5 2 1.5
T-Zone(TRM 624.6) No 0.0 5 No 0.0 5 5

Tellico

Forebay(LTRM 1.0) No 0.8 5 No 3.5 4 4.5
T-Zone(LTRM 15.0) No 0.0 5 No 0.0 5 5

Melton Rile

Forebay(CRM 24.0) No 2.0 5 No 7.4 4 4.5
T-Zone(CRM 45.0) No 1.6 5 No 2.6 4 4.5

TRIBUT1\RY RESERVOIRS
Noms

Forebay(CRM 80.0) No 18.9 I No 27.5 2 1.5
Mid-Res(CRM 125.0) No 24.6 I Yes 49.3 I 1
Mid-Res(pRM 30.0) No 27.6 I Yes 49.9 I 1

Cherokee2

Forebay(HRM 55.0) No 22.8 1 Yes 43.0 I 1
Mid-Res(HRM77.0) No 34.4 1 Yes 71.9 I 1

Douglas

Forebay(FBRM 34.5) No 32.3 I Yes 61.3 I 1
Mid-Res(FBRM 51.0) No 31.9 I No 271.4 I 1

Ft. Patrick Henry
Forebay(SFHRM 8.7) No 1.8 5 No 6.4 4 4.5

Boone

Forebay(SFHRM 19.0) No 20.6 I No 32.9 I 1
Mid-Res(SFHRM 27.0) No 28.9 1 Yes 37.1 I 1
Mid-Res(WRM 6.5) No 0.0 5 No 2.3 4 4.5

South Holston2

Forebay(SFHRM 51.0) No 6.6 3 No 24.0 2 2.5
Mid-Res(SFHRM 62.5) No 22.0 I Yes 52.6 I 1



Table 1

1999 Dissolved Oxygen Results - Vital Signs Monitoring Data
(using average minimwn winter pool elevations)

---

+ Dissolved Oxygen +

+-Water Colwnn 00--+ +-Bottom 00---+
Lessthan Percentof Percentof

5.0 mgll? X-Section Bottom00 B-L@ MP Final DO

Reservoir (@ 1.5meters) <2.0mgll Rating Omgll? < 2.0 mgll Rating Rating

Blue Ridge
Forebay(foRM 54.1) No 0.1 5 No 1.6 4 4.5

Apalachia
Forebay(HiRM 67.0) No 3.0 5 No 26.6 2 3.5

Hiwassee2

Forebay(HiRM 77.5) No 4.3 5 Yes 26.5 1 3

Mid-Res(HIRM 85.0) No 0.2 5 No 6.5 4 4.5

Nottely
Forebay(NRM 23.5) No 17.0 1 No 30.0 2 1.5

Mid-Res(NRM 31.0) No 21.6 1 No 55.7 1 1

Cbatuge
Forebay(HiRM 122.0) No 10.1 1 No 20.5 2 1.5

Mid-Res(Shooting Cr 1. No 14.0 1 No 24.6 2 1.5

Ocoee # 1

Forebay(ORMI2.5) No 0.0 5 No 0.0 5 5



Table 1

1999 Dissolved Oxygen Results - Vital Signs Monitoring Data
(using average minimum winter pool elevations)

+ Dissolved Oxygen +
+-Water Colwnn 00--+ +-Bottom 00---+

Reservoir

Less than Percentof

5.0 mgll? X-Section

(@ 1.5 meters)<2.0 mgll

Percentof

Rating

BottomDO

o mg/l?
B-L@ MP

< 2.0 mg/I Rating

Final DO

Rating

Bear Creek

Forebay(BCM 75.0) No 24.3 Yes 63.7 1

Little Bear Creek

Forebay(LBCM 12.5) No 41.3 Yes 72.0 1

Cedar Creek

Forebay(25.2) No 30.6 Yes 74.0 1

Beech2

Forebay(BRM 36.0) No 39.8 Yes 76.6 1

::!::f:!:!::::!:!:::::::!!:::::!::!:::.I::::::::(:::!::.:::::::~~M~:Jillw.~!?ft!ij!~gM~~ij~:!irlm:ii~!::~!N.I!i~ff~ij::!f.~?:J,::::::!::::::::::::::::J:::!!:.!::!:!::!::::::::!:::::!:::::I::::::::!::::::!:::::I:::::::::::!::::::!!::t:::
1=Watsr Quality Monitoringto support ADEM Tributary Nutrient LoadingStudy; fullVitalSigns Monitoringnot con
2=Watsr Quality Monitoring initiated in May due to drought conditions; full Vital Signs Monitoring not conducted.



Table2

RESERVOIR "VITAL SIGNS" WATER OUALITY MONITORING
WATER OUALITY MEASUREMENTS --1999

Samples/
Measurements Depths( s)a

(meters)

Container Preservation/Handling

FIELD -each survey

Secchi disc (record depth)

Temp, pH, DO, cond 0.3, 1.5, 4, etc.

ChIorophyllC l-L cubitainer Immediately add 1 mL of MgC03.
place on ice, filter within 3 hours

LABORATORY -each survey

Nutrients - Sc

(total phosphorus, ammonia,
nitrate + nitrite, and
organic nitrogen)

250-mL Add 1 mL of 1 + 4 H2S04,
place on ice

Total Organic Carbon Sc

Blanksd and TriplicatesC

125-mL

(same containers as above - for nutrients)

AOUATIC BIOLOGICAL -each survey

Algal Assemblage!
solution

125-mL. dark Add 2-mL of Lugol' s or M3

bottle

Zooplankton Tow' Bottom to
Surface tow

250-mL Add approx. 20mL buffered
formalin per 250 mL of sample

Sedimene>
(metals, PCBs, and
pesticides)

a. Sc- indicates a surface composite sample (see Definitions).

b. Hydrolab measurements of temperature, pH, DO, and conductivity will be made at the depths shown and at
2-meter intervals (4-meter intervals on tributary reservoirs) to the bottom of the reservoir. Measurements
will be made at intermediate depths any time the temperature changes ~2°C or the DO changes ~1
mglL from the previous measurement.

Top 3cm
composite

SEDIMENT -July survev

1 -1 liter glass
wide mouth bottle

Immediately place on ice

c. Recommended chlorophyll filters - Whatman GF/C, 47 mm, 1.2 ~m pore size, MFR No. 1822-047.

d. Container blanks will be prepared according to the schedule given in Table 2. (See Table 2).

e. Triplicate samples - Three separate and distinct samples, each collected separately and individually, will be
collected, once during the year, at the locations and according to the schedule given in Table 2.

f. Algae samples will be placed in dark bottles and preservative with M3/Lugol's.

g. Zooplankton net should be retrieved at a constant rate of 0.5 to 0.7 meters per second.

h. All sediment samples (and duplicates) will be collected in July.
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Section 3. Chloroohvll and Nutrients

Philosoohical Aooroach/Back2round

Algae are the base of the aquatic food chain;consequently, measuring algal

biomass or primaryproductivity is important in evaluatingecological 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 measurementfor estimatingalgal biomass, algal

productivity, and trophic condition of a lake or reservoir (Carlson, 1977).

Generally, lower chlorophyllconcentrations in the oligotrophic range are

thought of being indicative of good water quality conditions. Conversely,high chlorophyll

concentrations are usually considered indicativeof cultural eutrophication. However, care

must be taken not to over generalize. For example, it would be inappropriate to expect all

reservoirs in the Tennessee Valleyto have low chlorophyllconcentrations because some

reservoirs are in watersheds which have nutrient rich, easilyerodable soils. Most

watersheds in the Tennessee Valleyprovide sufficientnutrients to expect chlorophyll

concentrations in the mesotrophic range, even in absence of anthropogenic sources and

cultural etrophication. However, two watersheds in the Tennessee Valleyhave soils (and

consequently waters) with naturally low nutrient levels--theLittle Tennessee and

Hiwassee. The streams and rivers in these watersheds drain the Blue Ridge Ecoregion

which is largely characterized by thin soils and is underlain mostly with hard crystalline

and metasedimentaryrocks.

Obviously, developmentof appropriate expectations is a critical step in

evaluating implicationsof chlorophyllconcentrations on the ecological health of a

reservoir. The range of concentrations which are considered indicative of good, fair, and

poor conditions must be tailored to reservoirs within each watershed based on knowledge

of background or natural conditions. This leads to separating reservoirs into classes based

upon these conditions.

The classificationschemeused to develop expectations for chlorophyll in

Tennessee Valley reservoirs was based on the "natural" nutrient level in a watershed.
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Professional judgment was used to select concentrations considered indicative of good,

fair, and poor conditions. Based on this approach, reservoirs were placed into one of two

classes for chlorophyll expectations --those expected to be oligotrophic because they are

in watersheds with naturally low nutrient concentrations and those expected to be

mesotrophic because the are in watersheds which naturally have greater nutrient

availability. The reservoirs expected to be oligotrophic are those in the Blue Ridge

Ecoregion. Included in this group are those in the Hiwassee River drainage--Hiwassee,

Chatuge, Nottely, Blue Ridge, and Parksville reservoirs and those in the Little Tennessee

River drainage--Tellico and Fontana. The remaining reservoirs, both mainstream

reservoirs and tributary reservoirs, are expected to be mesotrophic.

The range of concentrations selected to represent good, fair, and poor

conditions obviously will be much lower for reservoirs in nutrient-poor watersheds. For

those reservoirs in watersheds with naturally low nutrient levels, the primary concern is

early identification of cultural eutrophication. Appropriate actions can then be taken to

control the nutrient loadings and prevent a shift to a higher trophic state. For reservoirs

expected to be mesotrophic, the concern is that chlorophyll levels not become too great

because of the associated undesirable conditions--occasional dense algal blooms, poor

water clarity',low DOs, and the predominance of noxious bluegreen algae. In

mesotrophic reservoirs where sufficient nutrients are availablebut chlorophyll

concentrations remain low, there is likelysomething inhibitingthis natural process, such as

excessive turbidity, toxicity, etc. Consequently, the rating for chlorophyll-a may be

lowered when such conditions are found.

Data Collection Methods

Water samples were collected monthly (April- September on run-of-river

reservoirs and April-October on tributary reservoirs) from the photic zone (defined as

twice the Secchi depth or 4-meters, whichever was greater) with a peristaltic pump. The

water samples were collected from the entire photic zone, composited, and dispersed into

bottles for laboratory analysis of chlorophyll, nutrients (total phosphorus, ammonia-

nitrogen, nitrate+nitrite-nitrogen, and organic nitrogen), total organic carbon, and algal



assemblage. In addition, in-situ water column profiles of temperature, dissolved oxygen,

pH, conductivity; and Secchi depth measurementswere made monthly. Zooplankton

samples were also collected monthlywith a 100 mm diameter net. Neither the

zooplankton nor algal samples were processed as a routine part of this program. Rather,

they were archived for later examinationif the need arose.

In 1999, physicaVchemicalwater quality variablesfor routine Vital Signs

Monitoring were measured at the 33 locations on 18 reservoirs shown in Table 2, Section

1. Additional details on collection methods are given in Data Collection Methods, Section

2 and Table 2-Section 2.

Chlorophvll RatioS!Scheme

Chlorophyll ratings at each samplinglocation were based on the average

summer concentration of monthly, composite photic zone samples collected trom April

through October (or September), using the criteria shown in Figure 1.

Results from 1999 MooitorioS!

Table 1 summarizeschlorophyllresults for each location monitored as part of

routine Vital Signs Monitoring in 1999. This summaryincludes the average

chlorophyll concentration for the monitoring season, the maximumobserved

chlorophyll concentration, and the Final Chlorophyll-aRating. Table 2 is a

statistical summary of the physicaVchemicaland nutrient quality data for all

locations monitored during the summer of 1999. Most sites were monitored as

part of routine Vital SignsMonitoring. Water quality measurements including

chlorophyllwere taken at several additional sites to meet specificneeds.

Reservoirs where this occurred as well as the specificreason the were included are

footnoted in Table 2.
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Table 1

1999 Chlorophyll-a Results - Vital Signs Reservoir Monitoring Data
Lab ChloroDhvll-a

Date Location RiverMile Results Averaae Rating

April 6 Apalachia-FB HIWASSEE RIVER67.0 3 3

May 4 Apalachia-FB HIWASSEE RIVER 67.0 3 3
June 2 Apalachia-FB HIWASSEE RIVER 67.0 6 6

July 7 Apalachia-FB HIWASSEE RIVER 67.0 8 8

August 3 Apalachia-FB HIWASSEE RIVER 67.0 5 5

September Apalachia-FB HIWASSEE RIVER 67.0 5 5 HMA
October 6 Apalachia-FB HIWASSEE RIVER 67.0 6 6

5.14 tWiMi

April 8 Bear-FB BEAR CREEK 75.0 7 7

May 13 Bear-FB BEAR CREEK 75.0 11 11
June 10 Bear-FB BEAR CREEK 75.0 19 19
July 13 Bear-FB BEAR CREEK 75.0 28 28

August 12 Bear-FB BEAR CREEK 75.0 14 14
September 10 Bear-FB BEAR CREEK 75.0 11 11

October 13 Bear-FB BEAR CREEK 75.0 19 19
15.57 1.2

April 5 Blue Ridge-FB TOCCOA RIVER54.1 1 1

May 3 Blue Ridge-FB TOCCOA RIVER54.1 1 1
June 1 Blue Ridge-FB TOCCOA RIVER54.1 3 3

July 6 Blue Ridge-FB TOCCOA RIVER54.1 3 3
August 2 Blue Ridge-FB TOCCOA RIVER54.1 2 2

September Blue Ridge-FB TOCCOA RIVER54.1 2 2 HMA
October 6 Blue Ridge-FB TOCCOA RIVER54.1 2 2

2.00 il§.@:::!=
April 12 Boone-FB SOUTH FORK HOLSTON 19.0 9 9

May 10 Boone-FB SOUTH FORK HOLSTON 19.0 22 22
June 14 Boone-FB SOUTH FORK HOLSTON 19.0 16 16
July 12 Boone-FB SOUTH FORK HOLSTON 19.0 15 15

August 10 Boone-FB SOUTH FORK HOLSTON 19.0 10 10
September 14 Boone-FB SOUTH FORK HOLSTON 19.0 11 11

October 13 Boone-FB SOUTH FORK HOLSTON 19.0 46
13.83 * 1.1

April 12 Boone-MRH SOUTH FORK HOLSTON 27.0 37
May 10 Boone-MRH SOUTH FORK HOLSTON 27.0 30

June 14 Boone-MRH SOUTH FORK HOLSTON 27.0 20 20
July 12 Boone-MRH SOUTH FORK HOLSTON 27.0 37

August 10 Boone-MRH SOUTH FORK HOLSTON 27.0 25 25
September 14 Boone-MRH SOUTH FORK HOLSTON 27.0 12 12

October 12 Boone-MRH SOUTH FORK HOLSTON 27.0 30
19.00 * 1.0

April 12 Boone-MRW WATAUGA RIVER 6.5 24 24

May 10 Boone-MRW WATAUGA RIVER 6.5 13 13
June 14 Boone-MRW WATAUGA RIVER 6.5 19 19
July 12 Boone-MRW WATAUGA RIVER6.5 34

August 10 Boone-MRW WATAUGA RIVER 6.5 20 20
September 14 Boone-MRW WATAUGA RIVER 6.5 24 24

October 12 Boone-MRW WATAUGA RIVER 6.5 46

20.00 * 1.0

April 8 Cedar-FB CEDAR CREEK 25.2 4 4
May 13 Cedar-FB CEDAR CREEK 25.2 9 9

June 10 Cedar-FB CEDAR CREEK 25.2 5 5
July 13 Cedar-FB CEDAR CREEK 25.2 5 5

August 12 Cedar-FB CEDAR CREEK 25.2 3 3

September 10 Cedar-FB CEDAR CREEK 25.2 2 2
October 13 Cedar-FB CEDAR CREEK 25.2 3 3

4.43 5.0
April 5 Chatuge-FB HIWASSEE RIVER 122.0 4 4
May 4 Chatuge-FB HIWASSEE RIVER 122.0 2 2

June 1 Chatuge-FB HIWASSEE RIVER 122.0 3 3
July 6 Chatuge-FB HIWASSEE RIVER 122.0 8 8

August 2 Chatuge-FB HIWASSEE RIVER 122.0 3 3
September Chatuge-FB HIWASSEE RIVER 122.0 3.8 3.8 HMA

October 7 Chatuge-FB HIWASSEERIVER122.0 3 3



Table 1
1999 Chlorophyll-a Results - Vital Signs Reservoir Monitoring Data

Lab Chlorophyll-a
Results I AverageDate

April
May

June
July

August
September

October

April 6
May 5

June 4

July 7
August 5

September 10

April 8
May 5

June 4
July 7

August 5
September 10

April 6
May 5

June 2
July 7

August 5
September 10

April 13
May 11

June 15
JlW 13

August 10
September 15

October 13

April 13
May 11

June 15
July 13

August 10
September 15

October 13

April 12
May 10

June 14
June 14
June 14

July 13
August 9

September
October 12

April 14
May 12

June 16
July 12

August 11
September 13

Location

5 ChatugeSC-FB
4 ChatugeSC-FB
1 ChatugeSC-FB
6 ChatugeSC-FB
2 ChatugeSC-FB
7 ChatugeSC-FB
7 ChatugeSC-FB

Chick-EM
.Chick-EM
Chick-EM
Chick-EM
Chick-EM
Chick-EM

Chick-FB
Chick-FB
Chick-FB
Chick-FB
Chick-FB
Chick-FB

Chick-TZ
Chick-TZ
Chick-TZ
Chick-TZ
Chick-TZ
Chick-TZ

Douglas-FB
Douglas-FB
Douglas-FB
Douglas-FB
Douglas-FB
Douglas-FB
Douglas-FB

Douglas-MR
Douglas-MR
Douglas-MR
Douglas-MR
Douglas-MR
Douglas-MR
Douglas-MR

Ft. Pat.-FB
Ft. Pat.-FB

Ft. Pat.-FBfT1
Ft. Pat.-FBfT2
Ft. Pat.-FBfT3

Ft. Pat.-FB
Ft. Pat.-FB
Ft. Pat.-FB
Ft. Pat.-FB

FtLd-FB
FtLd-FB
FtLd-FB
FtLd-FB
FtLd-FB
FtLd-FB

RiverMile

SHOOTING CREEK 1.5
SHOOTING CREEK 1.5
SHOOTING CREEK 1.5
SHOOTING CREEK 1.5
SHOOTING CREEK 1.5
SHOOTING CREEK 1.5
SHOOTING CREEK 1.5

HIWASSEE RIVER 8.5
HIWASSEE RIVER 8.5
HIWASSEE RIVER 8.5
HIWASSEE RIVER 8.5
HIWASSEE RIVER 8.5
HIWASSEE RIVER 8.5

TENNESSEE RIVER 472.3
TENNESSEE RIVER 472.3
TENNESSEE RIVER 472.3
TENNESSEE RIVER 472.3
TENNESSEE RIVER 472.3
TENNESSEE RIVER 472.3

TENNESSEE RIVER 490.5
TENNESSEE RIVER 490.5
TENNESSEE RIVER 490.5
TENNESSEE RIVER 490.5
TENNESSEE RIVER 490.5
TENNESSEE RIVER 490.5

FRENCH BROAD RIVER 34.5
FRENCH BROAD RIVER 34.5
FRENCH BROAD RIVER 34.5
FRENCH BROAD RIVER 34.5
FRENCH BROAD RIVER 34.5
FRENCH BROAD RIVER 34.5
FRENCH BROAD RIVER 34.5

FRENCH BROAD RIVER 51.0
FRENCH BROAD RIVER 51.0
FRENCH BROAD RIVER 51.0
FRENCH BROAD RIVER 51.0
FRENCH BROAD RIVER 51.0
FRENCH BROAD RIVER 51.0
FRENCH BROAD RIVER 51.0

SOUTH FORK HOLSTON 8.7
SOUTH FORK HOLSTON 8.7
SOUTH FORK HOLSTON 8.7
SOUTH FORK HOLSTON 8.7
SOUTH FORK HOLSTON 8.7
SOUTH FORK HOLSTON 8.7
SOUTH FORK HOLSTON 8.7
SOUTH FORK HOLSTON 8.7
SOUTH FORK HOLSTON 8.7

TENNESSEE RIVER 605.5
TENNESSEE RIVER 605.5
TENNESSEE RIVER 605.5
TENNESSEE RIVER 605.5
TENNESSEE RIVER 605.5
TENNESSEE RIVER 605.5

4
2
3
11
5

3.5
3

3
14
15
5
6
6

6
13
6
8
11
4

32
18
13
13
8
3

11
9
11
9
6
10
6

14
14
10
11
13
15
30

13

1

13
8 8

27 triplicate
30
31
28
25
20
17

triplicate
28
25
20
17

17 17
22 22
24 24
23 23
19 19
21 21

Rating

4
2
3
11
5

3.5
3

HMA

3
14
15
5
6
6

8.17 I I 4.9
6
13
6
8
11
4

8.00 I I 5.0

18
13
13
8
3

11.00 * 2.5
11
9
11
9
6
10
6

8.86 I I 4.6
14
14
10
11
13
15

12.83 * 1.6

HMA

18.50 * 1.0

21.00 I I 1.0



Table 1

1999 Chlorophyll-a Results - Vital Signs Reservoir Monitoring Data
Lab Chlorophyll-a

Date Location RiverMile Results Averaae Ratina

April 14 FtLd- TZfT1 TENNESSEE RIVER624.6 50 triplicate
April 14 FtLd- TZfT2 TENNESSEE RIVER624.6 45 triplicate
April 14 FtLd- TZfT3 TENNESSEE RIVER624.6 47
May 12 FtLd-TZ TENNESSEE RIVER 624.6 42

June 16 FtLd-TZ TENNESSEE RIVER624.6 18 18

July 12 FtLd-TZ TENNESSEE RIVER624.6 24 24
August 11 FtLd-TZ TENNESSEE RIVER624.6 14 14

September 13 FtLd-TZ TENNESSEE RIVER624.6 26 26
20.50 * 1.0

April 6 Kentucky-EM BIG SANDY RIVER 7.4 24 24

May 12 Kentucky-EM BIG SANDY RIVER 7.4 11 11
June 9 Kentucky-EM BIG SANDY RIVER 7.4 12 12
July 14 Kentucky-EM BIG SANDY RIVER 7.4 29 29

August 11 Kentucky-EM BIG SANDY RIVER7.4 43

September 7 Kentucky-EM BIG SANDY RIVER 7.4 31

19.00 * 1.0

April 6 Kentucky-FBrr1 TENNESSEE RIVER 23.0 20 triplicate
April 6 Kentucky-FBfr2 TENNESSEE RIVER 23.0 16 triplicate
April 6 Kentucky-FBfr3 TENNESSEE RIVER 23.0 19 19
May 12 Kentucky-FB TENNESSEE RIVER 23.0 11 11

June 9 Kentucky-FB TENNESSEE RIVER 23.0 15 15
July 14 Kentucky-FB TENNESSEE RIVER 23.0 9 9

August 11 Kentucky-FB TENNESSEE RIVER 23.0 17 17
September 7 Kentucky-FB TENNESSEE RIVER 23.0 9 9

, 13.33 2.3
April 6 Kentucky-TZ TENNESSEE RIVER 85.0 10 10
May 12 Kentucky-TZ TENNESSEE RIVER 85.0 3 3

June 9 Kentucky-TZ TENNESSEE RIVER 85.0 11 11
July 14 Kentucky-TZ TENNESSEE RIVER 85.0 6 6

August 11 Kentucky-TZ TENNESSEE RIVER 85.0 10 10
September 7 Kentucky- TZ TENNESSEE RIVER 85.0 6 6

7.67 5.0
April 8 Little Bear-FB LITTLE BEAR CREEK 12.5 6 6
May 13 Little Bear-FB LITTLE BEAR CREEK 12.5 6 6

June 10 Little Bear-FBrr1 LITTLE BEAR CREEK 12.5 6 6
June 10 Little Bear-FBrr2 LITTLE BEAR CREEK 12.5 7 triplicate
June 10 Little Bear-FBfr3 LITTLE BEAR CREEK 12.5 6 triplicate
July 13 Little Bear-FB LITTLE BEAR CREEK 12.5 6 6

August 12 Little Bear-FB LITTLE BEAR CREEK 12.5 3 3
September 10 Little Bear-FB LITTLE BEAR CREEK 12.5 4 4

October 13 Little Bear-FB LITTLE BEAR CREEK 12.5 2 2
4.71 5.0

April 7 Nickajack-FBfr1 TENNESSEE RIVER 425.5 13 triplicate
April 7 Nickajack-FBfr2 TENNESSEE RIVER425.5 12 12
April 7 Nickajack-FBfr3 TENNESSEE RIVER425.5 11 triplicate
May 6 Nickajack-FB TENNESSEE RIVER 425.5 7 7

June 3 Nickajack-FB TENNESSEE RIVER 425.5 10 10
July 8 Nickajack-FB TENNESSEE RIVER425.5 3 3

August 4 Nickajack-FB TENNESSEE RIVER 425.5 3 3
September Nickajack-FB TENNESSEE RIVER 425.5 3 3 HMA

6.33 5.0
April 14 Norris-FB CLINCH RIVERSO.O 6 6
May 12 Norris-FB CLINCH RIVERSO.O 9 9

June 16 Norris-FB CLINCH RIVERSO.O 4 4
July 13 Norris-FB CLINCH RIVERSO.O 6 6

August 11 Norris-FB CLINCH RIVERSO.O 2 2
September 16 Norris-FB CLINCH RIVERSO.O 3 3

October 14 Norris-FB CLINCH RIVERSO.O 2 2
4.57 5.0

April 13 Norris-MRC CLINCH RIVER 125.0 7 7
May 11 Norris-MRC CLINCH RIVER 125.0 4 4

June 15 Norris-MRC CLINCH RIVER 125.0 10 10

July 15 Norris-MRC CLINCH RIVER 125.0 5 5



Table 1
1999 Chlorophyll-a Results - VitalSigns Reservoir MonitoringData

Lab Chlorophyll-a
Date Location RiverMile Results Average Rating

August 11 Norris-MRC CLINCH RIVER 125.0 5 5

September 16 Norris-MRC CLINCH RIVER 125.0 4 4
October 14 Norris-MRC CLINCH RIVER 125.0 5 5

5.71 5.0

April 13 Norris-MRP POWELL RIVER 30.0 4 4

May 11 Norris-MRP POWELL RIVER 30.0 5 5
June 15 Norris-MRP POWELL RIVER 30.0 4 4

July 15 Norris-MRP POWELL RIVER 30.0 11 11

August 11 Norris-MRP POWELL RIVER 30.0 4 4

September 16 Norris-MRP POWELL RIVER 30.0 6 6
October 14 Norris-MRP POWELL RIVER 30.0 4 4

5.43 5.0

April 5 Nottely-FB NOTTELY RIVER 23.5 4 4
May 3 Nottely-FB NOTTELY RIVER 23.5 19 19

June 1 Nottely-FB NOTTELY RIVER 23.5 23 23
July 6 Nottely-FB NOTTELY RIVER 23.5 3 3

August 2 Nottely-FB NOTTELY RIVER 23.5 1 1
September Nottely-FB NOTTELY RIVER 23.5 5 5 HMA

October 7 Nottely-FB NOTTELY RIVER 23.5 8 8
9.00 ::::4}h:::

April 5 Nottely-MR NOTTELY RIVER 31.0 13 13
May 3 Nottely-MR NOTTELY RIVER 31.0 5 5

June 1 Nottely-MRrr1 NOTTELY RIVER 31.0 21 triplicate
June 1 Nottely-MRrr2 NOTTELY RIVER 31.0 22 22
June 1 Nottely-MRrr3 NOTTELY RIVER 31.0 22 triplicate
July 6 Nottely-MR NOTTELY RIVER 31.0 5 5

August 2 Nottely-MR NOTTELY RIVER 31.0 3 3
September Nottely-MR NOTTELY RIVER 31.0 7 7 HMA

October 7 Nottely-MR NOTTELY RIVER 31.0 9 9

9.14 {f#!tf!:
April 6 Ocoee-FB OCOEE RIVER 12.5 2 2
May 4 Ocoee-FB OCOEE RIVER 12.5 2 2

June 2 Ocoee-FB OCOEE RIVER 12.5 3 3
Jul 7 Ocoee-FB OCOEE RIVER 12.5 3 3

August 3 Ocoee-FB OCOEE RIVER 12.5 2 2
September Ocoee-FB OCOEE RIVER 12.5 1 1 HMA

October 6 Ocoee-FB OCOEE RIVER 12.5 1 1

2.00 :<i§'Q:::::.
April 14 Tellico-FB LITTLE TENNESSEE RIVER 1.0 10 10
May 12 Tellico-FB LITTLE TENNESSEE RIVER 1.0 5 5

June 16 Tellico-FB LITTLE TENNESSEE RIVER 1.0 14 14
July 12 Tellico-FB LITTLE TENNESSEE RIVER 1.0 11 11

August 11 Tellico-FB LITTLE TENNESSEE RIVER 1.0 12 12
September 13 Tellico-FB LITTLE TENNESSEE RIVER 1.0 14 14

11.00 :::::WWI
April 14 Tellico-TZ LITTLE TENNESSEE RIVER 15.0 7 7
May 12 Tellico-TZ LITTLE TENNESSEE RIVER 15.0 7 7

June 16 Tellico-TZ LITTLE TENNESSEE RIVER 15.0 10 10
July 12 Tellico-TZ LITTLE TENNESSEE RIVER 15.0 10 10

August 11 Tellico-TZ LITTLE TENNESSEE RIVER 15.0 6 6
September 13 Tellico-TZ LITTLE TENNESSEE RIVER 15.0 6 6

7.67 .::::h:;:;:.
April 5 Wheeler-EM ELK RIVER 6.0 28 28
May 10 Wheeler-EM ELK RIVER 6.0 5 5

June 7 Wheeler-EM ELK RIVER 6.0 30
July 12 Wheeler-EM ELK RIVER 6.0 45

August 9 Wheeler-EM ELK RIVER 6.0 37
September Wheeler-EM ELK RIVER 6.0 35 HMA

16.50 * 1.0

April 5 Wheeler-FB TENNESSEE RIVER 277.0 25 25

May 10 Wheeler-FB TENNESSEE RIVER 277.0 12 12
June 7 Wheeler-FB TENNESSEE RIVER 277.0 23 23

July 12 Wheeler-FB TENNESSEE RIVER 277.0 14 14



Table 1
1999 Chlorophyll-aResults- Vital SignsReservoirMonitoringData

Lab Chlorophvll-a
Date Location RiverMile Results Averae Ratina

August 9 Wheeler-FB TENNESSEE RIVER 277.0 10 10
September 8 Wheeler-FB TENNESSEE RIVER 277.0 6 6

15.00 1.5
April 5 Wheeler-TZ TENNESSEE RIVER 295.9 7 7
May 10 Wheeler-TZ TENNESSEE RIVER295.9 2 2

June 7 Wheeler-TZ TENNESSEE RIVER 295.9 26 26
July 12 Wheeler-TZ TENNESSEE RIVER 295.9 7 7

August 9 Wheeler-TZ TENNESSEE RIVER 295.9 6 6

September 8 Wheeler-TZ TENNESSEE RIVER 295.9 5 5 8.83 4.6

* - Astrisk indicatesone(or more) chlorophyll-aresultsequaledor exceeded30 ugiL

HMA - HistoricalMonthlyAverage; actualsampledata not usablebecausethe acetoneused for
extrationwas not the appropriateconcentration.

:tt$iRdlffifJnaleai$JjlliiiO$JQHtQi:tiGiMle.ntfiffi!iea&iaMi$.Oijq$i/:/:



Table 2
1999 Vital Signs Reservoir Monitoring Summary

Kentucky Forebay (TRM 23.0) Kentucky Transition (TRM 85.0) Kentucky Embay (Big Sandy 7.4)

N Mean Min Max N Mean Min Max N Mean Min Max

Temperature (deg C) 84 25.4 12.9 30.9 71 25.6 14.5 30.6 47 25.1 12.7 31.4

Dissolved Oxygen (mgIL) 84 6.6 0.2 11.0 71 6.7 4.1 10.2 47 5.3 0.5 10.2

pH (s.u.) 84 7.5 6.9 8.8 71 7.4 7.1 8.6 47 7.4 6.7 9.0

Conductivity (uslcm) 84 154 138 210 71 165 151 192 47 111 58 212

Organic N (mgIL) 6 0.35 0.25 0.47 6 0.30 0.12 0.40 6 0.54 0.35 0.80

Ammonia N (mgIL) 5 0.01 0.01 0.02 6 0.11 0.07 0.21 6 0.03 0.01 0.08

Nitrate+Nitrite N (mgIL) 6 0.15 0.02 0.38 6 0.19 0.05 0.44 6 0.02 0.01 0.05

T olal Nitrogen (mglL) 6 0.51 0.40 0.64 6 0.60 0.47 0.87 6 0.58 0.38 0.83

Tolal Phosphorus (mgIL) 6 0.062 0.040 0.150 5 0.064 0.050 0.080 6 0.062 0.020 0.160
TN I TP Ratio 6 9.8 4.3 12.4 5 9.4 7.1 12.4 6 14.1 2.6 31.0

Chlorophyll-a (ugll) 6 13.5 9.0 20.0 6 7.7 3.0 11.0 6 25.0 11.0 43.0
TOC 6 3.1 2.4 4.2 6 3.1 2.4 4.4 6 4.3 3.9 5.1

Secchi Depth (m) 6 1.20 1.00 1.50 6 0.92 0.70 1.00 6 0.95 0.60 1.40

Pickwick Forebay (TRM 207.3)1 Pickwick Transition (TRM 230.0)1 Pickwick Embayment (BCM 8.4)1

N Mean Min Max N Mean Min Max N Mean Min Max

Temperature (deg C) 93 24.9 13.9 30.6 61 25.0 14.7 30.7 39 24.8 14.3 30.4

Dissolved Oxygen (mgIL) 93 7.0 3.7 13.5 61 6.5 3.8 12.2 39 5.5 0.7 9.1

pH (s.u.) 93 7.4 7.0 9.2 61 7.3 6.2 8.8 39 7.5 7.0 8.9

Conductivity (uslcm) 93 156 143 177 61 164 150 181 39 132 92 154

Organic N (mgIL) 6 0.30 0.07 0.50 6 0.32 0.25 0.37 6 0.38 0.24 0.49

Ammonia N (mgIL) 6 0.04 0.01 0.10 6 0.05 0.01 0.10 6 0.03 0.01 0.07

Nitrate+Nitrite N (mgIL) 6 0.16 0.02 0.39 6 0.23 0.05 0.45 6 0.11 0.01 0.29

Tolal Nitrogen (mgIL) 6 0.50 0.14 0.76 6 0.60 0.36 0.89 6 0.51 0.44 0.64

Tolal Phosphorus (mgIL) 5 0.050 0.030 0.070 5 0.054 0.040 0.080 5 0.044 0.030 0.070
TN I TP Ratio 5 9.74 2.33 18.00 5 10.69 6.00 15.00 5 12.23 7.71 16.00

Chlorophyll-a (ugll) 6 15.2 3 30 6 9.7 4 16 6 15.3 9 22
TOC 6 3.2 2.4 4.9 6 3.2 2.5 4.5 6 3.7 2.6 5.1

Secchi Depth (m) 6 1.18 0.90 1.50 6 1.32 1.10 1.50 6 0.98 0.50 1.50

Wilson Forebay (TRM 260.8) 1

N Mean Min Max

Temperature (deg C) 95 24.9 12.1 31.7

Dissolved Oxygen (mgIL) . 95 6.2 0.1 13.5
pH (s.u.) 95 7.5 6.8 9.0

Conductivity (us/em) 95 163 149 176

Organic N (mgIL) 6 0.38 0.23 0.50

Ammonia N (mgIL) 6 0.02 0.01 0.06

Nitrate+Nitrite N (mgIL) 6 0.17 0.02 0.45

Tolal Nitrogen (mgIL) 6 0.57 0.27 0.90

Tolal Phosphorus (mgIL) 6 0.050 0.030 0.110
TN I TP Ratio 6 13.18 6.75 30.00

Chlorophyll-a (ugIL) 6 21.0 12 33
TOC 6 3.6 2.6 5.2

Secchi Depth (m) 6 1.58 0.90 1.90

Wheeler Forebay (TRM 277.0) Wheeter Transition (TRM 295.9) Wheeler Embayment (ERM 6.0)

N Mean Min Max N Mean Min Max N Mean Min Max

Temperature (deg C) 56 25.5 14.1 30.6 42 25.0 15.4 30.5 40 24.2 14.9 30.6

Dissolved Oxygen (mgIL) 56 6.7 0.5 13.1 42 7.0 5.0 11.7 40 5.8 0.1 14.9

pH (s.u.) 56 7.7 7.0 9.2 42 7.5 7.3 8.9 40 7.9 7.1 9.4

Conductivity (us/em) 56 168 151 231 42 168 153 181 40 206 162 245

Organic N (mgIL) 6 0.38 0.28 0.62 6 0.27 0.16 0.42 6 0.48 0.22 0.65
Ammonia N (mgll) 6 0.03 0.01 0.07 6 0.04 0.01 0.07 6 0.05 0.01 0.11

Nitrate+Nitrite N (mgll) 6 0.15 0.01 0.44 6 0.27 0.12 0.60 6 0.26 0.03 0.80

Tolal Nitrogen (mgll) 6 0.56 0.35 0.74 6 0.58 0.40 0.78 6 0.79 0.61 1.20
Total Phosphorus (mglL) 6 0.047 0.030 0.080 6 0.052 0.040 0.070 6 0.162 0.090 0.350
TN I TP Ratio 6 13.0 8.8 24.3 6 11.5 8.1 15.0 6 5.6 3.4 8.7
Chlorophyll-a (ug/L) 6 15.0 6.0 25.0 6 8.8 2.0 26.0 5 29.0 5.0 45.0
TOC 6 3.4 2.6 5.6 6 3.1 2.2 4.5 6 3.7 1.9 5.3
Secchi Depth (m) 6 1.37 0.70 1.80 5 1.22 0.90 1.50 6 0.78 0.50 0.90

1=Water QualityMonrtonng10support ADEMTributaryNutrientLoadingStudy;fullVllalSigns Monilonngnot conducted
2=Water QualityMonltonngInibatedIn Maydue to drought conditions;lullVitalSigns Monilonngnot conducted

(IIa duphcateltriplicatesample is collected at a sampling location,onlythe firstsample (01 or T1) 01the dupllcateltripllcateISused to determine the mean. minimUm,and maximum
values.)
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Table 2
1999 \rltal Signs Reservoir Monitoring Summary

Guntersvllle Forebay (TRM 360.0)1 Guntersvllle Transition (TRM 375.2)1

N Mean Min Max N Mean Min Max

Temperature (deg C) 62 24.9 13.2 31.4 38 25.1 15.8 30.4
Dissolved Oxygen (mgIL) 62 7.1 2.2 11.2 38 6.9 5.4 10.8
pH (s.u.) 62 7.7 6.9 8.7 38 7.5 7.2 8.5
Conductivffy(ucrn) 62 160 145 172 38 175 159 189
Organic N (mgIL) 6 0.23 0.02 0.36 6 0.18 0.12 0.23
Ammonia N (mgIL) 6 0.02 0.01 0.04 6 0.03 0.01 0.08
Nitrate+Nitrite N (mgiL) 6 0.14 0.02 0.46 6 0.27 0.17 0.39
Total Nitrogen (mgIL) 6 0.39 0.28 0.61 6 0.47 0.39 0.59
Total Phosphorus (mgIL) 6 0.033 0.020 0.040 6 0.030 0.030 0.030
TN I TP Ratio 6 12.14 8.75 17.00 6 15.78 13.00 19.67
Chlorophyll-a (ugIL) 5 15.8 10 28 5 6.6 2 15
TOC 6 2.5 2.1 2.9 6 2.4 2.2 2.5
Secchi Depth (m) 6 1.74 1.25 2.25 6 1.69 1.25 2.35

Nlckajack Forebay (TRM 425.5)

N Mean Min Max

Temperature (deg C) 58 24.2 13.0 29.2
Dissolved Oxygen (mgIL) 58 6.4 4.8 11.6
pH (s.u.) 58 7.3 7.0 8.8
Conductivity (ucrn) 58 176 152 195
Organic N (mgIL) 6 0.24 0.14 0.61
Ammonia N (mgIL) 6 0.07 0.01 0.16
Nitrate+Nitrite N (mgIL) 6 0.22 0.17 0.31
Total Nitrogen (mgIL) 6 0.53 0.35 0.84
Total Phosphorus (mgIL) 6 0.032 0.020 0.050
TN I TP Ratio 6 18.4 7.0 31.0
Chlorophyll-a (ugIL) 5 7.2 3.0 13.0
TOC 6 2.2 2.0 2.4
Secchi Depth (m) 6 2.00 1.50 2.50

Chickamauga Forebay (TRM 472.3) Chickamauga Transition (TRM 490.5) Chickamauga Embay (HIRM 8.5)

N Mean Min Max N Mean Min Max N Mean Min Max

Temperature (deg C) 65 24.3 13.0 30.2 49 23.1 12.7 28.9 32 21.6 16.2 27.0
Dissolved Oxygen (mgIL) 65 6.4 1.5 10.8 49 6.8 3.8 11.8 32 7.5 4.8 9.5
pH (s.u.) 65 7.4 6.9 8.2 49 7.5 7.0 8.5 32 7.4 7.0 8.0
Conductivity (us/em) 65 172 151 194 49 180 154 198 32 188 112 282
Organic N (mgIL) 6 0.20 0.14 0.34 6 0.26 0.15 0.33 6 0.28 0.19 0.35
Ammonia N (mgIL) 6 0.04 0.01 0.08 6 0.03 0.01 0.06 6 0.05 0.02 0.09
Nitrate+Nitrite N (mgiL) 6 0.16 0.06 0.36 6 0.19 0.08 0.37 6 0.21 0.13 0.31
Total Nitrogen (mgiL) 6 0.40 0.29 0.51 6 0.48 0.28 0.67 6 0.54 0.39 0.64
Total Phosphorus (mgiL) 6 0.027 0.020 0.040 6 0.037 0.020 0.060 6 0.052 0.020 0.080
TN I TP Ratio 6 16.1 8.8 25.5 6 13.9 8.2 17.3 6 12.8 7.6 30.0
Chlorophyll-a (ugIL) 6 8.0 4.0 13.0 6 14.5 3.0 32.0 6 8.2 3.0 15.0
TOC 6 2.2 2.0 2.6 6 2.4 2.1 2.5 6 3.0 2.1 3.9
Secchi Depth (m) 6 1.62 1.40 2.00 6 1.52 1.30 1.80 6 0.81 0.70 1.00

Watts Bar Forebay (TRM532.5)2 Watts BarTransition (TRM 560.8)2

N Mean Min Max N Mean Min Max

Temperature (deg C) 83 23.4 13.3 30.8 46 23.4 15.9 28.9
Dissolved Oxygen (mgIL) 83 5.6 0.2 10.5 46 7.2 3.2 11.7
pH (s.u.) 83 7.8 6.9 9.3 46 7.8 7.3 8.8
Conductivity (us/em) 83 174 143 210 46 189 153 213
Organic N (mgIL) 5 0.44 0.30 0.80 5 0.32 0.19 0.40
Ammonia N (mgiL) 5 0.01 0.01 0.01 5 0.02 0.01 0.04
Nitrate+Nitrite N (mgIL) 5 0.04 0.01 0.18 5 0.13 0.04 0.22
Total Nitrogen (mgIL) 5 0.50 0.32 0.99 5 0.47 0.32 0.63
Total Phosphorus (mgIL) 5 0.022 0.020 0.030 5 0.034 0.030 0.040
TN I TP Ratio 5 23.57 13.33 49.50 5 14.30 8.00 21.00
Chlorophyll-a (ugIL) 5 15.4 8 27 5 16.4 10 20
TOC 5 2.6 2.1 3.0 5 2.4 2.1 2.7
Secchi Depth (m) 5 1.72 1.30 2.40 5 1.40 1.25 1.60

1=WaterQualityMonitoringto support ADEMTributaryNutrientLoadingStudy;fullVitalSigns Monitoringnotconducted
2=Water QualityMonitoringinitiatedin Maydue to droughtconditions;fullVitalSigns Monitoringnotconducted

(Ifa duplicate/triplicatesample is collected at a sampling location.onlythe firstsample (D1or T1)of the duplicate/triplicateis used to determine the mean, minimum.and maximum
values.)
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Table 2
1999 Vital Signs Reservoir Monitoring Summary

Fort Loudoun Forebay (TRM 605.5) Fort Loudoun Transition (TRM 624.6)

N Mean Min Max N Mean Min Max

Temperature (deg C) 97 22.1 10.7 28.7 69 21.7 12.9 27.6

DiliSOlvedOxygen (mglL) 97 5.6 0.4 12.5 69 7.7 4.7 20.0

pH (s.u.) 97 7.7 7.0 9.0 69 7.9 7.4 9.2

Conductivity (us/cm) 97 203 113 275 69 221 164 272

Organic N (mgIL) 6 0.36 0.18 0.46 6 0.42 0.30 0.55

Ammonia N (mg/L) 6 0.02 0.01 0.04 6 0.03 0.01 0.05

Nitrate+Nitrite N (mglL) 6 0.13 0.01 0.40 6 0.19 0.06 0.33

Total Nitrogen (mgIL) 6 0.51 0.41 0.59 6 0.63 0.45 0.85

Total Phosphorus (mgIL) 6 0.032 0.030 0.040 6 0.038 0.006 0.050

TN I TP Ratio 6 16.2 13.7 19.7 6 31.0 9.0 115.0

Chlorophyll-a (ugIL) 6 21.0 17.0 24.0 6 29.0 14.0 50.0
TOC 6 2.8 2.5 3.2 6 2.7 1.6 3.3

Secchi Depth (m) 6 1.34 1.10 1.70 6 0.99 0.75 1.20

Tellieo Forebay (LTRM 1.0) Tellieo Transition (LTRM 15.0)

N Mean Min Max N Mean Min Max

Temperature (deg C) 101 16.2 8.9 27.1 75 18.1 10.4 29.3

DiliSOlvedOxygen (mg/L) 101 6.1 1.0 10.5 75 7.9 2.3 10.2

pH (s.u.) 101 7.2 6.4 8.6 75 7.4 6.5 8.7

Conductivity (us/em) 101 75 33 184 75 48 27 78

Organic N (mglL) 6 0.30 0.10 0.57 6 0.19 0.09 0.44

Ammonia N (mgIL) 6 0.01 0.01 0.01 6 0.01 0.01 0.01

Nitrate+Nitrite N (mglL) 6 0.09 0.02 0.24 6 0.05 0.01 0.17

Tolal Nitrogen (mg/L) 6 0.40 0.28 0.60 6 0.25 0.11 0.46

Tolal Phosphorus (mglL) 6 0.018 0.007 0.030 6 0.015 0.007 0.030
TN I TP Ratio 6 27.1 11.0 45.7 6 20.9 3.7 28.6

Chlorophyll-a (ugIL) 6 11.0 5.0 14.0 6 7.7 6.0 10.0
TOC 6 2.2 1.6 3.0 6 2.2 1.4 3.2

Secchi Depth (m) 6 1.93 1.40 2.75 6 1.93 1.60 2.20

Melton Hill Forebay (CRM 24.0)2 Melton Hill Transition (CRM 45.0)2

N Mean Min Max N Mean Min Max

Temperature (deg C) 67 19.1 13.4 30.3 42 18.8 12.5 27.4

DiliSOlvedOxygen (mgIL) . 67 6.9 0.6 14.1 42 7.9 1.8 11.7

pH (s.u.) 67 7.9 7.4 8.8 42 7.9 7.5 8.7

Conductivity (us/cm) 67 273 218 297 42 274 240 292

Organic N (mgIL) 4 0.28 0.12 0.48 4 0.26 0.11 0.41

Ammonia N (mg/L) 4 0.01 0.01 0.01 4 0.01 0.01 0.02

Nilrate+Nitrite N (mg/L) 4 0.17 0.02 0.38 4 0.45 0.19 0.70

Total Nitrogen (mgIL) 5 0.40 0.19 0.62 5 0.68 0.51 0.91

Total Phosphorus (mgIL) 4 0.015 0.010 0.020 4 0.023 0.010 0.040
TN I TP Ratio 5 31.50 18.00 62.00 5 39.95 15.25 91.00

Chlorophyll-a (ugIL) 4 11.3 9 15 5 11.8 3 24
TOC 5 2.5 1.9 2.8 5 2.2 1.5 3.0

Secchi Depth (m) 5 1.93 1.40 2.50 5 0.99 0.75 1.30

Norris Forebay (CRM 80.0) Norris Mid-Res (CRM 125.0) Norris Mid-Res (PRM 30.0)

N Mean Min Max N Mean Min Max N Mean Min Max

Temperature (deg C) 162 14.4 5.1 29.4 85 19.6 8.1 29.5 98 18.9 8.2 30.1

DiliSOlved Oxygen (mg/L) 162 6.7 0.3 14.5 85 5.8 0.2 13.9 98 5.5 0.2 12.7

pH (s.u.) 162 7.9 7.2 8.8 85 8.0 7.2 8.7 98 7.9 7.1 8.7

Conductivity (us/cm) 162 268 231 309 85 290 262 321 98 318 270 394

Organic N (mgIL) 7 0.23 0.09 0.30 7 0.22 0.08 0.28 7 0.17 0.11 0.22

Ammonia N (mgIL) 7 0.01 0.01 0.01 7 0.01 0.01 0.02 7 0.01 0.01 0.01

Nitrate+Nitrite N (mgIL) 7 0.06 0.01 0.19 7 0.14 0.01 0.67 7 0.18 0.01 0.69

Tolal Nitrogen (mgIL) 7 0.29 0.22 0.37 7 0.37 0.21 0.95 7 0.36 0.16 0.86

Tolal Phosphorus (mgIL) 7 0.009 0.003 0.020 7 0.009 0.004 0.020 7 0.010 0.005 0.020
TN I TP Ratio 7 50.8 11.0 86.7 7 50.0 14.0 95.0 7 45.1 9.0 88.0
Chlorophyll-a (ugIL) 7 4.6 2.0 9.0 7 5.7 4.0 10.0 7 5.4 4.0 11.0
TOC 7 2.6 1.9 3.1 7 2.2 1.8 2.6 7 1.9 1.7 2.1

Secchi Depth (m) 7 2.94 1.20 4.40 7 2.36 1.80 3.10 7 2.48 1.90 3.10

I=Water QualityMonitoringto support ADEMTribularyNutrientloading StudY;fullVitalSigns Monitoringnot conducted
2=Water QualityMonitoringimtiatedanMaydue to drought conditions;fullVitalSIgns Monitoringnot conducted

(Ifa duphcatellriplicatesample is collected at a samphng location.onlythe firstsample (DI or T1) of the duplicateltriphcateISusea to determine the mean, minimum,and maximum
values.)
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Table 2

1999 Vital Signs Reservoir Monitoring Summary

Cherokee Forebay (HRM 55.0)2 Cherokee Mid-Res (HRM 76.0)2

N Mean Min Max N Mean Min Max

Temperature (deg C) 122 18.5 8.3 30.0 90 21.2 11.2 30.6

Dissolved Oxygen (mgIL) 122 5.1 0.2 10.9 90 3.8 0.1 16.3

pH (s.u.) 122 7.9 7.2 8.8 90 7.8 7.2 8.9

Conductivity (us/em) 122 299 256 356 90 313 265 376

Organic N (mgIL) 6 0.31 0.23 0.40 6 0.39 0.34 0.43

Ammonia N (mgIL) 6 0.01 0.01 0.01 6 0.04 0.01 0.16

Nitrate+Nitrite N (mgIL) 6 0.09 0.01 0.41 6 0.10 0.01 0.20

Total Nitrogen (mgIL) 6 0.41 0.25 0.82 6 0.53 0.43 0.72

Total Phosphorus (mgIL) 5 0.013 0.007 0.020 5 0.'032 0.020 0.050

TN I TP Ratio 5 33.90 12.50 42.00 5 17.21 10.20 26.00

Chlorophyll-a (ugIL) 6 9.2 6 16 6 14.2 8 28
TOC 6 3.0 2.2 3.7 6 3.1 2.4 3.5

Secchi Depth (m) 7 2.06 1.50 3.25 6 1.56 1.00 2.25

Douglas Forebay (FaRM 34.5) Douglas Mid-Res (FaRM 51.0)

N Mean Min Max N Mean Min Max

Temperature (deg C) 104 20.3 7.6 30.1 79 21.6 11.0 30.7

Dissolved Oxygen (mgIL) 104 5.0 0.1 11.0 79 5.3 0.2 11.1

pH (s.u.) 104 7.7 6.8 9.4 79 7.9 6.7 9.3

Conductivity (us/em) 104 163 144 216 79 166 138 235

Organic N (mglL) 7 0.26 0.18 0.40 7 0.34 0.22 0.41

Ammonia N (mglL) 7 0.02 0.01 0.06 7 0.02 0.01 0.05

Nitrate+Nitrite N (mgIL) 7 0.14 0.01 0.54 7 0.10 0.01 0.36

Total Nitrogen (mgIL) 7 0.42 0.28 0.73 7 0.46 0.34 0.77

Total Phosphorus (mgIL) 7 0.014 0.010 0.020 6 0.023 0.010 0.030
TN I TP Ratio 7 29.6 21.0 36.5 6 21.9 13.0 43.0

Chlorophyll-a (ugIL) 7 8.9 6.0 11.0 7 15.3 10.0 30.0

TOC 7 2.6 2.2 2.9 7 2.8 2.5 3.0

Secchi Depth (m) 7 2.01 1.25 2.75 7 1.34 0.90 1.60

Fort Patrick Henry(SFHRM 8.7)

N Mean Min Max

Temperature (deg C) 73 16.6 9.3 26.7

Dissolved Oxygen (mglL) 73 7.8 1.9 20.0

pH (s.u.) 73 7.9 7.3 9.1

Conductivity (us/em) 73 222 174 270

Organic N (mglL) 7 0.36 0.15 0.57

Ammonia N (mglL) 7 0.01 0.01 0.02

Nitrate+Nitrite N (mglL) 7 0.31 0.07 0.84

Total Nitrogen (mgIL) 7 0.68 0.53 1.00

Total Phosphorus (mgIL) 7 0.029 0.020 0.050

TN I TP Ratio. 7 26.8 13.0 50.0

Chlorophyll-a (ugIL) 6 19.7 8.0 28.0
TOC 7 2.7 2.0 3.3

Secchi Depth (m) 7 1.35 1.00 2.00

Boone Forebay (SFHRM19.0) Boone Mid-Res (SFHRM 27.0) Boone Mld-Res (WRM 6.5)

N Mean Min Max N Mean Min Max N Mean Min Max

Temperature (deg C) 134 16.6 7.3 27.3 110 18.1 8.8 27.4 86 18.3 7.7 27.5

Dissolved Oxygen (mgIL) 134 5.6 0.2 14.9 110 5.4 0.1 16.9 86 7.9 0.9 13.2

pH (s.u.) 134 7.8 7.1 9.6 110 7.9 7.4 9.3 86 8.0 7.1 9.3

Conductivity (us/em) 134 200 131 279 110 257 171 349 86 158 130 211

Organic N (mgIL) 7 0.38 0.28 0.53 7 0.49 0.33 0.82 7 0.44 0.24 0.56

Ammonia N (mglL) 7 0.01 0.01 0.02 7 0.02 0.01 0.04 7 0.01 0.01 0.02

Nitrate+Nitrite N (mgIL) 7 0.11 0.01 0.64 7 0.11 0.01 0.66 7 0.15 0.01 0.56

Total Nitrogen (mgIL) 7 0.50 0.35 0.93 7 0.62 0.35 1.12 7 0.59 0.42 0.81

Total Phosphorus (mgIL) 7 0.019 0.010 0.020 7 0.033 0.020 0.060 7 0.033 0.020 0.040

TN I TP Ratio 7 27.7 17.5 46.5 7 19.2 11.7 25.0 7 19.3 10.5 27.0

Chlorophyll-a (ugIL) 7 18.4 9.0 46.0 7 27.3 12.0 37.0 7 25.7 13.0 46.0

TOC 7 3.7 2.1 4.8 7 4.1 2.8 5.1 7 3.1 2.2 3.8

Secchi Depth (m) 7 1.39 0.75 2.10 7 1.10 0.60 1.50 7 1.26 1.00 1.50

1=WaterQualityMonitoringto support ADEMTributaryNutrientloading StudY;fullVitalSigns Monitoringnot conducted
2=Water QualityMonitoringinitiatedin Maydue to droughtconditions;fullVitalSigns Monitoringnot conducted

( a duplicateJtriplicatesample is collected at a sampling location.onlythe firstsample (D1or T1)of the duplicateltriplicateis used to determine the mean. mInimum.and maximum
values.)



Tempe/3ture (deg C)
Dissolved Oxygen (mgIL)
pH (s.u.)
Conductivity (us/em)

Organic N (mgIL)

Ammonia N (mgIL)
Nit/3te+Nitrite N (mgIL)

Tolal Nitrogen (mglL)

Tolal Phosphorus (mgIL)
TN I TP Ratio

Chlorophyll-a (ug/L)
TOC
Secchi Depth (m)

Tempe/3ture (deg C)
Dissolved Oxygen (mglL)
pH (s.u.)
Conductivity (us/em)
Organic N (mgIL)
Ammonia N (mg/L)
Nit/3te+Nitrite N (mg/L)
Total Nitrogen (mglL)
Total Phosphorus (mgIL)
TN I TP Ratio

Chlorophyll-a (uglL)
TOC

Se<:chi Depth (m)

Tempe/3ture (deg C)
Dissolved Oxygen (mgIL)
pH (s.u.)
Conductivity (us/em)
Organic N (mgIL)
Ammonia N (mg/L)
Nit/3te+Nitrite N (mg/L)"
Total Nitrogen (mglL)
Total Phosphorus (mgIL)
TN I TP Ratio
Chlorophyll-a (ugIL)
TOC
Secchi Depth (m)

Tempe/3ture (deg C)
Dissolved Oxygen (mgIL)
pH (s.u.)
Conductivity (us/em)
Organic N (mgIL)
Ammonia N (mgIL)
Nit/3le+Nitrite N (mglL)
Total Nitrogen (mgIL)
Total Phosphorus (mgIL)
TN I TP Ratio

Chlorophyll-a (ugIL)
TOC
Se<:chi Depth (m)

1=Water Quality Monitoring to support ADEM Tributary Nutrient Loading Study; full Vllal Signs Monitoring nOIconducted

2=Water Quality Monitoring initialed ,n May due 10 droughl conditions; full Vllal SIgns Monitoring not conducted

(If a duplicale/lriplicale sample is collected al a sampling locabon. only the first sample (01 or 11) of the duplicalellripllcale is used to determine the mean. minimum. and maximum

values.)
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Table 2
1999 Vital Signs Reservoir Monitoring Summary

South Hotston Forebay (SFHRM 61.0)2 South Holston Mid-Res (SFHRM 62.5)2

N Mean Min Max N Mean Min Max

173 12.7 6.5 28.4 113 16.6 7.1 28.6
173 6.2 0.3 14.3 113 5.1 0.1 14.1
173 7.7 7.1 9.0 113 7.8 7.2 9.2
173 208 188 355 113 216 182 271

6 0.30 0.17 0.72 6 0.33 0.21 0.58
6 0.01 0.01 0.01 6 0.01 0.01 0.01
6 0.18 0.10 0.40 6 0.12 0.01 0.54
6 0.49 0.29 1.13 6 0.46 0.25 1.13
6 0.007 0.004 0.010 6 0.016 0.007 0.030
6 86.78 29.00 226.00 6 38.39 12.50 113.00
6 4.3 3 5 6 9.3 6 16
6 2.4 1.9 2.8 6 2.5 1.9 3.1
6 3.98 2.25 5.90 6 2.49 1.50 4.75

Apalachia Forebay (HiRM 67.0)

N Mean Min Max

100 16.1 7.7 27.8
100 7.2 0.5 11.8
100 6.7 6.1 8.3
100 26 22 49

7 0.09 0.05 0.15
7 0.01 0.01 0.02
7 0.13 0.10 0.16
7 0.23 0.18 0.31
7 O.oog 0.003 0.020
7 47.5 9.5 103.3
6 5.2 3.0 8.0
7 1.4 1.2 1.7
7 3.79 2.75 5.00

Hiwassee Forebay (HiRM 77.5)2 Hiwassee Mid-Res (HIRM 85.0)2

N Mean Min Max N Mean Min Max

147 17.0 9.1 28.5 98 18.6 10.2 29.1
147 6.3 0.2 11.7 98 7.2 1.7 12.7
147 6.7 6.1 9.1 98 7.0 6.2 9.4
147 27 23 40 98 29 23 169

6 0.11 0.05 0.14 6 0.11 0.08 0.13
6 0.01 0.01 0.02 6 0.02 0.01 0.04
6 0.08 0.02 0.16 6 0.05 0.01 0.12
6 0.20 0.13 0.28 6 0.18 0.14 0.24
6 0.011 0.003 0.020 6 0.011 0.004 0.020
6 33.39 6.50 93.33 6 22.67 8.50 60.00
5 5,6 2 12 5 9.0 3 15
6 1.5 1.2 2.0 6 1.6 1.2 2.0
6 3.50 2.60 4.50 6 3.33 2.75 4.25

Chatuge Forebay (HIRM 122.0) Chatuge Forebay (SCM 1.5)

N Mean Min Max N Mean Min Max

106 17.0 7.5 31.2 105 17.2 7.5 30.9
106 6.4 0.3 11.1 105 6.3 0.3 11.2
106 6.8 5.8 8.7 105 6.8 5.8 8.8
106 21 17 59 105 21 18 50

7 0.10 0.04 0.14 7 0.12 0.07 0.22
7 0.01 0.01 0.01 7 0.01 0.01 0.01
7 0.04 0.01 0.11 7 0.04 0.01 0.11
7 0.15 0.07 0.21 7 0.17 0.09 0.24
7 0.010 0.003 0.040 7 0.020 0.004 0.090
7 29.1 5.0 70.0 7 24.4 2.1 60.0
6 3.8 2.0 8.0 6 4.7 2.0 11.0
7 1.6 1.3 2.2 7 1.6 1.3 2.1
7 2.83 2.00 4.00 6 2.88 2.30 3.75



Temperature (deg C)
Dissolved Oxygen (mgJl)
pH (s.u.)
Conductivity (usIcm)
Organic N (mgJl)
Ammonia N (mgJl)
Nitrate+Nitrite N (mgJl)
Total Nitrogen (mgJl)
Total Phosphorus (mgJl)
TN I TP Ratio

Chlorophyll-a (ugJl)
TOC
Secchi Depth (m)

Temperature (deg C)
Dissolved Oxygen (mgJl)
pH (s.u.)
Conductivity (usIcm)
Organic N (mglL)
Ammonia N (mgJl)
Nitrate+Nitrite N (mgJl)
Total Nitrogen (mglL)
Total Phosphorus (mgJl)
TN I TP Ratio

Chlorophyll-a (uglL)
TOC
Secchi Depth (m)

Temperature (deg C)
Dissolved Oxygen (mgJl)
pH (s.u.)
Conductivity (usIcm)
Organic N (mgJl)

Ammonia N (mgJl)

Nitrate+Nitrite N (mgJl)

Total Nitrogen (mgJl)

Total Phosphorus (mgJl)
TN I TP Ratio

Chlorophyll-a (ugJl)
TOC
Secchi Depth(m)

Temperature (deg C)
Dissolved Oxygen (mgJl)
pH (s.u.)
Conductivity (us/em)
Organic N (mgJl)
Ammonia N (mgJl)
Nitrate+Nitrite N (mgJl)
Total Nitrogen (mgJl)
Total Phosphorus (mgJl)
TN I TP Ratio

Chlorophyll-a (uglL)
TOC
Secchi Depth (m)

..

1=Water Quality Monitoring to support ADEM Tributary Nutrient loading Study; full Vllal Signs Monitoring not conducted

2=Water Quality Monitoring initiated in May due to drought conditions; full Vllal Signs Monitoring not conducted

(If a dupJicate/triplicate sampte is collected at a sampling location, only the first sample (01 or T1) of the duplicatellriplicate is used to determine the mean, minimum, and maximum

values.)

99Section3,Table2 with Extra Res WOsum99.xls (Station Summaries), 09126f.28(1!17

Table 2

1999 Vital Signs Reservoir Monitoring Summary

Nottely Forebay (NoRM 23.6) Nottely Mld-Res(NoRM31.0)

N Mean Min Max N Mean Min Max

122 16.7 7.6 30.1 79 18.7 7.9 30.9
122 6.0 0.3 11.0 79 5.5 0.2 11.2
122 6.7 5.8 9.1 79 6.6 5.9 7.6
122 27 23 73 79 29 24 75

7 0.14 0.08 0.22 7 0.16 0.09 0.44
7 0.01 0.01 0.01 7 0.01 0.01 0.01
7 0.04 0.01 0.17 7 0.04 0.01 0.15
7 0.20 0.13 0.30 7 0.29 0.11 0.70
7 0.015 0.003 0.040 7 0.032 0.006 0.160
7 23.0 6.5 46.7 7 22.0 1.6 55.0
6 9.7 1.0 23.0 6 9.3 3.0 21.0
7 2.0 1.5 2.7 7 1.7 1.3 2.2
7 2.06 0.90 2.75 7 1.58 0.70 2.00

Blue Ridge Forebay (ToRM54.1)

N Mean Min Max

130 17.0 5.4 29.4
130 7.6 0.4 11.5
130 6.6 5.8 8.5
130 17 15 30

7 0.07 0.03 0.12
7 0.01 0.01 0.01
7 0.04 0.01 0.11
7 0.14 0.10 0.17
6 0.005 0.002 0.010
6 38.3 11.4 SO.O
6 2.0 1.0 3.0
7 1.2 1.0 1.7
7 3.81 2.75 4.50

Deoee No.1 Forebay (ORM12.5)

N Mean Min Max

102 16.3 7.8 29.6
102 8.1 5.1 10.9
102 6.5 5.9 8.0
102 56 46 65

7 0.10 0.02 0.32
7 0.01 0.01 0.02
7 0.07 0.05 0.10
7 0.17 0.11 0.38
7 0.005 0.002 0.010
7 48.8 12.0 SO.O
6 2.2 1.0 3.0
7 1.2 1.0 1.4
7 3.92 2.50 5.00

Beech Forebay (BRM36.0)2

N Mean Min Max

36 24.8 19.0 32.0
36 4.6 0.2 9.4
36 6.8 5.8 8.0
36 62 44 172
6 0.36 0.18 0.50
6 0.03 0.01 0.08
6 0.01 0.01 0.01
6 0.40 0.21 0.52
6 0.027 0.020 0.040
6 16.17 10.50 26.00
6 16.7 10 30
6 4.1 3.3 5.6
6 1.17 0.90 1.80



1=Water Quality Monitoring to support ADEM Tributary Nutnent Loading Study; full Vllal Signs Monitoring not conducted

2=Water Quality Monitoring initiated in May due to drought conditions; full Vital Signs Monitoring not conducted

(If a duplicateltripilcate sample IS collected at a sampling location. only lIIe first sample (D1 or T1) of lIIe dupilcate/tnpilcate IS used to determine lIIe mean. minimUm, and maximum

values.)

99Section3.Table2 with Extra Res WQsum99.xls (Station Summaries), 09126/21)QO7

Table 2
1999 Vital Signs Reservoir Monitoring Summary

,
Bear Creek Forebay (BCM 75.0) '(-.

N Mean Min Max

Temperature (deg C) 66 22.0 12.4 30.7

Dissolved Oxygen (mg/L) 66 4.1 0.1 9.8

pH (s.u.) 66 6.9 6.1 8.9

Conductivity (usfcm) 66 74 46 197

Organic N (mgIL) 6 0.36 0.26 0.50

Ammonia N (mg/L) 7 0.02 0.01 0.06

Nitrate+Nitrite N (mg/L) 7 0.18 0.01 0.67

Total Nitrogen (mg/L) 7 0.51 0.12 0.97

Total Phosphorus (mg/L) 7 0.030 0.020 0.060

TN I TP tio 7 20.3 6.0 36.5

ChlorophyJl-a (uglL) 7 15.6 7.0 28.0
TOC 7 3.2 2.2 4.3

Secchi Depth (m) 7 1.23 1.00 1.50

Little Bear Creek Forebay (LBCM 12.5)

N Mean Min Max

Temperature (deg C) 97 18.3 10.5 31.0

Dissolved Oxygen (mg/L) 97 3.9 0.1 10.1

pH (s.u.) 97 7.1 6.1 8.9

Conductivity (us/em) 97 110 94 151

Organic N (mg/L) 7 0.19 0.12 0.32

Ammonia N (mg/L) 7 0.02 0.01 0.03

Nitrate+Nitrite N (mglL) 7 0.09 0.01 0.36

Total Nitrogen (mg/L) 7 0.30 0.19 0.54

Total Phosphorus (mg/L) 7 0.015 0.008 0.030
TN I TP Ratio 7 25.4 9.5 54.0

Chlorophyll-a (ug/L) 7 4.9 2.0 7.0
TOe 7 2.7 2.0 4.1

Secchi Depth (m) 7 2.69 1.70 4.70

Cedar Creek Forebay (CCM 25.2)

N Mean Min Max

Temperature (deg C) 96 20.2 10.7 30.7

Dissolved Oxygen (mg/L) - 96 3.8 0.1 9.9

pH (s.u.) 96 7.6 6.7 8.6

Conductivity (us/em) 96 239 209 478

Organic N (mgIL) 7 0.21 0.15 0.33

Ammonia N (mgIL) 7 0.01 0.01 0.02

Nitrate+Nitrite N (mg/L) 7 0.06 0.01 0.29

Total Nitrogen (mg/L) 7 0.28 0.17 0.50

Total Phosphorus (mgIL) 7 0.011 0.005 0.020
TN I TP Ratio 7 33.3 8.5 55.6

Chlorophyll-a (ug/L) 7 4.4 2.0 9.0
TOC 7 3.0 2.3 4.2

Secchi Depth (m) 7 2.13 1.50 2.60
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Figure 1. Chlorophyll-a Scoring Methods for Reservoirs

Chlorophyll-a Scoring Methods for Mesotrophic Reservoirs
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Chlorophyll-a Scoring Methods for Oligotrophic Reservoirs
(Hiwassee and Uttle Tennessee River Watersheds)
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Average Summer Chlorophyll-a Concentration

Chlorophyll-a Rating - The chlorophyll-a rating at each sampling location is based on the average summer concentration
(of monthly photic zone composite samples). Iftriplicate samples are collected at a sampling location, only the median
value of the triplicate is used in the calculation of the summer average and the maximum. If a monthly chlorophyll-a sample
has a concentration that exceeds 30 ugIJ, the value is not included in the calculation of the summer average, however, the
final chlorophyll-arating is decreased one unit, (i.e. 5 to 4, or 4 to 3, etc.) foreach sample that exceeds 30 ugIJ.

. If nutrients are present (e.g. total phosphorus greater than about 0.01 mg/L and nitrate+nitrite-nitrogen
greater than about 0.05 mglL) but chlorophyll-a concentrations are generally low (e.g. < 3uglL), other
limiting or inhibiting factors (e.g., high streamflows, turbidity, toxicity, etc.) must be considered. When these
conditions exist, the chlorophyll-a rating is decreased one unit.
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Section 4.0. Sediment Oualitv

Philosophical Approach/Back2round

Sediments at the bottoms of reservoirs serve as a repository for a variety of materials,

especiallychemicalswhich a have low solubilityin water. If contaminated,bottom sedimentscan

be long-tenn sources of toxic substances to the aquatic environment and can have adverse impacts

on bottom fauna. They may impact wildlifeand humans through the consumption of

contaminated food or water or through direct contact: These impacts may occur even though the

water above the sedimentsmeets water quality criteria. Thus, examinationof reservoir sediments

is useful to determine if toxic chemicalsare present and if chemicalcomposition is changing

through time.

There are several sediment assessment methods, but there is no single method that

measures all contaminated sediment impacts at all times and to all biologicalorganisms (EPA,

1992). Prior to 1995, TVA's approach used two sediment assessment methods-one biological

(toxicity tests), the other chemical(direct chemicalanalysisof sediments)--to evaluate sediment

quality. In 1995 and subsequentyears only sediment chemicalanalysisof heavy metals,

pesticides, and PCBs has been used. The primary reason for excludingtoxicity tests in 1995was

budget reductions. Another important reason was that toxicity testing protocols had changed

often during the four years they had been part of this monitoring program precludingyear to year

comparisons. Test media had changed from sedimentelutriate to sedimentpore water. Test

procedures/organisms had changed from Microtox@,to Microtox@ plus Rototox@, and later to

Rototox@ plus 24-hour acute test using Ceriodaphnia. Protocols were to change again in 1995 to

the newly approved EPA methods using whole sedimentsand amphipods and midge larvae.

As discussed in Section 1 of this report, an initialquestion concerning evaluation of

sediment monitoring results and implicationsof sediment quality on overall reservoir ecological

health is essentiallya classificationissue - should evaluations of sedimentresults be based on:

(1) ideal conditions~for example, sediments should not have high concentrations of metals

compared to background, should have no or at most very low concentrations of pesticides, and

should not pose a toxic threat to biota; or (2) the best conditions expected for a reservoir given

the environmentaland operational characteristics of the dam/reservoir; for example, high
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conce~trations of reduced metals are acceptable in tributary reservoirs due to anoxic conditions

resulting from long retention times and thennal stratification. The approach taken for these

studies accepts only ideal conditions. That is, metal concentrations should not be elevated and

pesticides should not be present. In this situation, there is no need for classificationbecause the

same conditions are desired for all reservoirs.

Sediment Collection Methods

Sediment samples were collected during the summer of 1999 trom 33 locations, i.e., the

forebays and transition zones (or mid-reservoir) of 6 run-of-river reservoirs and12 tributary

reservoirs as shown in Table 2 of Section 1. In addition, 5 of the 33 locations were randomly

selected for replicate QA/QC sampling. Unfonunately, replicate samples were collected at only

three sites due to oversight by the sampling crew. Replicate samples were collected, handled, and

processed independently from the other samples at each respective site. Results from these three

sets of replicates were used to assess field methods consistency, variations in laboratory

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

were used to collect approximately the top three centimeters of sediment. Each sediment sample

was a composite of at least three subsamples independently collected at each sampling location

from the original stream channel. At each sampling site, the subsamples were composited,

thoroughly mixed to unifonn color and consistency. Samples were placed on ice immediately

after collection and compositing, and were shipped or carried to the laboratory where they were

analyzed for 13 metals and 26 selected organics (organochlorine pesticides and PCBs), as shown

in Tables 1 and la.

Sediment Ratin!!: Scheme

A5 described above, sediment quality evaluations were based on both results of toxicity

tests (STOX)and chemical analysis (SCHM)prior to 1995. The Sediment Quality Rating scheme

used during this period was the result of average rating of the sample's toxicity and its sediment

chemistry:

Sediment Quality Rating =0.5 (STOXrating + SCHMrating).



Since both the sediment toxicity rating and the sediment chemistryrating could range from 1

(poor quality) to 5 (excellent quality), this resulted in an final, Sediment QualityRating ranging

from 1 (poor quality) to 5 (excellentquality) for a given reservoir location. To arrive at an overall

ecological health score for a reservoir location, this SedimentQualityRating was then combined

with ratings for the other four indicators (DO, chlorophyll,benthos, and fish). Together, all five

indicators carried equal weight and each indicator could range ITom1to 5. This methodology is

described in more detail in Section 1.

With the eliminationof sediment toxicity testing beginningin 1995, it seemed

inappropriate that the Sediment QualityRating (based only on the results of chemicalanalyses)

should carry equal weight with the other four ecological indicators. It was decided that the

Sediment QualityRating would be revised and carry only halfthe weight as the other four

indicators of reservoir ecological health, and equal one half the sedimentchemistry rating.

Consequently, the revised SedimentQualityRating ranges ITom1 (poor quality) to 2.5 (excellent

quality).

Sediment Quality Rating =0.5 (SCHMrating).

When this monitoring began in 1990 there were no sedimentguidelinesfor this region

of the country to use as the basis for evaluatingsediment chemistryresults. However, guidelines

for metals had been suggested by EPA Region V for the Great Lakes (EPA, 1977). A

comparison of sediment chemistryresults from this monitoringprogram to those guidelines found

that, except in known polluted areas (and except for zinc as describedbelow), results from

Tennessee Valley reservoirs rarely exceeded the values suggested by EPA, Region V. Thus, these

guidelines for cadmium, chromium,copper, lead, mercury, and nickelwere accepted as the

standard for comparison of sediment chemistry(metals) concentrations resulting from this

monitoring program (Table 1).

The initialcomparison of metals concentrations ITomTennessee Valleyreservoirs to

guidelines suggested by EPA, Region V found numerous areas where zinc concentrations

exceeded the suggested guidelineof 200 uglkg. This indicatedthat the EPA, Region V suggested

guideline of200 ug/kg for zinc may not be an appropriate measure of "back-ground" conditions'

for the Tennessee Valley. Because the suggested guidelineof200 uglkg did not allow for
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discrimination among sites, a detailed review of all available zinc results for the Tennessee Valley

was conducted (based on a STORET retrieval at that time). A5 a result of that review, a

concentration of300 ug/kg was selected because it effectively separated areas with known or

suspected sources fiom those considered to be representative of "background" conditions.

Arsenic was added to the list of metal analytes for this monitoring program beginning in

1994. A comparison of arsenic concentrations in sediments from Tennessee Valley reservoirs to

the EPA, Region V suggested guideline for arsenic (8.0 uglkg) resulted in the same problem

described above for zinc - this concentration did not effectivelydiscriminate among sites. After

thorough consideration of all sediment results from this region, a concentration of 15 uglkg was

accepted as the "back-ground" value for purposes of evaluating Vital Signs results.

The approach to evaluating results from laboratory analysis of sediment samples for

organochlorine pesticides and PCBs was different from that for heavy metals. Metals are a

natural component of soil and sediment so there is a "back-ground" concentration which must be

considered acceptable. This is not the case for the organochlorine pesticides and PCBs because

these are man-made chemicals. Therefore, the approach taken for evaluating these results was

that presence of any of these chemicalswas indication of an undesirable condition and thus caused

the sediment quality rating to be lowered. This approach means that the laboratory detection limit
.

is the "guideline" for these chemicals (Table 1 and la).

Each sampling location's sediment chemistry is rated as follows:

Sediment Chemistry
SCHMRating

5 (good)
3 (fair)
1 (poor)

Sediment Chemistry*
No analytes exceed guidelines;
One or two analytes exceed guidelines;
Three or more exceed guidelines.

*Analytes (i.e., heavy metals, pesticides, and PCBs) and guidelines are listed in Tables 1
and la.

Results from 1999 Monitorin2

Table 2 provides sediment chemistry rating, Final Sediment Quality Rating, and comments

for each location examined in 1999. Table 3 presents the actual sediment chemistry data which.

resulted in the sediment chemistry rating for each location.



" It should be noted that an improved digestion procedure (Hotblock) was used beginningin

1999. Digestion techniques used during the years have changed ITomGlass (1990-1994) to

Teflon (1995-1998) to Hotblock (1999). The Hotblock procedure provides better digestion and

extraction for all metals but has particular implicationsfor arsenic because it provides better

conversion of all arsenic states to As-6. As a result, arsenic concentrations increased at many sites

compared to previous years, but few exceeded the guidelineof 15 uglkg.
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Table 1

Physical/Chemical Measurements of Sediment,
Reservoir Vital Signs Monitoring, 1999

DescriDtion. units
Detection limits

(drv weiaht)
Sediment Quality

Guidelinesa

Metals
Aluminum, mg/kg
Arsenic, mg/kg
Cadmium, mg/kg
Calcium, mg/kg
Chromium, mg/kg
Copper, mg/kg
Iron, mg/kg
lead, mg/kg
Magnesium, mg/kg
Manganese, mg/kg
Mercury, mg/kg
Nickel, mg/kg
Zinc, mg/kg

5 mg/kg
0.5 mg/kg
0.5 mg/kg
10 mg/kg
5 mg/kg
1 mg/kg
1 mg/kg
5 mg/kg
1 mg/kg
0.5 mg/kg
0.1 mg/kg
5 mg/kg
1 mg/kg

15 mg/k~
6 mg/kg-
75 mg/kgb
50 mg/kgb

60 mg/kgb

-
1 mg/kgb
50 mg/kgb
300 mg/kg

Aldrin, J.l.9/kg
~-Benzene Hexachloride (BHC), J.l.9/kg
j3-Benzene Hexachloride (BHC), J.l.9/kg
y-Benzene Hexachloride (Lindane), J.l.9/kg
8-Benzene Hexachloride (SHC), J.l.9/kg
Chlordane, ~g/kg
Dieldrin, ~g/kg
p,p DDT, ~glkg
p,p ODD, J.l.9/kg
p,p DDE, J.l.9/kg
~-Endosulfan, J.l.9/kg
j3-Endosulfan, J.l.9/kg
Endosulfan Sulfate, ~g/kg
Endrin, J.l.9/kg
Endrin Aldehyde, J.l.9/kg
Heptachlor, J.l.9/kg
Heptachlor Epoxide, J.l.9/kg
Methoxychlor, J.l.9/kg
PCB-1221, ~g/kg
PCB-1232, ~g/kg
PCB-1242, ~g/kg
PCB-1248, ~g/kg
PCB-1254, ~g/kg
PCB-1260, J.l.9/kg
PCB-1016, ~g/kg
PCB's, Total, J.l.9/kg
Toxaphene, ~g/kg

Oraanochlorine Pesticides and PCB's
10 ~g/kg
10 ~g/kg
10 ~g/kg
10 J.l.9/kg
10 J.l.9/kg
10 ~glkg
1a J.l.9/kg
10 ~glkg
10 J.l.9/kg
10 J.l.9/kg
10 J.l.9/kg
10 J.l.9/kg
10 J.l.9lkg
10 J.l.9/kg
10 J.l.9/kg
10 J.l.9/kg
10 ~g/kg
10 ~g/kg
25 J.l.9/kg
25 J.l.9/kg
25 J.l.9lkg
25 J.l.9/kg
25 J.l.9/kg
25 J.l.9/kg

25 J.l.9/kg

25 J.l.9/kg
500 J.l.9/kg

10 ~glkg
10 ~glkg
10 ~glkg
10 J.l.9/kg
10 ~glkg
10 J.l.9/kg
10 ~g/kg
10 J.l.9/kg
10 J.l.9/kg
10 J.l.9/kg
10 J.l.9/kg
10 J.l.9/kg
10 J.l.9/kg
10 J.l.9/kg
1a J.l.9/kg
10 ~g/kg
10 J.l.9/kg
10 J.l.9/kg
25 J.l.9/kg

25 ~g/kg
25 J.l.9/kg

25 J.l.9/kg

25 J.l.9lkg
25 ~g/kg
25 J.l.9/kg

25 J.l.9lkg

500 J.l.9/kg

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



Table 1a

Analytical Methodology for Vital Signs Sediments, 1999

Parameter Reference Method Description

Minimum
Detectable

Concentration

Pesticides/PCBs: EPA, SW 846: CH2CL2,Kuderna-Danish/Mercury (KD/Hg),
Methods3550A&8080A GasChromatograph/ElectronCapture(GCIEC)

Pesticides
Toxaphene
PCB's

Metals:

Iron
Manganese
Calcium
Magnesium
Copper
Zinc
Aluminum
Nickel
Cadmium
Chromium
Lead

Arsenic:

Mercury:

Residue:
(Solids)

Total
Volatile

Reference:

10 ug/Kg
... 500 ug/Kg

.. ... ..__. ... ... 25 ug/Kg

EPA, SW 846: HN03,
Methods 3050A &6010A Inductively Coupled Argon Plasma (ICAP)

............................................................................................. 1 mg/Kg
0.5 mg/Kg
10 mg/Kg

1 mg/Kg
1 mg/Kg
1 mg/Kg
5 mg/Kg
5 mg/Kg

0.5 mg/Kg
5 mg/Kg
5 mg/Kg

.............................................................................................

...............................................................................................

.............................................................................................

.............................................................................................

.............................................................................................

...............................................................................................

....................................................................................................

...............................................................................................

...............................................................................................

.................................................................................................

EPA, SW 846:
Method7060A

HN03, 0.5 mg/Kg
Atomic Absorption Spectrophotometry (AAS),
Heated Graphite Atomizer (HGA)

EPA, SW 846:
Method7471A

HN~KMN04, 0.10 mg/Kg
Cold Vapor (CV)-AAS

EPA, SW 846:
Method3550A

Gravimetry

0.1 0/0
0.1 0/0

Test Methods for Evaluatina Solid Waste, Physical/Chemical Methods, SW 846, United States
Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, DC 20460, Third Edition, Updates I, II, and \lA, September 1994.



Table 2

1999 Sediment Ratings -Vital Signs Reservoir Monitoring

Sediment Quality Rating = 0.5 (SED CHM)
(Note; if an analyte was found at the detection limit. 0.5 points was added to the Final

Sediment Rating; or if an organic compound was detected on the primary column yet not

confirmed on the secondary column. 0.5 was added to the Final Sediment Rating.)
SED-CHM ~?~..if' FINAL

; ill s~
~ 11~:'!il~lililill:i!lllllll~ ~
G mmmu'::!:~:mrm@ I

!!i::IIIIII~II:II'II'i!:II'!1 :

Chemistrv

5 -no anaJytes
3 - 1 or 2 analytes
1 - 3 or more analvtes

-
Reservoir

Kentucky

Wheeler

Mile

TRM 23.0

TRM 85.0

Big Sandy7.4

TRM 277.0

TRM 295.9

Elk River6.0

Nickajack I TRM425.5

Chickamauga I TRM 472.3
TRM 490.5

Hiwassee 8.5

Fort Loudoun I TRM605.5

Tellico

Norris

Douglas

Ft.Pat Henry

TRM 624.6

LTRM 1.0

LTRM 15.0

CRM 80.0

CRM 125.0

PRM 30.0

FBRM 33/34.5

FBRM 51.0

SFHR 8.7

Comment
Collection Date

I

# #

yymmdd Pest.Metals

990714

990714

990714

990712

990712

990712

990708

990707 0 1 3 (4)

Dup-1 I 990707 0 5
.i::::::'::::::::::j::Uf:;::'j::::':.mi:::::::::::::U::::::::::::j:jt::::::~:::l:::'::::::::j:j~j::::::::~:~:::::!

990707 1 1 3

990713 1 2 1 (2)
990715 0 5

.~::t~:::::::::::::::I,:::.:::::::t;j~~::::::~::::::::::::~::~:~:t:::.~:::::::::::::::::~::~:t::::::::

990713

990713

990713 1 3 (4)

COMMENTS

(ppb, dry weight)

As=21

PCB-1254=80,PCB-1260=31

Zinc=300

Chlordane=12, Zinc=550

PCB-1254=30, Chlordane=24

0.5 (1) IPCB-1254=30, Chlordane=23
Zinc=300

2.5
2.5

0.5 (1) I As=25,Chlordane=10,Lead=72
2.5
2.5

t:~:::::.::':i!::::::::::::::::::::::t::t~:::::~:~::::::t:::::::_41~1~::::r:j::::~:::~::::t::1

3

3

1.5
1.5

Chlordane=19
Chlordane= 19

1.5 (2) I Chlordane=23, Copper=50

0 5
0 5
0 1 3

0 5
0 5
0 5

3

990712 2 3

990712 2 1 1 (2)

990712
I

5
990712 5

2.5
2.5
1.5

2.5
2.5
2.5

1.5

1.5 (2)
2.5

1.5

1.5



Table 2

1999 SedimentRatings- Vital Signs Reservoir Monitoring

Chemistry

5 -no analytes
3 -1 or 2 analytes
1 -3 or more analvtes

-
Reservoir

Boone

Apalachia

Chatuge

Nottely

Blue Ridge

Mile
Collection Date I #

yymmddComment

SFHR 19.0

SFHR 27.0

WRM 6.5

990712

990712

990712

HiRM 67.0 990707

HiRM 122.0

Shooting Cr. 1.5

990706

990706

NRM 23.5
NRM3a.O

990706

I

0
990706 0

ToRM 54.1 Dup-1

I

990706 I 0

':;:;:\2t:::t::'C:::::tiili7o$.tttm
9EP.;.;..:...;.:-;.;.;.;.;.;.:.:. .;.:.:...;.:.:...;.;.;.;.;.;.;.;.;.;.;.;.;.;.:.;.;.;.:.:.:.;.

990707

990713 I 0

990713 I 0

990713 I 0

Sediment Quality Rating = 0.5 (SED CHM)
(Note: if an analyte wa$ found at the detection limit, 0.5 point&wa$ added to tho Final

Sediment Rating; or if an organic compound wa$ delected on the primary column yet nol

confirmed on the $econdary column, 0.5 wa$ added to the Final Sediment Rating.)
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3

2 1

1.5
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COMMENTS

(ppb, dry weight)

Chlordane=29

Chlordane=37

Chlordane=47, Copper-65
Zinc=330

Copper=79

Chromium=94, Copper=67
Nickel=53

5 2.5

o 5 2.5

1 3
3 1

1.5
0.5

5
5

2.5
2.5

4 0 I I 0.0 IPCB-1254=110,Copper=1400
As=23, Lead=450,Zinc=1200

I
5 2.5

5 2.5

5 2.5

Ocoee No. 1 ORM12.5

Bear Creek BCM 75.0
-

L. Bear Creek LBCM12.5

Cedar Creek CCM 25.2



Taole 3

1999 Vital Signs Reservoir Monitoring Sediment Data

Metals Img/kg,dry weight)

A A C C C C I L M M M N Z

I R A A H 0 R E A A E I I

u S D L R P 0 A Q N R C N

m E M C 0 P N D N Q C K C

N I I M E E A U E

n I U U I R S N R L

u C M M U I E y

Semple Dete m M U S

Reservoir Mile Comment yymmdd M E

Kentucky TRM 23.0 990714 30000 8.8 <0.5 8300 40 23 31000 21 3300 3300 0.17 35 120

Kentucky TRM 85.0 990714 16000 5.7 <0.5 3300 23 13 19000 14 2000 1600 0.1 19 74

Kentucky BSRM 7.4 990714 6000 21 <0.5 460 7.6 3.6 33000 4.5 580 960 0.12 6.2 19

Wheeler TRM 277.0 990712 36000 8.8 <0.5 3800 44 31 36000 29 3300 2200 0.16 39 180

Wheeler TRM 295.9 990712 28000 8.6 <0.5 3100 40 29 30000 28 3700 3300 0.18 32 170

Wheeler ERM 6.0 990712 21000 5.8 <0.5 8800 25 14 36000 20 3000 2200 <0.10 30 80

NlckaJack TRM 425.5 990708 23000 8 <0.5 8200 41 38 29000 43 3200 2900 0.42 30 290

Chickamauga TRM 472.3 990707 25000 11 <0.5 3400 38 49 37000 38 3400 5800 0.31 31 300

Chickamauga TRM 490.5 Dup-1 990707 20000 7.5 <0.5 3300 34 35 30000 33 3300 3100 0.43 28 280

Chickamauga TRM 490.5 Dup-2 990707 26000 6.8 <0.5 3500 37 36 34000 38 3600 3300 0.35 32 250

Chickamauga HIRM 8.5 990707 18000 6 0.7 3000 28 48 28000 29 2800 1400 0.27 21 550

Fort Loudoun TRM 605.5 990712 35000 10 0.6 5400 46 40 43000 42 4600 2700 0.14 36 280

Fort Loudoun TRM 624.6 990712 28000 7.2 0.9 8000 39 38 36000 39 5100 3100 0.15 31 300

Telllco LTRM 1.0 990712 37000 12 <0.5 2100 40 32 46000 35 3300 3700 0.13 32 150

Tellico LTRM 15.0 990712 32000 8 <0.5 1500 36 29 37000 24 3600 3200 0.13 29 120

Norris CRM 80.0 990713 30000 25 <0.5 3800 36 33 37000 72 3200 5400 0.18 38 150

Norris CRM 125.0 990715 24000 6.5 <0.5 7300 36 28 33000 31 4400 960 <0.10 36 140

Norris PRM 30.0 Dup-1 990715 24000 10 <0.5 7500 29 29 31000 51 4000 1300 0.11 36 200

Norris PRM 30.0 Dup-2 990715 25000 11 <0.5 7300 30 29 33000 51 4000 1500 <0.10 37 190

Douglas FBRM 34.5 990713 45000 7.7 <0.5 3200 56 40 46000 33 4900 800 0.13 40 200

Douglas FBRM 51 990713 23000 2 <0.5 3000 38 25 25000 23 4300 450 <0.10 23 170

Ft Pat Henry SFHRM 8.7 990713 31000 8.4 <0.5 6800 42 50 32000 32 4900 1400 0.18 30 210

Boone SFHRM 19.0 990712 39000 10 <0.5 4700 50 43 39000 41 5500 1200 0.14 37 210

Boone SFHRM 27.0 990712 25000 7.4 <0.5 36000 38 34 26000 34 4600 1100 0.13 29 130

Boone WRM 6.5 990712 36000 6.4 <0.5 6400 46 65 38000 45 8600 850 0.15 34 330

Apalachla HIRM 67.0 990707 58000 14 <0.5 850 47 43 68000 28 3800 1400 0.13 31 160

Chatuge HIRM 122.0 990706 47000 9.2 <0.5 580 68 79 50000 17 3000 450 0.10 35 98

Chatuge HIRM 122.0 Precision 990706 60000 8.7 <0.5 550 68 57 56000 16 2800 470 0.11 40 100

Chatuge SCM 1.5 990706 54000 11 <0.5 690 94 67 60000 17 2500 600 0.11 53 99



Table 3

1999 Vital Signs Reservoir Monitoring Sediment Data

MetaIs (mg/kg, dry weight)

A A C C C C I L M M M N Z

I R A A H 0 R E A A E I I

u S D L R P 0 A 0 N R C N

m E M C 0 P N D N 0 C K C

N - I I M E E A U E

n I U U . I R S N R L

u C M M U I E Y

Sample Date m M U 5

Reservoir Mile Comment yymmdd M E
.........

Nottely NoRM 23.5 990706 36000 5.1 <0.5 730 33 27 35000 12 2700 510 <0.10 17 83

Nottely NoRM 23.5 Precision 990706 50000 4.8 <0.5 650 33 28 40000 15 2500 540 <0.10 20 85

Nottely NoRM 31.0 990706 46000 6.3 <0.5 1200 52 44 44000 15 5300 500 <0.10 26 140

Nottely NoRM 31.0 Precision 990706 59000 6.1 <0.5 1100 52 46 47000 18 5000 520 <0.10 31 140

Blue Ridge ToRM 54.1 Dup.1 990706 53000 7.4 <0.5 550 45 40 46000 23 3800 500 <0.10 28 120

Blue Ridge ToRM 54.1 Dup.2 990706 60000 4.8 <0.5 590 47 42 54000 27 3600 530 0.11 28 120

Ocoee ORM 12.5 990707 43000 23 1.3 1300 39 1400 81000 450 3100 2600 0.20 26 1200
Bear Creek BCM 75.0 990713 27000 6.8 <0.5 1300 36 20 31000 21 2400 1200 <0.10 32 98

Little Bear Creek LBCM 12.5 990713 34000 14 <0.5 2500 54 20 41000 21 2700 940 0.12 39 160

Cedar Creek CCM 25.2 990713 32000 13 <0.5 9300 50 15 33000 17 3300 1400 <0.10 34 110
................

Results for Metals Digestion Blank (99/08554): <5 <0.5 <0.5 <10 <5 <1 <1 <5 <1 <0.5 <0.10 <5 <1

Results for Sediment Reference Material (99/08561):
ReportedValues 625 119 85.1 1928 127 80.9 758 78.1 128 213 2.7 94.5 68.7

Percent Recovery. 'Yo 139% 116% 96% 97% 96% 95% 137% 90% 109% 114% 94% 99% 96 'Yo

Certified Values 450 103 89 1988 132 85 553 87 117 187 3 95 72

Approx 95% C I,

VS-MS (Metals Spike) Reported Values 2420 37 12 7684 54 57 1234 106 443 1900 0,97 92 255

Percent Recovery.% 87% 92% 108% 92% 1'1% 115% 91% 111% 112% 83% 97% 112% 123%



, dole 3

1999 Vital Signs Reservoir Monitoring Sediment Data

Organochlorine Pesticides and PCBs (uglkg, dry weight)

A Benzene HexachlorldelBHC) C D DDT's Endosul'an E

L H I N

D A B D 0 L E p,p p,p p,p A B S D

R L E E A 0 L D D D L E U R

I P T L M R D D D D' P T L I

N H A T M D R D E T H A F N

A A A A I A A

Sample Date N N T

Reservoir Mile Comment yymmdd E E

Kentucky TRM 23.0 990714 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Kentucky TRM 85.0 990714 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Kentucky BSRM7.4 990714 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Wheeler TRM 277.0 990712 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Wheeler TRM 295.9 990712 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Wheeler ERM6.0 990712 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

NlckaJack TRM 425.5 990708 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

ChIckamauga TRM 472.3 990707 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

ChIckamauga TRM 490.5 DUP-1 990707 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Chickamauga TRM 490.5 DlP-2 990707 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Chickamauga HIRM8.5 990707 <10. <10. <10. <10. <10. 12 <10. <10. <10. <10. <10. <10. <10. <10.

Fort Loudoun TRM 605.5 990712 <10. <10. <10. <10. <10. 24 <10. <10. <10. <10. <10. <10. <10. <10.

Fort Loudoun TRM 624.6 990712 <10. <10. <10. <10. <10. 23 <10. <10. <10. <10. <10. <10. <10. <10.

Telllco LTRM 1.0 990712 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Telllco LTRM 15.0 990712 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Norris CRM 80.0 990713 <10. <10. <10. <10. <10. 10 <10. <10. 10. <10. <10. <10. <10. <10.

Norris CRM 125.0 990715 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Norris PRM30.0 DlP-1 990715 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Norris PRM30.0 DlP-2 990715 <10. <10. <10. <10. <10. 13 <10. <10. <10. <10. <10. <10. <10. <10.

Douglas FaRM 34.5 990713 <10. <10. <10. <10. <10. 19 <10. <10. <10. <10. <10. <10. <10. <10.

Douglas FBRM51 990713 <10. <10. <10. <10. <10. 19 <10. <10. <10. <10. <10. <10. <10. <10.

Ft Pat Henry SFHRM8.7 990713 <10. <10. <10. <10. <10. 23 <10. <10. <10. <10. <10. <10. <10. <10.

Boone SFHRM 19.0 990712 <10. <10. <10. <10. <10. 29 <10. <10. <10. <10. <10. <10. <10. <10.

Boone SFHRM27.0 990712 <10. <10. <10. <10. <10. 37 <10. <10. ;<10. <10. <10. <10. <10. <10.

Boone WRM 6.5 990712 <10. <10. <10. <10. <10. 47 <10. <10. <10. <10. <10. <10. <10. <10.

Chatuge HlRM 122.0 990706 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Chatuge HlRM 122.0 Recision 990706 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Chatuge SCM 1.5 990706 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Nottely NoRM23.5 990706 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.



Table 3

1999 Vital Si.gns Reservoir Monitoring Sediment Data

Organochlorine Pesticides and PCBs (ug/kg,dry weight)

A Benzene Hexechlorlde (BHC) C D DDT's Endosul'en E

L H I N

D A B D G L E p,p P,P P,P A B S D

R L . E E A 0 L D D D L E U R

I P T L M R. D D D D P T L I

N H A T M D R D E T H A F N

A A A A I A A

Semple De'e N N T

Reservoir Mil, Comment yymmdd E E

Nattely NoRM 23.5 Precision 990706 <10. <10. <10. <10 <10 <10 <10. <10. <10. <10. <10. <10. <10. <10.

Nottely NoRM 31.0 990706 <10. <10. <10. <10. <10 <10. <10. <10. <10. <10. <10. <10 <10. <10.

Nottely NoRM 31.0 Precision 990706 <10. <10. <10. <10. <10 <10 <10. <10 <10. <10. <10. <10 <10. <10.

Oeoee ORM 12.5 990707 <10. <10. <10. <10 <10. <10. <10. <10 <10 <10 <10. <10 <10 <10

Blue Ridge ToRM54.1 Dup.1 990706 <10. <10. <10. <10 <10. <10. <10. <10. <10. <10. <10. <10 <10. <10.

Blue Ridge ToRM 54.1 Dup.2 990706 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Apalachla HlRM67.0 990707 <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10. <10.

Bear Creek BCM 750 990713 <10. <10. <10. <10. <10 <10. <10. <10. <10. <10. <10. <10. <10. <10.

Utile Bear Creek LBCM 12.5 990713 <10. <10. <10. <10. <10 <10. <10. <10. <10. <10. <10. <10. <10 <10.

Cedar Creek CCM 25.2 990713 <10. <10. <10. <10. <10 <10. <10. <10. <10. <10. <10. <10. <10. <10.

........-.

Results from Organic Extraction Blank <10. <10. <10 <10. <10 <10. <10. <10. <10. <10. <10. <10. <10 <10

VS.MS (ORG PEST SPK) Reported Values 147 n .. .. 137 .. 195 .. .. 114 .. n .. 231

Percent Recovery 92% .. .. .- 86% .. 122% .. .- 71% .. - .. 144%

VS.MS(ORGCHLORSPIKE) Reported Velues .. 00 .. .. .. 636

Percent Recovery .. .. .. .. .. 95%



.. Ctole 3
Vital Signs Reservoir Monitoring Sediment Data

Organochlorine Pesticides and PCB's (uglkgdryweight)

EA H H E M Polychlorinated Biphenyls (PCB's) T
N L E E P E 0
DD P PO T 1 1 1 1 1 1 1 T X
RE T T X H 0 2 2 2 2 2 2 0 A
I H A AI 0 1 2 3 .. .. 5 . T P
NY C CD X . 1 2 2 8 .. 0 A H

D H HE Y L E
E L L C N

0 0 H E
R R L

Sample Dat. 0
Reservoir Mile Comment yymmdd R

Kentucky TRM 23.0 990714 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.

Kenlucky TRM 85.0 990714 <10. <10. <10. <10. <25. <25. <25 <25. <25. <25. <25. 0 <500.

Kentucky BSRM 7.4 990714 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.
Wheeler TRM 277.0 990712 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.
Wheeler TRM 295.9 990712 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.
Wheeler ERM 6.0 990712 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.

Nlckajack TRM 425.5 990708 <10. <10. <10. <10. <25. <25. <25. <25. <25. 80 31 111 <500.

ChIckamauga TRM 472.3 990707 <O. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.
ChIckamauga TRM 490.5 Dup-1 990707 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.

ChIckamauga TRM 490.5 Dup-2 990707 <10. <10. <10. <10. <25. <25. <25. <25. .<25. <25. <25. 0 <500.

Chickamauga HIRM 8.5 990707 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.
Fort Loudoun TRM 605.5 990712 <10. <10. <10. <10. <25. <25. <25. <25. <25. 30 <25. 30 <500.
Fort Loudoun TRM 624.6 990712 <10. <10. <10. <10. <25. '<25. <25. <25. <25. 30 <25. 30 <500.
Teilico LTRM 1.0 990712 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.
Telllco LTRM 15.0 990712 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.
Norris CRM 80.0 990713 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.
Norris CRM 125.0 990715 <10. <10. <10. <10. <25. <25. <25. <25. <25 <25. <25. 0 <500.
Norris PRM 30.0 Dup-1 990715 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.
Norris PRM 30.0 Dup-2 990715 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.

Douglas FBRM 34.5 990713 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.

Douglas FBRM 51 990713 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.

Ft Pat Henry SFHRM 8.7 990713 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.
Boone SFHRM 19.0 990712 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.
Boone SFHRM 27.0 990712 <10. <10. <10. <10. <25. <25. <25. <25. . <25. <25. <25. 0 <500.
Boone WRM 6.5 990712 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.

Apalachla HIRM 67.0 990707 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.

Chatuge HIRM 122.0 990706 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.

Chatuge HIRM 122.0 A'eclslon 990706 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.



Table 3

Vital Signs Reservoir Monitoring Sediment Data

Organochlorine Pesticides and PCB's (ug/kg dry weight)

EA H HE M Polychl?rlneted Biphenyls (PCB's) T

N L E EP E 0

DO P PO T 1 1 1 1 1 1 1 T X

R E T T X H 0 2 2 2 2 2 2 0 A

I H A AI 0 1 2 3 4 4 5 II T P

NY Cc CO X II 1 2 2 8 4 0 A H

0 H HE Y l E

E l l C N

0 0 H E

R R l

Semple Date 0

Reservoir Mile Comment yymmdd R

Chatuge SCM 1.5 990706 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <50(l

Noltely NoRM 23.5 990706 <10. <10. <10. <10. <25. <25. <25. <25 <25. <25. <25. 0 <500.

Nollely NoRM 23.5 Precision 990706 <10. <10 <10. <10. <25 <25. <25. <25. <25 <25. <25 0 <500.

Nolte1v NoRM 31.0 990706 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25 0 <500.

Nottely NoRM 31.0 Precision 990706 <10. <10. <10. <10. <25. <25. <25. <25 <25. <25. <25. 0 <500.

acoee aRM 12.5 990707 <10. <10. <10. <10. <25. <25. <25 <25. <25. 110 <25. 110 <500.

Blue Ridge ToRM 54.1 Dup-1 990706 <10. <10. <10. <10 <25. <25. <25. <25. <25. <25 <25. 0 <500.

Blue Ridge ToRM 54.1 Dup-2 990706 <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.

Bear Creek BCM 75.0 990713 <10 <10. <10. <10. <25. <25. <25 <25. <25. <25. <25. 0 <500.

LlltleBear Creek LBCM 12.5 990713 <10. <10. <10. <10. <25. <25. <25 <25. <25 <25. <25 0 <500.

Cedar Creek CCM 25.2 990713 <10. <10. <10. <10. <25 <25. <25. <25 <25 <25. <25. 0 <500.

......----.

Results for OrgantcsExtracllonBlank (99/08553) <10. <10. <10. <10. <25. <25. <25. <25. <25. <25. <25. 0 <500.

VS-MS(ORGPCBSPK) ReportedValues .. .. .. .. .. .. .. .. .. 577

PercentRecovery,% .. .. .. .. .. .. .. .. .. 87%

VS.MS (ORGPESTSPK) ReportedValues .. 134

PercentRecovery,% .. 84'1.

VS.MS (ORGTOXSPK) ReportedValues .. .. .. -- .. .. .. .. .. .- .. .. 670

PercentRecovery,.
.. .. .. .. .. - .. 67%



..

Section 5. Benthic Macroinvertebrates

Philosoohical AooroachIBack2round

Benthic macroinvertebrates are usually included in aquatic monitoring programs because

they are important to the aquatic foodweb and because they have limited capabilityof movement

thereby preventing them from avoiding undesirableconditions. The assemblageof

macroinvertebrates in a reservoir is expected to be vastly different from that in a free-flowing

river. Also, substantial differencesare expected along a longitudinalgradient with organisms

adapted to a more riverine environment expected at the upper end or inflow of a reservoir and

organisms adapted to a lacustrine environmentexpected in the pool near the dam. Other factors

to consider in evaluating the benthos in reservoirs include reservoir operational characteristics

(e.g., depth of withdrawal for discharge, water depth, depth of drawdown for flood control,

retention time, stratification, bottom anoxia, substrate type and stability)and physical/chemical

features owing to geological characteristics of different ecoregions.

One of the most important factors to consider is that reservoirs are artificialsystems. This

is a significantissue because it influencesthe approach to be taken in interpretation of the data

once collected. Because reservoirs are man-made systems, it is not possible to follow the well

accepted Index of Biotic Integrity (IBI) approach of using reference sites to set the yard stick or

expectations (termed reference conditions) of what a "good" benthic macroinvertebrate

assemblage would be in a reservoir unaffected by human impacts. Other approaches must be used

to develop the criteria by which the results will be compared to determine if they represent good,

fair, or poor conditions. These include: historical or preimpoundment conditions, predictive

models, best observed conditions, or professionaljudgment. As,stated above, preimpoundment

conditions are inappropriate due to significanthabitat alterations. The state of the science of

benthic macroinvertebrate assemblagesin reservoirs is insufficientfor predictive models to be

effective. This leaves the latter two as the most viable alternativesfor establishingappropriate

reference conditions or expectations for these organisms in reservoirs. TVA's experience has

found use of best observed conditions adjusted using professionaljudgment is the best approach.

Use of best observed conditions requires an extensive database to determine expectations, and use

of professionaljudgment requires substantial experiencewith the group of reservoirs under

consideration. To use this concept, results in the data base which approach desired conditions for



a given characteristic (metric) are considered representative of best observed condition.

Monitoring results falling within that range would be considered "good". Details of this approach

to developing scoring ranges are provided later in this section.

Another important consideration in evaluating benthic macroinvertebrate results is that

care must be taken to compare only those reservoirs for which comparison is appropriate. That

is, only reservoirs for which similar communities.would be expected should be compared--those in

the same ecoregion with comparable physicalcharacteristics. Hence, separation of reservoirs into

appropriate classes is a critical step.

TVA's monitoring program includes 31 reservoirs. For classificationpurposes these have

been divided into two major groups: run-of-the-river reservoirs (those with short retention times

and winter drawdown of only a few feet) and tributary reservoirs (those with long retention times

and substantial winter drawdowns). The tributary reservoirs have been further divided into three

groups by ecoregion and reservoir physicalcharacteristics.

* These reservoirs are included in their respective classes because they are physically located within the specified
ecoregion; however, results were excluded from developing scoring ranges: Apalachia and Fl. Patrick Henry
because of their nominal drawdown and short retention times are uncharacteristic of other reservoirs their in class;
Beech because its physical attributes (primarily its shallow nature and bowel shape) are quite different from the
other reservoirs in that class; and Parksville because of known pollution (very high metal concentrations), which
would be expected to cause a degraded benthic macroinvertebrate community.
** Tims Ford is in the Interior Plateau ecoregion but due to operational and morphological characteristics was
considered more similar to and classified with Ridge and Valley reservoirs. Results from Tims Ford were excluded
from developing reference conditions for either class.
*** Tellico is essentially in a class by itself -it has a nominal drawdown like the other run-of-river reservoirs to
allow for navigation yet it typically stratifies in swnmer like a tributary reservoir due to its physical characteristics,
in particular its relatively long retention time. For these reasons, results for Tellico were excluded from developing
scoring criteria for all reservoir classes and was scored against run-of-river reservoir scoring criteria.

Tributary Reservoirs
Run-of-River Blue Ridge Ridge & Valley Interior Plateau

Kentuckv Apalachia* Cherokee Nonnandy
Pickwick Hiwassee Ft. Patrick Henry* Bear Creek
Wilson Chatuge Boone Little Bear Creek
Wheeler Nottelv South Holston Cedar Creek
Guntersville Parksville* Douglas Beech*
Nickaiack Blue Ridge Norris
Chickamauga Fontana Tims Ford**
Watts Bar Watauga
Fort Loudoun
Tellico***
Melton Hill



Once reservoirs have been appropriatelyclassified,scoring criteria (i.e., those values for

each characteristic or metric whichwill be consideredgood, fair, or poor) must be developed.

When using best observed conditions, a data base must exist and decisions made as to how best

separate data for each metric into the three scoring ranges. TVA's approach is, for each metric,

to first omit outliers, then trisect the range of the remainingvalues (includingzero if appropriate

for a particular metric). Cutoff points between the ranges are examinedclosely and adjusted as

needed based on professionaljudgment. These three ranges represent good, fair, and poor

conditions and form the reference conditions or expectations for each metric. More details of

TVA's approach to developing scoring ranges are provided under the Benthic macroinvertebrate

Invertebrate Rating Scheme below.

Samole Collection Methods

Benthic macroinvertebrate sampleswere collected in the late fall/earlywinter (November-

December) at 38 locations on 18 TVA reservoirs in 1999 (Table 1, Section 1). This was the fifth

year for sample collection to occur during the late faWearlywinter time frame. Previous to 1995,

sample collection had occurred during late winter/early spring (February-March). The problem

with using late winter/early spring benthic macroinvertebrate information is that the results are an

indication of the conditions which existed during the summerand autumn of the previous year.

This had the undesirable effect of causing results for benthic macroinvertebrates to be out of

synch with the rest of the monitoring data for a particular year because Vital Signs monitoring

results are summarizedand reported on a calendaryear cycle. Benthos samplingwas initially

conducted in late winter/early spring because the required reporting date of mid-Januarydid not

allow sample processing time in the laboratory. Also, there was concern that insect instars would

be so small that they could pass through the collection screen and/or be difficult to identify.

Thorough evaluation of the 1993-1994 results showed late fall/earlywinter collection and use of

field identificationto the Family and Order levelswould negate most of the problems resulting

trom late winter/early spring samplingand would improve the contribution of this important

assemblage to the overall reservoir evaluation. The basis for these changes is documented in

Section 4, Appendix A of Dycus, 1995. Evaluation of data resulting trom use of these methods is



discussed in Dycus and Meinert, 1996 (summarizing 1995 results), Dycus and Meinert, 1997

(summarizing 1996 results), and Dycus, Meinert, and Baker, 1999 (summarizing 1998 results).

At each sample location, a line-of-sight transect was establishedacross the width of the

reservoir, and one Ponar grab sample collected at 10 equally-spaced locations along this transect.

When rocky substrates were encountered, a Peterson dredge was used. Care was taken to collect

samples only ITomthe permanently wetted bottom portion of the reservoir (i.e., below the

elevation of the minimumwinter pool level). Samples were washed, counted, and identified in the

field to either Family or Order level as appropriate (i.e., the lowest practical in the field). Samples

were then transferred to a labeled collectionjar, and fixed with 10 percent buffered formalin

solution.

The Quality Control (QC) element of the benthic macroinvertebrate evaluation includes

two components. One examines how the final benthic score is affected by the change froni

laboratory processing to field processing. The other examines the reproducibility of benthic

macroinvertebrate sampling results. To fulfillthe first component, samples from seven sites

(about 20% of the sampling locations) were processed in the field (described above) and later sent

to the benthic laboratory for processing as in previous years (sorted and quantified at the lowest

practical taxon). Benthic scores were developed for both sets of sample results and compared.,
To examine the reproducibility of the collection and analysisprocedure, the same seven

sites selected above were sampled a second time. This was achieved by collecting the first set of

10 samples, leaving the sampling location, and then returning as near as possible to the original

transect site (usually on the same day) and repeating the collection of a second (replicate) set of

10 samples. In this effort, both sets of samples were field processed and benthic scores developed

for each set of samples and compared. All classes of reservoirs and types oflocations (i.e.,

forebay, transition zone, embayment, and inflow) were included in the QC effort.

Benthic Macroiovertebrate Ratio!! Scheme

Selection of specific metrics and their associated reference conditions (expectations) are

obviously important steps in developing a rating scheme for an indicator. Basically, this means

selecting the characteristics (metrics) of an indicator, in this case benthic macroinvertebrates,

which will form the basis of the evaluation and further deciding the scoring range for each metric



which will be used to identifYgood, fair, and poor conditions. Generally,a numeric value is then

assigned to each metric depending on where it falls in the scoring range with good = 5, fair= 3,

and poor = 1. The metrics are then summedto provide an overall evaluation or rating for the

indicator.

The number of metrics used by this monitoring program to evaluate benthic

macroinvertebrate results varied between six"andeight the first few years with seven being used

the last four years. Through 1997 the same metrics were used for all classes of reservoirs

sampled, although scoring ranges differed by reservoir class and type of sample location.

Beginning in 1998 and continued into 1999, certain metrics differedbetween the run-of-river

reservoirs and tributary reservoirs, although seven metrics were used in both cases. The need for

this change was identifiedby the QC component of this program and discussed in Dycus and

Meinert, 1998. The problem was that scores for repeat sets of samplesfrom tributary reservoirs

were occasionallyquite different from one another. The primary contributingfactor appeared to

be presence/absence of one or two EPT organisms in one sample set yet not in the repeat set.

EPT organisms are relativelyrare in tributary reservoirs due to physicalconstraints. As a result,

scoring criteria were comparably low for the EPT metric as well as the Long-lived metric (EPT

organisms are the primary contributor to this metric in tributary reservoirs). !fit happened that

just one or two mayflies,for example,were found in a sample set, the rating for the EPT metric

could shift trom poor (1 point) to good (5 points). !fit happened that the mayflywas greater than

10 mm in length, it would also count as a Long-lived taxon and result in a shift from 1 to 5 points

for that metric. Absence of mayfliesin the repeat set could cause up to 10point differencein the

Benthic Macroinvertebrate Score between the sample sets. This was considered unacceptable.

This situation arose because metrics to evaluate the benthic communitywas first

developed for use on results trom the run-of-river reservoirs where EPT organisms, especially

mayflies,are common. The same metrics were later applied to results from the tributary

reservoirs with the assumption that simplyadjusting the scoring range would be sufficientto

account for differencesbetween the two groups of reservoirs. The QC program demonstrated

this assumption was not valid and some type of change was needed.

One of the potential solutions described in Dycus and Meinert (1998) was to determine if

other metrics might be more appropriate for tributary reservoirs. Experience has shown that the
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benthic macroinvertebrate fauna in tributary reservoirs is dominated by chironomids and

oligochates with other taxa present on a case by case basis. Therefore, the metrics chosen for use

must accept the fact that the benthos present in tributary reservoirs are ecologicallypoor by any

other comparison. After careful evaluation it was determined that five of the seven metrics which

had been used previously still had validityfor use on tributary reservoir benthos data. However,

the EPT Taxa and Long-Lived Taxa metrics were not appropriate. Two new metrics were chosen

as replacements. One was Non-Chironomid & Oligochaete Taxa and the other was Chironomid

Density. The first accepts the fact that presence (survival) of any taxon in addition to chironomid

and oligochaete taxa is indicat~veof improved conditions compared to their absence. The second

accepts that increasing density of chironomids indicates conditions are better than conditions

where chironomids cannot survive at all.

The metrics used to evaluate 1998and 1999 benthic macroinvertebrate results are

identified in the table below and then described in more detail in the following paragraphs.

*Rather than eliminating use ofEPT organisms in tributaIy reservoirs, it was decided to allow "bonus
points" (up to 2) if any EPT organism was found at the site, as long as the resulting benthic score did not
exceed 35, the maximum possible benthic score as discussed later.

· Taxa richness (Used on both Run-of-River and Tributary Reservoirs)-This metric is

calculated by averaging the total number of taxa present in each sample at a site. Taxa

generally means Family or Order level because samples are processed in the field. For

chironomids, taxa refers to obviously different organisms (i.e., separated by body size,

Run-of-River Tributary
Metric Reservoirs Reservoirs *

TaxaRichness X X ,

EPT Taxa X

Long -Lived Taxa X
Non-Chironomid & X X
Oligochaete Density
Percent Oligochaetes X X
Dominance X X
Zero Samples X X
Non-Chironomid & X
Oligochaete Taxa
Chironomid Density X



head capsule size and shape, color, etc.). An increase in taxa richness indicates better

conditions than low taxa richness.

. EPT (Used on Run-of-River Reservoirs only)- This metric is calculated by averaging

the number ofEphemeroptera, Plecoptera, and Trichoptera taxa present in each

sample at a site. Higher diversityof these taxa indicatesgood water quality and other

habitat conditions in streams. A similaruse is incorporated here despite expected

lower numbers of these organisms in reservoirs than in streams.

. Long-lived organisms (Used on Run-of-River Reservoirs only)-This is a

presence/absence metricwhich is evaluated based on the proportion of sampleswith at

least one long-lived organism(Corbicul!!,Hexageni!!,mussels, and snails) present.

The presence oflong-lived taxa is indicativeof conditions which allow long-term

survival.

. Percentage as OligochaeteS (Used on both Run-of-River and Tributary Reservoirs)-

This metric is calculated by averagingthe percentage of oligochaetes in each sample at

a site. Oligochaetes are considered tolerant organisms so a higher proportion indicates

poor water quality.

. Percentage as dominant taxa (Used on both Run-of-River and Tributary

Reservoirs)- This metric is calculatedby selectingthe two most abundant taxa in a

sample, summingthe number of individualsin those two taxa, dividingthat sum by the

total number of animalsin the sample,and converting to a percentage for that sample.

The percentage was then average for the 10 samples at each site. Often, the most

abundant taxa differedamong the 10 samplesat a site. This allows more discretion to

identify imbalancesat a site than developingan average for a single dominant taxon for

all samples a site. This metric is used as an evenness indicator. Dominance of one or

two taxa indicates poor conditions.

. Density excluding Chironomids and Oligochaetes (Used on both Run-of-River and

Tributary Reservoirs)-This metric is calculatedby first summingthe number of

organisms excluding chironomidsand oligochaetespresent in each sample and then

averaging these densitiesfor the 10 samplesat a site. This metric examinesthe

community excludingtaxa which often dominateunder adverse conditions. A higher



abundance of non-chironomids and oligochaetes indicates good water quality

conditions.

. Zero-samples (Proportion of samples with no organisms present) (Used on both

Run-of-River and Tributary Reservoirs)- This metric is the proportion of samples at a

site which have no organisms present. "Zero-samples" indicate livingconditions

unsuitable to support aquatic life (i.e. toxicity, unsuitable substrate, etc.). Any site

having one empty sample was assigned a score of three, and any site with two or more

empty samples received a score of one. Sites with no empty samples were assigned a

score of five.

. Non-Chironomid & Oligochaete Taxa (Used on Tributary Reservoirs only)- This

metric is calculated by summingthe total number of taxa, excluding chironomid and

oligochaete taxa, present in each sample at a site. It is similar to the Taxa Richness

metric above, but it is not considered redundant with that metric. The Taxa Richness

metric on tributary reservoirs will be mostly chironomid and oligochaete taxa, whereas

this new metric highlights presence (survival) of any additional taxa and recognizes

their presence is indicative of improved conditions compared to their absence.

. Chironomid Density (Used on Tributary Reservoirs only)- This metric is calculated
.

by averaging the density of chironomids in each sample at a site. It accepts that, for

tributary reservoirs, increasing density of chironomids indicates conditions are better

than conditions where chironomids cannot survive at all.

Scoring Criteria for each of the metrics were developed using the-ayears of Vital Signs

monitoring which provide results tram samples processed in the field (1994 - 1999). Scoring

ranges were developed as follows:

. Individual criteria were developed for each type of sampling location (forebay,
transition zone/mid-reservoir, and inflow) for each of the four classes of reservoirs.

. Results trom the 10 samples along a transect for each year were combined (averaged
for most metrics) and outliers deleted.

· Results were then trisected with the third of the range representing desirable
conditions assigned a value of 5 (good), the middle one-third assigned a 3 (fair), and



-.- --- 00 . _...._

the third representing undesirableconditions assigned a 1 (poor). Prior to 1998,
trisection for all metrics was performed on the actual observed range of values.
Beginning in 1998 the approach changed for all metrics except for the Percentage as
Dominance Taxa metric. The approach for this metric was the same as in the past -
trisection was conducted on actual observed values. For example, if the average
Dominance at a particular type location in a particular reservoir class ranged trom 50
to 95 percent, the range (45) was trisected (15) and the resulting scoring ranges would
be 50 -65 percent = good,66 -80 percent = fair,and81-95 percent = poor. A
slightlydifferent approach was used for the other metrics beginning in 1998. For these
metrics, the trisection included the entire possible (theoretical) range trom the highest
observed value to zero. In the above examplethere mayhave been an observed range
in the number of taxa for all locations trom 3 to 9. For the new approach 9 would
have been trisected rather than 6 providing scoring ranges of:53 = poor,4 -6 = fair,
and?:.7= good. Values down to and includingzero were included in the trisection
even if they were not observed because zero represents an actual condition which
could occur and would represent the worse-case condition.

Following publication of the report summarizing 1998results we realizedwe had
incorrectly implementedthe change described above. We found we had trisected the
observed range rather than the maximumtheoretical range as desired. We then
incorrectly applied the trisected values or "cut-offs' to the maximumtheoretical range.
Dsing the observed example,where the number of taxa ranged trom 3 to 9, we
incorrectly trisected the observed range (6) which provided "cut-offs" of2 units each.
We then incorrectly appliedthose cut-offs to the maximumtheoretical range (0 -9)
which resulted in scoring ranges of:52 = poor,3 -5 = fair,and ?:.6 = good. This error
made the benthic communityscores presented in the 1998 report for field processed
samples appear higher than they should have been. Prior to analyzingresults for 1999,
new scoring ranges were correctly developed and data for all years for which the field
processed method has existed (1994 - 1999) were "rescored". These new scores are
presented below in the Results section of this report.

. Professionaljudgment and observations on the entire data base were used to adjust the
cutoffs for the range of each metric, as appropriate.

Scoring criteria which resulted trom these efforts are detailed by reservoir class for each

metric in Table 1. Two versions of Table 1 (a and b) are provided. Table la provides scoring

criteria for results for field processed samples. These criteria were developed based on samples

collected 1994 through 1999. Table Ib provides scoring criteria for results trom laboratory

processed samples collected for QC purposes in 1999. These criteria were developed based on

laboratory processing of samples collected 1994 through 1999.

As described above, sample results at each site were scored using the appropriate scoring

ranges for each metric and assigned a value of either 5 (good), 3 (fair), or 1 (poor). Numerical



ratings for the seven metrics were then summed. This resulted in a minimumscore of 7 if all

metrics at a site were poor, and a maximumscore of 35 if all metrics were good.

One use of the benthic macroinvertebrate score is to help establish the overall ecological

health score for a reservoir (see Section 1). The benthic macroinvertebrate community is one of

five indicators which are summed to arrive at an overall Ecological Health Index for a reservoir.

To arrive at an evaluation of the condition of the benthic macroinvertebrate community at

a sample location, scores were evaluated as follows:

Benthic Community Score 7-12
Community Condition Very Poor
Contribution to Reservoir 1

Ecological Health Score

13-18
Poor

2

19-23
Fair

3

24-29
Good

4

30-35
Excellent

5

Benthic community results along with results from the other four indicators and overall

ecological health scores for each reservoir are used to keep the public informed on the conditions

of Tennessee Valley reservoirs. In documents intended for the public, results for each of the five

environmental indicators at each sample site are presented using one of three colors --green

(good), yellow (fair), or red (poor). This necessitates dividingscores for each indicator into three

ranges. The benthic macroinvertebrate scores are categorized as follows:

Benthic Community Score
Color

7-16

Poor (Red)

17-26

Fair (Yellow)

27-35

Good (Green)

Results from 1999 Monitorin2:

Results and Benthic Community Scores

Results from 1999 benthos sampling are summarized for each sample location, separated

by reservoir class and reservoir zone, in Table 2. This table includes final benthic scores, ratings

for each of the seven metrics, and the data for each metric which drove the rating. Results for

1994, 1995, 1996, 1997, 1998, and 1999 were scored on the new criteria (as described above)

and included in Table 2. All results in Table 2 are trom field-processed samples. Results for lab-

processed (QC) samples for 1999 are in Table 3. Appendix C provides mean density for each

taxon at each location in 1999; first for field-processed samples, followed by lab-processed

samples.



Table 4 provides benthic communityscores for 1994 through 1999 at all monitoring

locations. Scores shown are for field processed samplesbased on the latest (1999) scoring

criteria. This table provides an "apples to apples" comparisonthrough time. The 1999 scores for

most locations (30 of38) were similarto past scores(+/- 5 points of the long-term average benthic

index score, see Section 1 for more detailed descriptionof comparisons among years).

Evaluation of OC Results

As described earlier, QC efforts for benthic macroinvertebrates includetwo components.

One is aimed at evaluating implicationsof developingscores for the benthic communitybased on

field processed samples begun in 1995, rather than on lab processed samplesas in previous years.

(Note: In 1994 all sampleswere processed in both the field and lab but reported only for the lab.

Beginning in 1995 the protocol changed to all field processingwith only a subset of samples sent

to the lab for verification.) Results (scores and metric ratings) from lab processed samples for this

QC component in 1999 are in Table 3. They are not reported in Table 2 because different scoring

criteria are used for lab processed samples, as discussed above.

The other QC component dealswith how well the benthic scores can be repeated and is

accomplishedby collecting a second set of samples(also processed in the field) at selected

locations. Results of this component for 1994, 1995, 1996, 1997, 1998, and 1999 are provided in

Table 2 and identifiedwith a "Q".

Determination of acceptable differencesfor QC results is an important issue and must

consider study design and planned use of results. Given that the primary use of these results is to

help evaluate the overall condition of a reservoir, the acceptable differencewas defined in terms of

impact on the Reservoir Ecological Health Score. The Reservoir Ecological Health Score is

developed by summing the points (ratings) for the five indicators (chlorophyll,DO, sediment

quality, benthos, and fish assemblage) and expressingas a percentage of the maximumpoints

possible (see Section 1). The benthic macroinvertebratecommunitycontributes from 1 to 5

points for each sample site to the overallReservoir EcologicalHealth Score. A benthic

community score between 7-12 contributes 1 point; 13-182 points; 19-23 3 points; 24-294

points; and 30-35 5 points. For reservoirs with only one sample location, a shift of 1 point

changes the Reservoir Ecological Health Score 4.4 percent, a shift of2 points results in an 8.8

percent change, etc. The former was deemed acceptable but the latter unacceptable. Therefore,



for both components of the benthos QC effort, the difference in contribution between the original

sample and the QC sample should be no more than 1 point.

When this reasoning is applied to the benthic score itself, replicate scores for QC sample

sets should be no more than 6 points apart. Differences greater than this could cause a 2 point

shift in the benthic community contribution to Ecological Health Score.

C Results: Comoarison of scores - field les in 1999

Run-of-the-Jljver Reservoirs

Wheeler Forebay
Chickamauga Transition Zone
Nickajack Inflow

Field Score

17 (Poor)
3 1(Excellent)
29 (Good)

Benthic Community Scores
Lab Score

19 (Fair)
23 (Fair)
27 (Good)

Difference
-2
+8
+2

Tributary Reservoirs
Field Score Lab Score Difference

Blue Jljdge Ecoregion
Blue Jljdge Forebay 23 (Fair) 27 (Good) -4

Jljdge and Valley Ecoregion
Douglas Forebay
Norris Powell Mid-reservoir

19 (Fair)
33 (Excellent)

17 (Poor)
27 (Good)

+2
+6

,
InteriorPlateauEcoregion
Bear CreekForebay 21 (Fair) 23 (Fair) -2

Note: Field processed samples are scored on expectations appropriate for that level of taxonomic discenunellt as
shown in Table la; whereas lab processed samples are scored on a different set of expectations appropriate tor thaI
level of discernment as shown in Table lb.

Differences in all but one sample set were less than the desired maximum of 6.

The maximum observed difference between scores iTomfield processed and lab processed

samples was 8 (1 set) and the minimumwas 2 (4 sets). The mean difference (1.4) for the seven

"paired" scores and associated 95 percent confidence interval (:!:4.1) provide a range (-0.2 to

5.5), also below the desired maximumof6. There appeared to be no bias in these 7 pairs of

scores. That is, scores iTomsamples processed in the laboratory were higher those when

processed in the field for 4 pairs and lower for 3 pairs. These QC results indicate that field

processing of samples provides a satisfactory evaluation of the reservoir benthic community.
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One concern in previous years has been a bias in benthic index scores between field and

lab processed samples. For the 1994-1996results there was a bias toward higher scores ITom

the samples when processed in the lab. As a result, adjustments in scoring criteria were made in

prior to scoring 1997 results. These adjustments had the desired effect of eliminatingthe bias

observed in 1994 - 1996, but may have gone too far and caused a possiblebias in the other

direction - scores for both 1997and 1998 tended to be higher based on the field derived results

than the lab derived results. (See the annual summaryreport for each of those years for detailed

explanation of suspected problems and adjustments made to correct those problems -references

cited above.)

Results for paired scores for 1999 are encouraging. Results ITomthis component of the

QC effort will continue to be examinedeach year to determine if additionalchanges to scoring

criteria are needed. However, further changes to the scoring criteria are undesirablebecause

continued changes could allow degradation to occur undocumented due to a continued lowering

of criteria. From the inception of this monitoring program, we had establisheda maximumof five

years to establisha data base from which to develop scoring criteria. The five-yearperiod was

almost reached in 1995when the decisionwas made to switch to field processing of samplesITom

the previous method of all laboratory processing. This necessitated "starting over" to develop

new scoring criteria suitable for taxonomic discernmentappropriate for samplesprocessed in the

field with the naked eye. This second five-year period has now been reached and several changes

in scoring criteria, as well as in the metrics themselves,have been required to reach what appears

to be reliable scoring criteria for field process samples(as indicated by the 1999 QC sample data).

Hopefully, the nominaldifferenceamong paired sets of samples and absence of bias will continue

in future years.

Run-of-the-River Reservoirs Benthic Community Scores
Field Score Original Field Score Repeat

17 (poor) 19 (Fair)
31 (Excellent) 25 (Good)
29 (Good) 31 (Excellent)

Difference
2
6
2

Wheeler Forebay
Chickamauga Transition Zone
Nickajack Inflow



Tributary Reservoirs Benthic Community Scores
Field Score Original Field Score Repeat Difference

Blue Ridge Ecoregion
Blue Ridge Forebay 23 (Fair) 23 (Fair) o

Ridge and Valley Ecoregion
Douglas Forebay
Norris Powell Mid-reservoir

19 (Fair)
33 (Excellent)

19 (Fair)
33 (Excellent)

o
o

Interior Plateau Ecoregion
Bear Creek Forebay 21 (Fair) 21 (Fair) o

Note: + and-signs are not provided for these differences because there is no basis for bias - neither
would be expected to be higher or lower than the other; tllerefore, the absolute rather than the relative
difference should be considered.

Scores ITomall paired sample sets compared favorably. Repli~ate sample sets trom all

seven sites had scores that differed by 6 points or less. Replicate sample sets ITomfour sites had

identical scores, and scores for replicate sample sets at two sites differed by only 2 points. None

of replicate sample sets had scores which differed by more than 6 points. The mean difference

(1.4) for all QC sites in 1999 and associated 95 percent confidence limits (:t 2.1) provide a range

(-0.7 - 3.5) which does not include 6.

The mean difference in scores between the original and repeat sample sets in 1999 was the

smallest to date. This improvement is likelydue to one or a combination of two factors: field

crews are becoming better at processing samples (picking animalsITomdebris and identifyingto

appropriate taxonomic level) in the field and/or the changes made in metrics for tributary reservoir

Maximum Observed 95% Lower Upper
Year Difference Mean CL Limit Limit
1994 12 2.3 :!:2.0 0.3 4.3

1995 8 4.0 :!:2.2 1.8 6.2

1996 12 4.5 :t 3.7 0.8 8.2

1997 . 8 2.9 :t2.6 0.3 5.5

1998 6 2.3 :!:1.9 0.4 4.2

1999 6 1.4 :!:2.1 -0.7 3.5



results (discussed above) achievedtheir desired effect. These QC results are encouraging and

indicate the methods used provide reproducible results.
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Table la. Scoring Criteria for Benthic Macroinvertebrate Community;
Field Processed Samples, Reservoir Vital Signs Monitoring -1999

Run-of-the-River Reservoirs

Benthic Community Forebav Transition Zone Inflow

Metrics 1 3 5 1 3 5 1 3 5

Taxa Richness g.4 2.5-4.7 4.8 g.l 2.2-4.3 4.4 g.8 2.9- 5.8
5.7

EPT 0.4 0.5-0.7 0.8 0.3 0.4-0.7 0.8 0.3 0.4- 0.8
0.7

Long-lived 0.3 0.4-0.7 0.8 0.3 0.4-0.7 0.8 O.3 0.4- 0.8
0.7

Non Chiron &Oligo 118 119- 36 g91 292- 581 568 569- 1153
Densitv 235 580 1152

Percent Oligochaetes 9.7 14.9- 14.8 8.0 14.0- 13.9 40.0 20.1- 20.0
29.6 27.9 39.9

Dominance 90.7 81.4- 81.3 87.8 78.8- 78.7 85.0 78.8- 78.7
90.6 87.7 84.9

Zero Samples 0.2 0.1 0 0.2 0.1 0 0.2 0.1 0

Blue Ridge Tributary Reservoirs*

Benthic Community Forebav Mid-Reservoir
Metrics 1 3 5 1 3 5

Taxa Richness 1.3 1.4- .8 - - - . 1.1 1.2- .4
2.7 2.3

Sum of Non Chiron & Oligo 4 5-8 9 - - - 1 2-4 5
Taxa

NonChironandOligo 66 67- 132 - - - 3.0 3.1- 6.2
Density 131 6.1

Chironomid Density 96 97- 192 - - - 185 186- 370
191 369

Percent Oligochaetes 57.9 29.0- g8.9 - - - 64.2 32.2- 32.1
57.8 64.1

Dominance 95.0 89.8- 89.7 - - - 98.7 97.3- 97.2
94.9 98.6

Zero Samples 0.3 0.1- 0 - - - 0.3 0.1- 0
0.2 0.2



Table 1a. Cont', Scoring Criteria for Benthic Macroinvertebrate Community;
Field Processed Samples, Reservoir Vital Signs Monitoring - 1999

*Two points were added to total score if any EPT were present as long as the adjusted score did
not exceed 35.

Interior Plateau Tributary Reservoirs'"

BenthicCommunity Forebay Mid-Reservoir
Metrics 1 3 5 1 3 5

Taxa Ridmess S;1.3 1.4- ?2.7 - - - - - -
2.6

Sumof NonChiron& Oligo S;l 2-3 4 - - - - - -
Taxa

Non Chironand Oligo S;11.0 11.1- 21.1 - - - - - -
Density 21.0

ChironomidDensity s;205 206- 409 - - - - - -
408

PercentOligochaetes 61 31-60 S;30 - - - - - -

Dominance 97.7 95.4- s;95.3 - - - - - -
97.6

Zero Samples 0.3 0.1- 0 - - - - - -
0.2

Ridge and Valley Tributary Reservoirs'"

Benthic Community Forebay Mid-Reservoir
Metrics 1 3 5 1 3 5

Taxa Richness S;0.8 0.9- 1.8 - - - S;1.5 1.6- 3.2
1.7 3.1

Sumof Non Chiron& Oligo S;l 2 3 - - - s;2 3-6 7
Taxa

Non Chiron and Oligo S;34 35-68 69 - - - S;10.0 10.1- ?20.1
Density 20.0

ChironomidDensity S;100 101- ?200 - - - S;321 322- 643
199 642

PercentOligochaetes 64.5 33.3- S;33.2 - - - 56.0 28.1- s;28.0
64.4 55.9

Dominance 99.0 97.8- s;97.7 - - - 97.0 94.0- S;93.9
98.9 96.9

Zero Samples 0.3 0.1- 0 - - - 0.3 0.1- 0
0.2 0.2



..

Table lb. Scoring Criteria for Benthic Macroinvertebrate Community; Lab
Processed Samples, Reservoir Vital Signs Monitoring - 1999

Run-of-the-River Reservoirs

Benthic Community Forebav Transition Zone Inflow
Metrics 1 3 5 1 3 5 1 3 5

Taxa Richness <2.8 2.8-5.5 >5.5 <3.3 3.3-6.6 >6.6 <4.2 4.2-8.3 >8.3

EPT <0.6 0.6-0.9 >0.9 <0.6 0.6-1.4 >1.4 <0.9 0.9-1.9 >1.9

Long-lived <0.6 0.6-0.8 >0.8 <0.6 0.6-0.9 >0.9 <0.6 0.6-0.8 >0.8

Percent Oligochaetes >41.9 41.9- <21.0 >21.9 21.9- <11.0 >23.9 23.9- <12.0
21.0 11.0 12.0

Dominance >90.3 90.3- <81.7 >87.9 87.9- <77.8 >86.2 86.2- <73.1
81.7 77.8 73.1

Non Chiron & Oligo <125.0 125.0- >249.9 <305.0 305.0- >609.9 <400.0 400.0- >799.9
Density 249.9 609.9 799.9

Zero Samples >0 - 0 >0 - 0 >0 - 0

Blue Ridge Tributary Reservoirs*

Benthic Community Forebav Mid-Reservoir
Metrics 1 3 5 1 3 5 1 3 5

Taxa Richness <1.8 1.8-3.5 >3.5 - - - <1.8 1.8-3.5 >3.5

Sum of Non Chiron & <5 5-9 >9 <5 6 - 10 >10
OligoTaxa

NonChiron& Oligo <25.0 25.0- >49.9 - - - <15.0 15.0- >29.9
Density 49.9 29.9

ChironomidDensity <91.1 91.1- >182.9 <167.1 167.1- ;;::334
182.9 334

Percent Oligochaetes >47.9 47.9- <24.0 - - - >53.9 53.9- <27.0
24.0 27.0

Dominance >96.0 96.0- <92.2 - - - >95.5 95.5- <92.4
92.2 92.4

Zero Samples >0 - 0 - - - >0 - 0



Table lb. Cont', Scoring Criteria for Benthic Macroinvertebrate Community; Lab
Processed Samples, Reservoir Vital Signs Monitoring - 1999

*Two points were added to total score if any EPT were present as long as the adjusted score did
not exceed 35.

Interior Plateau Tributary Reservoirs*

Benthic Community Forebav Mid-Reservoir
Metrics 1 3 5 1 3 5 1 3 5

Taxa Richness <1.7 1.7-3.4 >3.4 - - - - - -

Swn of Non Chiron& <6 6 -10 >10
0lio Taxa

Non Chiron& Oligo <25.0 25.0- >49.9 - - - - - -
Densitv 49.9

ChironomidDensity <56.1 56.1- >112.0
112.0

Percent Oligochaetes >61.9 61.9- <31.0 - - - - - -
31.0

Dominance >95.3 95.3- <91.4 - - - - - " -
91.4

Zero Samples o - 0 - - - - - -

Ridge and Valley Tributary Reservoirs*
.

Benthic Community Forebay Mid-Reservoir
Metrics 1 3 5 1 3 5 1 3 5

Taxa Richness <1.2 1.2-2.4 >2.4 - - - <2.0 2.0-3.9 >3.9

Swn of Non Chiron & <4 4-6 >6 <5 6-10 >10
Oligo Taxa

Non Chiron & Oligo <40.0 40.0- >79.9 - - - <21.0 21.0- >41.9
Densitv 79.9 41.9

Chironomid Density <82.1 82.1- > 163.9 <218.1 218.1- >435.9
163.9 435.9

Percent Oligochaetes >61.9 61.9- <31.0 - - - >41.9 41.9- <21.0
31.0 21.0

Dominance >98.3 98.3- <97.0 - - - >98.1 98.1- <96.6
97.0 96.6

Zero Samples >0 - 0 - - - >0 - 0



Table 2. Results and Ratings for individual Metrics and Final Benthic Scores. Separated by Reservoir
Class and Type of Sample Location.

Run-of-River Reservoirs - Forebay Sites

Reservoir Q Mile Year Score TAXA LLiVED EPT %OLlGO DOMN TOTNONCT ZEROS
Chickamauga Q 472.3 94 31 5.9 5 1 5 0.5 3 26.3 3 78.6 5 298.3 5 o 5
Chickamauga 472.3 94 31 5.3 5 1 5 1 5 13.8 5 82.3 3 151.7 3 o 5
Chickamauga 472.3 95 27 4.3 3 0.9 5 0.4 1 14.9 5 85.3 3 310.0 5 o 5
Chickamauga 472.3 97 29 5.5 5 0.9 5 0.3 1 6.1 5 81.7 3 353.3 5 o 5
Chickamauga 472.3 99 25 5.1 5 0.9 5 0.3 1 15.5 3 84.0 3 141.7 3 o 5
Fort Loudoun 605.5 94 13 3 3 0.1 1 0.1 1 34.6 1 99.3 1 7.6 1 o 5
Fort Loudoun 605.5 95 13 3.2 3 0.1 1 0.1 1 43.1 1 96.5 1 11.7 1 o 5
Fort Loudoun 605.5 96 11 2.9 3 0.1 1 0.1 1 38.0 1 99.5 1 3.3 1 0.1 3
Fort Loudoun Q 605.5 97 15 2.7 3 0.3 1 0.3 1 20.6 3 99.0 1 41.7 1 o 5
Fort Loudoun 605.5 97 15 3.2 3 0.4 3 0.4 1 38.0 1 99.3 1 30.0 1 o 5
Fort Loudoun 605.5 98 13 3.5 3 0.1 1 0.1 1 32.6 1 98.6 1 5.0 1 o 5
Fort Loudoun 605.5 99 9 2.4 1 0.1 1 o 1 36.3 1 100.0 1 3.3 1 0.1 3
Guntersville 350 94 27 4.9 5 1 5 0.6 3 20.0 3 86.6 3 143.3 3 o 5
Guntersville 350 96 35 6 5 1 5 0.8 5 12.8 5 72.6 5 246.7 5 o 5
Guntersville Q 350 98 35 7 5 1 5 1 5 5.0 5 74.4 5 283.3 5 o 5
Guntersville 350 98 35 7.1 5 1 5 1.1 5 4.1 5 71.9 5 328.3 5 o 5
Kentuckv 7.4 94 19 6.2 5 0.2 1 o 1 5.9 5 94.1 1 60.0 1 o 5
Kentuckv 7.4 95 19 4.9 5 0.1 1 o 1 8.7 5 93.5 1 78.3 1 o 5
Kentuc'N 7.4 97 23 5.6 5 0.5 3 0.1 1 2.4 5 93.7 1 128.3 3 o 5
Kentuc 7.4 99 21 6.3 5 0.3 1 0.3 1 10.6 5 89.6 3 86.7 1 o 5
Kentuc 23 94 27 6 5 0.9 5 0.2 1 25.6 3 81.0 5 173.3 3 o 5
Kentuc 23 95 23 4.4 3 0.7 3 0.2 1 17.4 3 85.4 3 523.3 5 o 5
Kentuc'N 23 97 27 6 5 0.7 3 o 1 7.2 5 86.3 3 328.3 5 o 5
Kentuc'N 23 99 21 5 5 0.6 3 o 1 15.1 3 85.7 3 106.7 1 o 5
MeltonHill 24 94 17 3.5 3 0.4 3 0.5 3 15.0 3 94.0 1 18.3 1 0.1 3
MeltonHill Q 24 96 19 2.5 3 0.3 1 0.5 3 11.0 5 94.0 1 28.3 1 o 5
MeltonHill 24 96 11 2.4 1 0.3 1 0.4 1 18.1 3 98.3 1 18.3 1 0.1 3
MeltonHill 24 98 17 2.9 3 0.6 3 0.6 3 4.1 5 96.9 1 30.0 1 0.2 1
Nickajack Q 425.5 94 31 4.8 5 0.9 5 1.1 5 11.3 5 82.4 3 151.7 3 o 5
Nickajack 425.5 94 31 4.8 5 0.8 5 1.5 5 4.5 5 82.8 3 138.3 3 o 5
Nickaiack Q 425.5 95 25 3.9 3 0.9 5 0.6 3 14.9 3 82.8 3 196.7 3 o 5
Nickaiack 425.5 95 29 4.2 3 0.9 5 0.8 5 16.3 3 76.3 5 171.7 3 o 5
Nickajack 425.5 97 33 5.9 5 1 5 1 5 6.3 5 81.9 3 331.7 5 o 5
Nickaiack 425.5 99 35 5.5 5 0.9 5 0.9 5 4.7 5 78.7 5 518.3 5 o 5
Pickwick 8.4 94 17 5 5 o 1 o 1 20.5 3 99.6 1 3.3 1 o 5
Pickwick 8.4 96 15 4.3 3 0.1 1 o 1 20.8 3 96.5 1 13.3 1 o 5
Pickwick 8.4 98 17 3.9 3 o 1 o 1 5.2 5 100.0 1 1.7 1 o 5
Pickwick 207.3 94 29 4.9 5 0.5 3 0.5 3 12.2 5 78.8 5 213.3 3 o 5
Pickwick 207.3 96 29 5 5 0.6 3 0.9 5 14.5 5 84.4 3 228.3 3 o 5
Pickwick 207.3 98 29 4.4 3 1 5 0.7 3 5.4 5 90.2 3 271.7 5 o 5
Tellico 1 94 7 0.8 1 o 1 o 1 55.6 1 100.0 1 0.0 1 0.4 1
Tellico 1 95 7 0.9 1 o 1 o 1 61.9 1 100.0 1 1.7 1 0.3 1
Tellico 1 97 9 1.8 1 0.1 1 0.1 1 28.5 3 98.1 1 11.7 1 0.2 1
Tellico 1 99 7 0.9 1 0.1 1 o 1 48.9 1 100.0 1 1.7 1 0.4 1



Table 2. Results and Ratings for individual Metrics and Final Benthic Scores. Seperated by Reservoir
Class and Type ot Sample Location.

Run-ot-River Reservoirs - Forebay Sites (Con't)

Reservoir Q Mile Year Score TAXA LLIVED EPT %OLlGO DOMN TOTNONCT ZEROS
Watts Bar 531 94 13 3.8 3 0.2 1 0.3 1 24.0 3 92.0 1 20.0 1 0.1 3
Watts Bar Q 531 96 13 3.1 3 0.2 1 0.4 1 44.4 1 94.8 1 10.0 1 o 5
Watts Bar 531 96 11 3 3 0.1 1 0.1 1 32.7 1 95.2 1 10.0 1 0.1 3
Watts Bar Q 531 98 15 4.3 3 0.3 1 0.3 1 24.0 3 94.7 1 38.3 1 o 5
Watts Bar 531 98 13 4.1 3 0.2 1 0.2 1 33.1 1 94.8 1 40.0 1 o 5
Wheeler 277 94 19 4.8 5 0.4 3 o 1 19.1 3 93.1 1 41.7 1 o 5
Wheeler 277 95 15 3 3 0.2 1 o 1 15.7 3 95.9 1 21.7 1 o 5
Wheeler 277 97 23 4.8 5 0.6 3 o 1 10.0 5 88.7 3 80.0 1 o 5
Wheeler 277 99 17 3.9 3 0.6 3 0.2 1 19.3 3 92.1 1 70.0 1 o 5
Wheeler Q 277 99 19 4.2 3 0.5 3 0 1 22.9 3 89.4 3 105.0 1 o 5
Wilson 260.8 94 17 4.6 3 o 1 0 1 9.1 5 94.1 1 78.3 1 o 5
Wilson 260.8 96 15 3.8 3 o 1 0 1 40.4 1 90.1 3 21.7 1 o 5
Wilson 260.8 98 15 4 3 0.2 . 1 0.1 1 27.1 3 91.9 1 45.0 1 o 5



Table 2. Results and Ratings tor individual Metrics and Final Benthic Scores. Separated by Reservoir
Class and Type at Sample Location.

Run-at-River Reservoirs - Transition Sites

Reservoir Q Mile Year Score TIV<A LLiVED EPT %OLlGO DOMN TOTNONCT ZEROS

ChickamauQa Q 8.5 94 17 2.6 3 0.4 3 0.4 3 39.2 1 85.2 3 61.7 1 0.1 3

ChickamauQa 8.5 94 17 2.9 3 0.5 3 0.6 3 21.7 3 89.4 1 203.3 1 0.1 3

ChickamauQa 8.5 95 27 5.5 5 0.9 5 0.9 5 33.8 1 75.9 5 166.7 1 o 5

ChickamauQa 8.5 97 25 5.9 5 0.6 3 0.8 5 37.0 1 78.4 5 191.7 1 o 5

Chickamauaa 8.5 99 21 4.6 5 0.6 3 0.6 3 54.3 1 81.7 3 81.7 1 o 5

Chickamauaa Q 490.5 94 33 5.5 5 1 5 1 5 5.0 5 73.7 5 480.0 3 o 5

ChickamauQa 490.5 94 33 5.7 5 0.9 5 1 5 10.8 5 70.8 5 373.3 3 o 5

Chickamauaa 490.5 95 29 5.4 5 0.9 5 0.9 5 23.0 3 74.6 5 170.0 1 o 5

Chickamauaa 490.5 97 31 5.9 5 1 5 0.7 3 10.4 5 69.7 5 428.3 3 o 5

ChickamauQa 490.5 99 31 5.5 5 1 5 0.9 5 13.7 5 78.6 5 270.0 1 o 5

ChickamauQa Q 490.5 99 25 5.5 5 1 5 0.3 1 11.9 5 80.3 3 266.7 1 o 5

Fort Loudoun 624.6 94 17 3.9 3 0.4 3 0.4 3 28.6 1 92.8 1 21.7 1 o 5

Fort Loudoun 624.6 95 23 4.9 5 0.7 3 0.7 3 15.3 3 86.2 3 76.7 1 o 5

Fort Loudoun 624.6 96 23 4.6 5 0.4 3 0.4 3 12.7 5 91.0 1 83.3 1 o 5

Fort Loudoun 624.6 97 27 5.5 5 1 5 1 5 12.4 5 89.2 1 140.0 1 o 5

Fort Loudoun Q 624.6 98 23 4.2 3 0.7 3 0.7 3 2.9 5 85.5 3 91.7 1 o 5
Fort Loudoun 624.6 98 23 4.7 5 0.6 3 0.6 3 5.5 5 91.8 1 96.7 1 o 5
Fort Loudoun 624.6 99 19 5.4 5 0.3 1 0.4 3 5.3 5 92.9 1 58.3 1 0.1 3

Guntersville 375.2 94 33 6.3 5 1 5 1 5 7.4 5 78.8 3 610.0 5 o 5
Guntersville 375.2 96 33 5.5 5 1 5 0.8 5 4.1 5 82.7 3 733.3 5 o 5

Guntersville 375.2 98 33 5.2 5 1 5 1 5 5.6 5 86.2 3 768.3 5 o 5

Kentucky Q 85 94 27 5.8 5 0.9 5 0.8 5 14.7 3 79.7 3 253.3 1 o 5
Kentuckv 85 94 29 5.3 5 1 5 0.8 5 9.9 5 81.0 3 255.0 1 o 5

KentuckY 85 95 29 3.9 3 1 5 0.9 5 1.6 5 85.8 3 433.3 3 o 5

Kentucky Q 85 97 35 6.1 5 1 5 0.8 5 13.3 5 76.6 5 760.0 5 o 5
Kentuckv 85 97 35 6.4 5 1 5 1 5 3.7 5 76.9 5 790.0 5 o 5
Kentuckv 85 99 31 6 5 1 5 0.8 5 16.5 3 75.0 5 301.7 3 o 5
MeltonHill 45 94 15 3.2 3 0.3 1 0.3 1 26.0 3 96.7 1 8.3 1 o 5

MeltonHill 45 96 17 3.2 3 0.4 3 0.4 3 41.8 1 90.8 1 26.7 1 o 5
MeltonHill 45 98 17 3.4 3 0.7 3 0.7 3 36.9 1 89.0 1 35.0 1 o 5
Pickwick 230 94 31 6 5 1 5 0.8 5 18.4 3 74.6 5 294.8 3 . o 5

Pickwick Q 230 96 33 5.2 5 0.9 5 0.9 5 3.5 5 80.2 3 758.3 5 o 5
Pickwick 230 96 33 5.2 5 1 5 0.8 5 3.7 5 83.7 3 871.7 5 o 5
Pickwick 230 98 31 5.2 5 1 5 0.8 5 8.5 5 82.8 3 403.3 3 o 5
Tellico 15 94 11 1.5 1 0.3 1 0.3 1 11.3 5 100.0 1 6.7 1 0.2 1
Tellico Q 15 95 13 1.3 1 0.2 1 0.2 1 8.3 5 100.0 1 3.3 1 0.1 3
Tellico 15 95 15 2 1 0.4 3 0.4 3 33.8 1 99.0 1 10.0 1 o 5

Tellico 15 97 7 1.8 1 o 1 0.2 1 32.6 1 100.0 1 8.3 1 0.2 1
Tellico 15 99 9 0.7 1 0.1 1 o 1 23.3 3 100.0 1 3.3 1 0.5 .1

Watts Bar 560.8 94 29 4.5 5 0.9 5 1 5 2.7 5 90.2 1 356.7 3 o 5

Watts Bar 560.8 96 25 4.2 3 0.9 5 0.9 5 1.0 5 89.7 1 148.3 1 o 5
Watts Bar 560.8 98 23 4 3 0.7 3 0.7 3 11.3 5 94.8 1 355.0 3 o 5
Wheeler 6 94 15 4.6 5 0.1 1 o 1 28.4 1 98.9 1 8.3 1 o 5
Wheeler Q 6 95 13 3.5 3 o 1 o 1 45.2 1 90.4 1 25.0 1 o 5

Wheeler 6 95 13 2.8 3 o 1 o 1 54.5 1 95.2 1 10.0 1 o 5
Wheeler 6 97 15 6 5 0.1 1 o 1 52.0 1 92.3 1 80.0 1 o 5

Wheeler 6 99 15 4.6 5 o 1 o 1 38.9 1 93.0 1 38.3 1 o 5

Wheeler 295.9 94 33 5.6 5 1 5 0.8 5 10.4 5 77.3 5 316.7 3 o 5

Wheeler 295.9 95 25 3.3 3 1 5 0.6 3 6.6 5 82.2 3 131.7 1 o 5
Wheeler 295.9 97 31 5.9 5 1 5 1 5 10.1 5 79.5 3 393.3 3 o 5

Wheeler 295.9 99 31 5.6 5 1 5 0.9 5 3.5 5 83.5 3 511.7 3 o 5



Table 2. Results and Ratings for individual Metrics and Final Benthic Scores. Separated by Reservoir
Class and Type of Sample Location.

Run-of-River Reservoirs - Inflow Sites

Reservoir Q Mile Year Score TAXA LLIVED EPT %OLlGO DOMN TOTNONCT ZEROS
ChickamauQa 518 94 19 2.6 1 1 5 a 1 5.3 5 95.7 1 411.7 1 a 5
Chickamauga Q 518 95 23 4.5 3 0.9 5 0.3 1 2.9 5 79.5 3 155.5 1 a 5
Chickamauga 518 95 31 6.4 5 0.9 5 1 5 3.5 5 68.1 5 249.1 1 a 5

Chickamauga 518 97 25 5.5 3 1 5 0.5 3 1.5 5 84.8 3 345.6 1 a 5
Chickamauga 518 99 21 3.7 3 0.8 5 0.1 1 2.5 5 86.4 1 222.7 1 a 5
Fort Loudoun 652 94 7 1.2 1 0.1 1 a 1 40.5 1 99.2 1 10.9 1 0.3 1
Fort Loudoun 652 95 11 1.7 1 a 1 a 1 25.0 3 94.7 1 19.1 1 0.1 3
Fort Loudoun 652 96 7 1.4 1 o 1 o 1 59.9 1 97.1 1 11.7 1 0.2 1
Fort Loudoun 652 97 9 2.4 .1 0.1 1 0.2 1 24.3 3 90.9 1 73.3 1 0.2 1
Fort Loudoun 652 98 13 2.5 1 o 1 o 1 35.4 3 94.6 1 11.7 1 o 5
Fort Loudoun 652 99 7 1.5 1 0.2 1 a 1 48.2 1 95.8 1 3.3 1 0.2 1
Guntersville 420 94 21 3.3 3 0.9 5 0.1 1 2.0 5 87.3 1 281.8 1 o 5
Guntersville 420 96 27 4.7 3 1 5 0.5 3 3.1 5 84.1 3 629.1 3 o 5
Guntersville 420 98 23 4.1 3 0.9 5 0.6 3 3.6 5 91.0 1 364.5 1 o 5
Kentuccv 15 94 23 5.4 3 1 5 0.7 3 18.1 5 86.4 1 214.5 1 o 5
Kentuccv 200 94 27 5.2 3 0.9 5 0.4 3 12.7 5 75.8 5 80.9 1 o 5
Kentuccv 200 95 21 3.1 3 0.8 5 o 1 0.6 5 88.3 1 92.7 1 o 5
KentucCV Q 200 97 21 4.3 3 0.8 5 0.3 1 5.5 5 86.8 1 170.9 1 o 5
Kentuc CV 200 97 27 4.2 3 0.9 5 0.6 3 12.0 5 78.0 5 113.6 1 o 5
KentucCV 200 99 21 3.8 3 1 5 0.3 1 0.2 5 88.0 1 258.3 1 o 5
Melton Hill 58.8 94 11 1.2 1 a 1 o 1 9.0 5 100.0 1 0.0 1 0.2 1
MeltonHill 58.8 96 7 1.5 1 0.1 1 0.2 1 40.0 1 98.4 1 5.5 1 0.2 1
MeltonHill 58.8 98 7 1.8 1 o 1 o 1 43.2 1 93.7 1 2.7 1 0.3 1
Nickaiack Q 469 94 27 5.8 5 1 5 2.1 5 0.0 5 85.3 1 457.3 1 o 5
Nickaiack 469 94 31 7.6 5 1 5 2.4 5 0.5 5 82.2 3 693.6 3 o 5
Nickaiack 469 95 31 8.5 5 1 5 2.2 5 2.1 5 79.7 3 . 1086.4 3 o 5
Nickaiack 469 97 33 7 5 1 5 1.7 5 1.6 5 82.3 3 1420.0 5 o 5
Nickaiack 469 99 29 6.3 5 1 5 0.7 3 1.1 5 79.9 3 591.8 3 o 5
Nickaiack Q 469 99 31 6.1 5 1 5 1 5 4.0 5 77.3 5 436.4 1 o 5
Pickwick Q 253.2 94 21 3.6 3 0.6 3 0.5 3 10.4 5 91.4 1 183.6 1 o 5
Pickwick 253.2 94 25 4.2 3 0.4 3 1 5 5.4 5 79.7 3 95.5 1 o 5
Pickwick 253.2 96 21 3.8 3 0.7 3 0.6 3 0.7 5 85.4 1 131.8 1 o 5
Pickwick Q 253.2 98 21 3.6 3 0.9 5 0.3 1 2.2 5 88.9 1 120.0 1 0 5
Pickwick 253.2 98 23 3.7 3 0.9 5 0.5 3 1.0 5 88.1 1 109.1 1 0 5
Watts Bar 19 94 13 1.8 1 0.3 1 02 1 0.0 5 96.1 1 38.2 1 0.1 3
Watts Bar 19 96 15 1.4 1 0.1 1 0 1 7.0 5 99.0 1 43.6 1 0 5
Watts Bar 19 98 15 2.1 1 0 1 0.3 1 16.4 5 97.9 1 34.5 1 0 5
Watts Bar 600 94 17 2.9 3 02 1 0.2 1 4.3 5 89.9 1 65.5 1 a 5
Watts Bar 600 96 13 2.5 1 0 1 0.6 3 0.2 5 89.2 1 77.3 1 0.2 1
Watts Bar 600 98 15 2.7 1 0.3 1 0.3 1 0.0 5 83.1 3 43.6 1 0.1 3
Wheeler 347 94 31 6.1 5 0.9 5 1 5 0.9 5 68.7 5 308.2 1 o 5
Wheeler 347 95 21 4.5 3 1 5 0.1 1 0.4 5 86.0 1 407.3 1 o 5
Wheeler 347 97 25 5.2 3 1 5 0.7 3 1.1 5 91.9 1 610.0 3 o 5
Wheeler 347 99 23 4.9 3 1 5 0.2 1 0.5 5 90.2 1 580.0 3 o 5
Wilson 273 94 25 5.5 3 1 5 0.6 3 1.9 5 80.4 3 359.7 1 o 5
Wilson Q 273 96 29 5.2 3 1 5 0.9 5 0.5 5 85.4 1 1295.0 5 a 5
Wilson 273 96 27 4.2 3 1 5 0.6 3 0.2 5 90.8 1 1730.0 5 o 5
Wilson 273 98 33 6 5 1 5 0.8 5 2.7 5 83.7 3 1176.7 5 a 5



Table 2. Results and Ratings for individualMetricsand Final BenthicScores. Separated by Reservoir Class and
Type of Sample Location.

Blue Ridge Ecoregion - Forebay Sites

Reservoir Q Mile Year SCORE TAAA %OLlGO DOMN TOTNONC ZEROS SumTaxa XCHI EPT

Apalachia 67 96 19 2.4 3 51.7 3 94.3 3 18.3 1 o 5 6 3 51.7 1 o 0

Apalachia 67 97 17 1.6 3 49.1 3 98.9 1 15.0 1 o 5 6 3 8.2 1 o 0

Apalachia 67 98 11 1.2 1 77.8 1 100.0 1 11.7 1 0.1 3 3 1 1.8 1 0.2 2

Apalachia 67 99 17 1.8 3 42.1 3 96.5 1 21.7 1 0.1 3 8 3 22 1 0.1 2

Blue Ridae Q 54.1 94 21 2.7 3 38.7 3 90.5 3 105.0 3 0.2 3 8 3 80.0 1 0.4 2

Blue RidQe 54.1 94 13 1.5 3 40.5 3 94.8 3 15.0 1 0.5 1 2 1 78.3 1 o 0

Blue RidQe 54.1 95 29 3.5 5 47.4 3 84.6 5 161.7 5 0.1 3 13 5 95.0 1 0.3 2

Blue RidQe 54.1 97 29 4 5 35.1 3 91.2 3 341.7 5 o 5 12 5 62.7 1 0.1 2

Blue RidQe 54.1 99 23 2.4 3 34.5 3 98.1 1 198.3 5 o 5 8 3 32 1 0.1 2

Blue RidQe Q 54.1 99 23 2.4 3 38.8 3 96.0 1 135.0 5 0.1 3 10 5 17 1 0.1 2

ChatuQe 1.5 94 17 1.9 3 23.4 5 98.6 1 4.2 1 0.2 3 3 1 81.7 1 0.1 2

Chatuge 1.5 96 17 1.5 3 40.4 3 98.3 1 6.7 1 o 5 4 1 16.7 1 0.3 2

ChatuQe 1.5 98 21 2.4 3 2.1 5 98.4 1 11.7 1 0.1 3 3 1 286.4 5 0.1 2

ChatuQe 1.5 99 13 1.3 1 25.0 5 100.0 1 8.3 1 0.3 1 4 1 37 1 0.2 2

Chatuge 122 94 17 1.5 3 45.1 3 100.0 1 5.0 1 o 5 2 1 22.4 1 0.2 2

ChatuQe Q 122 96 7 0.9 1 64.3 1 100.0 1 1.7 1 0.3 1 1 1 5.0 1 o 0

ChatuQe 122 96 17 1.6 3 34.1 3 100.0 1 8.3 1 o 5 3 1 33.3 1 0.2 2

ChatuQe 122 98 21 2.2 3 6.5 5 100.0 1 3.3 1 0.1 3 1 1 250.9 5 0.1 2

Chatuae 122 99 11 0.9 1 26.7 5 100.0 1 1.7 1 0.5 1 1 1 22 1 o 0
Fontana 62 95 7 0.6 1 86.7 1 100.0 1 3.3 1 0.6 1 2 1 0.0 1 o 0
Fontana 62 96 7 0.2 1 66.7 1 100.0 1 0.0 1 0.9 1 o 1 1.7 1 o 0
Fontana 62 98 9 0.3 1 33.3 3 100.0 1 1.7 1 0.7 1 1 1 0.9 1 o 0

Hiwassee 77 94 7 0.3 1 66.7 1 100.0 1 0.0 1 0.7 1 o 1 1.7 1 o 0

-Iiwassee 77 96 9 1 1 75.0 1 99.2 1 25.0 1 0.2 3 2 1 3.3 1 o 0

Hiwassee Q 77 98 9 1 1 50.0 3 100.0 1 6.7 1 0.3 1 3 1 3.6 1 o 0
Hiwassee 77 98 13 1.5 3 63.9 1 99.0 1 10.0 1 o 5 3 1 5.5 1 o 0

Nottelv 23.5 94 17 1.7 3 41.5 3 100.0 1 0.0 1 0.1 3 o 1 200.2 5 o 0

Nottelv 23.5 95 15 2.6 3 40.4 3 100.0 1 0.0 1 0.1 3 o 1 126.7 3 o 0
Nottelv 23.5 97 15 2.2 3 46.4 3 100.0 1 0.0 1 o 5 o 1 60.9 1 o 0

Nottelv 23.5 99 13 1.4 3 45.0 3 100.0 1 0.0 1 0.2 3 o 1 17 1 o 0
Parksville-Ocoee No. 1 Q 12.5 94 7 0.4 1 100.0 1 100.0 1 0.0 1 0.6 1 o 1 0.0 1 o 0
Parksville-Ocoee No. 1 12.5 94 7 0.8 1 82.5 1 100.0 1 3.3 1 0.3 1 1 1 1.7 1 o 0
Parksville-Ocoee No. 1 Q 12.5 95 7 1 1 69.1 1 98.0 1 15.0 1 0.3 1 2 1 3.3 1 o 0

Parksville-Ocoee No. 1 12.5 95 15 1.5 3 63.4 1 96.7 1 18.3 1 o 5 6 3 3.3 1 o 0
Parksville-Ocoee NO.1 12.5 97 17 1.4 3 50.4 3 100.0 1 23.3 1 0.1 3 5 3 3.6 1 0.1 2
Parksville-Ocoee No. 1 12.5 99 9 0.4 1 50.0 3 100.0 1 1.7 1 0.6 1 1 1 2 1 o 0

WatauQa 37.4 94 7 0.5 1 60.0 1 100.0 1 1.8 1 0.5 1 2 1 0.0 1 o 0

WatauQa 37.4 96 7 1.2 1 69.5 1 100.0 1 6.7 1 0.4 1 1 1 28.3 1 o 0
Watauaa 37.4 98 9 1.8 3 84.3 1 100.0 1 0.0 1 0.3 1 o 1 19.1 1 o 0



Table 2. Results and Ratings for individual Metrics and Final Benthic Scores. Separated by Reservoir Class and
Type of Sample Location.

Blue Ridge Ecoregion - Mid-Reservoir Sites

Reservoir Q Mile Year Score TAXA %OLlGO DOMN TOTNONCT ZEROS SumTaxa XCHI EPT
Fontana 3 94 17 1.9 3 39.1 3 100.0 1 0.0 1 0.2 3 0 1 398.3 5 o 0
Fontana 3 96 9 1.2 3 96.2 1 100.0 1 0.0 1 0.3 1 o 1 11.7 1 o 0
Fontana 3 98 19 3 5 31.1 5 100.0 1 0.0 1 0.1 3 o 1 307.3 3 o 0
Fontana 81.5 94 19 2 3 28.2 5 100.0 1 0.0 1 0.1 3 o 1 402.4 5 o 0
Fontana 81.5 96 11 1.2 3 96.1 1 100.0 1 0.0 1 0.1 3 o 1 6.7 1 o 0
Fontana 81.5 98 15 1.9 3 2.3 5 100.0 1 0.0 1 0.2 3 o 1 169.1 1 o 0
Hiwassee Q 85 94 9 1.3 3 93.7 1 100.0 1 0.0 1 0.4 1 0 1 65.0 1 o 0
Hiwassee 85 94 9 1 1 63.0 3 100.0 1 0.0 1 0.5 1 0 1 13.3 1 o 0
Hiwassee 85 96 11 1.5 3 90.0 1 99.6 1 3.3 3 0.4 1 1 1 40.0 1 o 0
Hiwassee 85 98 15 1.7 3 45.5 3 97.2 5 1.7 1 0.4 1 1 1 97.3 1 o 0
Notlely Q 31 94 29 2.2 3 2.9 5 99.3 1 9.1 5 o 5 5 5 237.3 3 0.4 2
Notlely 31 94 29 2.6 5 8.2 5 99.0 1 5.5 3 o 5 6 5 252.7 3 0.2 2
Notlelv Q 31 95 23 1.3 3 24.4 5 95.8 5 1.7 1 0.2 3 1 1 186.7 3 0.1 2
Notlelv 31 95 15 1.2 3 37.4 3 100.0 1 1.7 1 0.1 3 1 1 243.3 3 o 0
Notlelv Q 31 97 31 3.4 5 16.9 5 96.1 5 3.3 3 o 5 2 3 202.7 3 0.1 2
Notlely 31 97 21 2.9 5 15.5 5 99.2 1 1.7 1 o 5 1 1 200.0 3 o 0
Notllev 31 99 25 2.5 5 0.5 5 100.0 1 1.7 1 o 5 1 1 553 5 0.1 2
Watauga Q 45.5 94 19 1.3 3 7.3 5 100.0 1 1.7 1 0.1 3 1 1 386.7 5 o 0
Watauga 45.5 94 21 1.6 3 16.8 5 98.7 1 151.7 5 0.1 3 3 3 151.7 1 o 0
Watauga Q 45.5 96 19 2.1 3 23.7 5 100.0 1 5.0 3 0.2 3 1 1 308.3 3 o 0
Watauga 45.5 96 13 ' 1.8 3 32.4 3 100.0 1 0.0 1 0.3 1 o 1 291.7 3 o 0
Watauga 45.5 98 11 1.9 3 33.4 3 100.0 1 0.0 1 0.3 1 o 1 46.4 1 o 0



..

Table 2. Results and Ratings for individual Metrics and Final Benthic Scores. Separated by Reservoir Class and
Type of Sample Location.

Interior Plateau Tributary Reservoirs - Forebay Sites
Reservoir Q Mile Year Score TAXA %OLlGO DOMN TOTNONCT ZEROS SumTaxa XCHI EPT
Bear Creek 75 94 21 1.8 3 4.1 5 100.0 1 3.3 1 0 5 2 3 100.0 1 0.1 2
Bear Creek 75 95 19 1.8 3 14.6 5 100.0 1 0.0 1 0 5 o 1 213.3 3 o 0
Bear Creek 75 96 17 1.6 3 7.3 5 100.0 1 0.0 1 0 5 o 1 180.0 1 o 0
Bear Creek 75 97 11 1.3 1 47.9 3 100.0 1 0.0 1 0.2 3 o 1 6.4 1 o 0
Bear Creek 75 99 21 1.8 3 6.9 5 100.0 1 0.0 1 0 5 o 1 613 5 o 0
Bear Creek Q 75 99 21 1.6 3 2.7 5 100.0 1 0.0 1 0 5 o 1 562 5 o 0
Beech 36 94 35 4.3 5 11.9 5 96.5 3 23.3 5 0 5 11 5 801.7 5 0.3 2
Beech 36 95 27 3.1 5 11.0 5 98.7 1 6.7 1 0 5 3 3 535.0 5 0.1 2
Beech Q 36 96 29 3.1 5 4.2 5 98.2 1 23.3 5 0.1 3 6 5 236.7 3 0.2 2
Beech 36 96 35 3.7 5 4.8 5 93.0 5 38.3 5 0 5 11 5 240.0 3 0.4 2
Beech 36 98 33 3.6 5 5.1 5 97.2 3 23.3 5 0 5 8 5 320.0 3 0.1 2
Cedar Creek 25.2 94 27 2.4 3 25.7 5 96.5 3 31.7 5 0.1 3 5 5 68.3 1 0.3 2
Cedar Creek 25.2 95 11 1.2 1 5.7 5 100.0 1 0.0 1 0.3 1 o 1 71.7 1 o 0
Cedar Creek 25.2 96 17 1.6 3 31.8 3 100.0 1 3.3 1 0.1 3 2 3 66.7 1 0.1 2
Cedar Creek 25.2 97 15 1.5 3 13.9 5 100.0 1 0.0 1 0.1 3 o 1 49.1 1 o 0
Cedar Creek 25.2 99 29 2 3 4.8 5 97.5 3 15.0 3 0 5 5 5 213 3 0.1 2
Little Bear Cr Q 12.5 94 21 1.9 3 76.7 1 99.7 1 30.0 5 0 5 2 3 123.3 1 0.1 2
Little Bear Cr 12.5 94 15 2.2 3 65.7 1 99.3 1 10.0 1 0 5 1 1 48.3 1 0.2 2
Little Bear Cr 12.5 95 15 3.9 5 72.1 1 100.0 1 1.7 1 0.1 3 1 1 41.7 1 0.1 2
Little Bear Cr 12.5 96 17 1.4 3 83.6 1 96.9 3 15.0 3 0.1 3 3 3 15.0 1 o 0
Little Bear Cr Q 12.5 97 15 1.7 3 90.1 1 99.4 1 1.7 1 0 5 1 1 15.5 1 0.1 2
Little Bear Cr 12.5 97 9 1.3 1 86.9 1 100.0 1 0.0 1 0.1 3 o 1 13.6 1 o 0
Little Bear Creek 12.5 99 19 2 3 78.6 1 97.3 3 11.7 3 0 5 2 3 63 1 o 0
Jormandy 249.5 94 15 1.4 3 47.1 3 100.0 1 0.0 1 0 5 o 1 26.7 1 o 0

Normandy Q 249.5 95 7 0.7 1 81.7 1 100.0 1 0.0 1 0.4 1 o 1 5.0 1 o 0
Normandy 249.5 95 7 0.9 1 73.4 1 100.0 1 0.0 1 0.3 1 o 1 13.3 1 o 0
Normandy 249.5 96 13 1.7 3 66.3 1 99.3 1 1.7 1 0 5 1 1 30.0 1 o 0
Normandv 249.5 98 19 2.5 3 19.0 5 100.0 1 0.0 1 0.1 3 o 1 419.1 5 o 0
Upper Bear Creek 115.4 98 23 2.5 3 45.2 3 100.0 1 36.7 5 0 5 2 3 322.7 3 o 0



Table 2. Results and Ratings for individual Metrics and Final Benthic Scores. Separated by Reservoir Class and
Type of Sample Location.

Ridge and Valley Ecoregion Tributary Reservoirs -- Forebay Sites
Reservoir Q Mile Year Score TAXA %OLlGO DOMN TOTNONCT ZEROS SumTaxa XCHI EPT

Boone 19 94 17 2.4 5 86.4 1 98.6 3 1.7 1 a 5 1 1 43.0 1 a a
Boone 19 95 11 1.1 3 99.6 1 100.0 1 1.7 1 0.1 3 1 1 1.7 1 a a
Boone Q 19 97 11 1.5 3 78.0 1 100.0 1 1.7 1 0.1 3 1 1 17.3 1 o a

Boone 19 97 13 1.4 3 90.0 1 100.0 1 3.3 1 0.2 3 2 3 8.2 1 a a
Boone 19 99 15 2.1 5 68.4 1 98.4 3 1.7 1 0.1 3 1 1 23 1 a a
Cherokee 53 94 25 2.4 5 43.7 3 99.6 1 3.3 1 o 5 2 3 200.0 5 0.1 2

Cherokee 53 95 19 2.2 5 51.5 3 100.0 1 0.0 1 0.1 3 o 1 290.0 5 o 0
Cherokee 53 96 17 1.9 5 55.6 3 100.0 1 0.0 1 0.1 3 o 1 103.3 3 o 0

Cherokee , Q 53 98 21 2.1 5 14.6 5 100.0 1 0.0 1 0.2 3 o 1 234.5 5 o 0
Cherokee 53 98 21 2.5 5 25.3 5 100.0 1 0.0 1 0.2 3 o 1 297.3 5 o 0
DouQlas 33 94 17 2.2 5 56.6 3 100.0 1 0.0 1 0.1 3 o 1 125.0 3 o a
Douglas 33 95 11 1.5 3 81.5 1 100.0 1 0.0 1 0.2 3 o 1 48.3 1 o 0

DouQlas 33 97 21 2.5 5 47.2 3 100.0 1 0.0 1 o 5 o 1 206.4 5 o 0

DouQlas 33 99 19 2 5 20.3 5 100.0 1 0.0 1 0.3 1 o 1 268 5 o 0

Doualas Q 33 99 19 1.8 5 20.4 5 100.0 1 0.0 1 0.3 1 o 1 247 5 o a
Ft Pat Henry 8.7 94 19 2.3 5 54.8 3 99.6 1 1.7 1 o 5 1 1 133.3 3 o 0

Ft Pat Henry 8.7 95 15 1.9 5 72.6 1 100.0 1 0.0 1 o 5 o 1 33.3 1 o a
Ft Pat Henry 8.7 96 17 1.8 5 61.0 3 100.0 1 3.3 1 a 5 1 1 35.0 1 o a
Ft Pat Henry 8.7 97 15 2.5 5 55.2 3 100.0 1 0.0 1 0.1 3 o 1 51.8 1 o a
Ft. Pat Henry 8.7 99 19 2.6 5 31.7 5 100.0 1 0.0 1 0.1 3 o 1 120 3 o a
Norris 80.4 94 19 1.3 3 77.4 1 99.0 1 40.9 3 o 5 3 5 2.7 1 o 0
Norris Q 80.4 95 21 1.1 3 78.9 1 100.0 1 101.7 5 o 5 3 5 0.0 1 o a
Norris 80.4 95 21 1.2 3 73.0 1 100.0 1 65.0 3 o 5 4 5 0.0 1 0.1
Norris 80.4 97 25 2.2 5 68.7 1 97.7 5 8.3 1 o 5 3 5 21.8 1 0.'

Norris 80 99 13 1.1 3 66.7 1 100.0 1 5.0 1 0.1 3 2 3 5 1 o \J

South Holston 51 94 19 1.3 3 73.5 1 96.6 5 4.5 1 0.3 1 3 5 10.9 1 0.1 2

South Holston Q , 51 96 7 0.7 1 85.7 1 100.0 1 0.0 1 0.3 1 . 0 1 3.3 1 o 0

South Holston 51 96 9 0.5 1 73.7 1 100.0 1 3.3 1 0.6 1 2 3 0.0 1 o 0
South Holston 51 98 7 0.4 1 75.0 1 100.0 1 0.0 1 0.6 1 o 1 0.9 1 o 0
Tims Ford 135 94 7 0.8 1 92.5 1 100.0 1 0.0 1 0.4 1 o 1 3.3 1 o 0
Tims Ford 135 95 11 0.9 3 81.3 1 100.0 1 0.0 1 0.2 3 o 1 3.3 1 o 0
Tims Ford 135 96 11 0.9 3 80.0 1 100.0 1 0.0 1 0.2 3 0 1 6.7 1 o 0
Tims Ford Q 135 98 7 0.8 1 90.5 1 100.0 1 0.0 1 0.3 1 0 1 3.6 1 o 0
Tims Ford 135 98 9 0.8 1 100.0 1 100.0 1 0.0 1 0.2 3 0 1 0.0 1 o 0



..

Table2. Results and Ratingsfor individualMetricsand FinalBenthicScores. Separated byReservoirClass and
Type of Sample Location.

Ridge and ValleyEcoregionTributaryReservoirs- Mid-ReservoirSites
Reservoir Q Mile Year Score TAXA %OLlGO DOMN TOTNONCT ZEROS SumTaxa XCHI EPT
Boone 6.5 94 13 2 3 76.7 1 100.0 1 0.0 1 o 5 o 1 32.1 1 o 0
Boone 6.5 95 9 1.3 1 83.9 1 100.0 1 1.7 1 0.1 3 1 1 8.3 1 o 0
Boone 6.5 97 13 2.4 3 74.5 1 98.8 1 1.7 1 o 5 1 1 43.6 1 o 0
Boone 6.5 99 9 1.5 1 65.4 1 100.0 1 0.0 1 0.1 3 o 1 20 1 o 0
Boone 27 94 15 2.2 3 47.6 3 99.7 1 0.9 1 o 5 1 1 123.6 1 o 0
Boone 27 95 11 1.7 3 60.5 1 100.0 1 0.0 1 0.1 3 o 1 70.0 1 o 0
Boone 27 97 9 2.1 3 57.1 1 99.5 1 1.7 1 0.3 1 1 1 108.2 1 o 0
Boone 27 99 15 2.4 3 41.9 3 99.1 1 6.7 1 0.2 3 3 3 48 1 o 0
Cherokee 76 96 15 2.3 3 13.6 5 100.0 1 0.0 1 0.1 3 o 1 198.3 1 o 0
Cherokee 76 98 19 3.6 5 4.1 5 100.0 1 0.0 1 o 5 o 1 272.7 1 o 0
Douglas 51 94 17 2.1 3 27.9 5 100.0 1 0.0 1 o 5 o 1 150.0 1 o 0
Douglas 51 95 15 1.9 3 36.1 3 100.0 1 0.0 1 o 5 o 1 118.3 1 o 0
Douglas Q 51 97 19 3.6 5 14.8 5 100.0 1 0.0 1 o 5 o 1 300.9 1 o 0
Douglas 51 97 17 3.1 3 9.3 5 99.7 1 3.3 1 o 5 1 1 275.5 1 o 0
Douglas 51 99 21 2.8 3 2.6 5 100.0 1 0.0 1 o 5 o 1 675 5 o 0
Norris 30 94 31 3.9 5 40.3 3 95.7 3 28.3 5 o 5 7 5 365.0 3 0.1 2
Norris 30 95 23 1.9 3 39.7 3 90.8 5 23.3 5 0.2 3 6 3 40.0 1 o 0
Norris 30 97 27 4.2 5 25.7 5 97.1 1 25.0 5 o 5 9 5 273.6 1 o 0
Norris 30 99 33 4.2 5 7.6 5 96.9 3 30.0 5 o 5 7 5 963 5 o 0
Norris Q 30 99 33 4 5 8.7 5 98.6 1 30.0 5 o 5 8 5 895 5 0.1 2
Norris 125 94 25 3.1 3 22.9 5 98.8 1 11.7 3 o 5 4 3 373.3 3 0.2 2
Norris 125 95 19 2.8 3 30.9 3 96.5 3 13.3 3 0.1 3 3 3 143.3 1 o 0
Norris 125 97 23 3.6 5 21.8 5 97.0 1 18.3 3 0.1 3 6 3 375.5 3 o 0
Norris 125 99 23 4.6 5 4.7 5 99.4 1 8.3 1 0.1 3 4 3 725 5 o 0
South Holston 62.5 94 15 2.7 3 30.9 3 99.3 1 1.8 1 o 5 1 1 70.5 1 o 0
South Holston 62.5 96 7 0.8 1 66.7 1 100.0 1 0.0 1 0.3 1 o 1 6.7 1 o 0
South Holston Q 62.5 98 11 2 3 30.2 3 100.0 1 0.0 1 0.3 1 o 1 130.0 1 o 0
South Holston 62.5 98 13 3.1 3 30.3 3 100.0 1 0.0 1 0.2 3 o 1 150.9 1 o 0
Tims Ford 150 94 11 0.7 1 25.0 5 100.0 1 0.0 1 0.4 1 o 1 16.7 1 o 0
Tims Ford 150 95 7 0.6 1 66.7 1 100.0 1 0.0 1 0.4 1 o 1 8.3 1 o 0
Tims Ford 150 96 7 0.9 1 76.1 1 100.0 1 0.0 1 0.4 1 o 1 10.0 1 o 0
Tims Ford 150 98 9 1.1 1 57.4 1 100.0 1 0.0 1 0.1 3 o 1 10.9 1 o 0



Table3. Results and Ratings for Individual Metrics and Final Benthic Scores for QAlQC Samples Processed in the Laboratory

Tributary Reservoirs
LAB

CLASS AREA RESERVOIR MILE YEAR SCORE Taxa SumTaxa EPT %OLlGO DOMN TOTNONC/O ZERO Xchi
BR Forebav Blue Ridge 54.1 99 27 3.4 3 11 5 0.1 2 41.5 1 92.8 1 188.3 5 0 5 63.3 5
IP Forebav Bear Creek 75 99 23 2.6 3' 4 1 0.1 2 8.3 5 98.7 1 6.7 1 0 5 736.7 5
RV Forebav DouQlas 33 99 17 2.2 3 2 1 0 0 14.6 5 99.6 1 5 1 0.1 1 316.7 5
RV Mid-Res Norris 30 99 27 4.1 5 7 3 0 0 14.4 5 98.3 1 35 3 0 5 1272 5

Run-of-River Reservoirs
LAB

CLASS AREA RESERVOIR Mile YEAR SCORE TAXA LLIVED EPT %OLlGO DOMN TOTNONC/O ZERO
Main Forebav Wheeler 277 99 19 2.8 3 0.6 3 0.2 1 11.8 5 92.6 1 70 1 0 5
Main Transition Chickamauga 490.5 99 23 5.4 3 1 5 0.9 3 27.6 1 76.1 5 285 1 0 5
Main Inflow Nickajack 469 99 27 7.7 3 1 5 1.4 3 0.8 5 75 3 776.4 3 0 5



..

Table 4. Benthic CommunityScores for 1994through 1999 Based on Field Processed Samples
Collected in Late AutumnlEarly Winter and Scored Against 1999 Criteria

Run-of-the-River Reservoirs
Reservoir Mile 1994* 1995* 1996* 1997* 1998*

Chickamauga Forebay 472.3 31 27 29
Chickamauga Transition 490.5 33 29 31
Chickamauga Inflow 518 19 3.1 25
Chickamauga Embayment 8.5 17 27 25
Fort Loudoun Forebay 605.5 13 13 11 15 13
Fort Loudoun Transition 624.6 17 23 23 27 23
Fort Loudoun Inflow 652 7 11 7 9 13
Guntersville Forebay 350 27 35 35
Guntersville Transition 375.2 33 33 33
Guntersville Inflow 420 21 27 23
Kentucky Forebay 23 27 23 27
Kentucky Transition 85 29 29 35
Kentucky Inflow 200 27 21 27
Kentucky Embayment 7.4 19 19 23
Melton Hill Forebay 24 17 11 17
Melton Hill Transition 45 15 17 17
Melton Hill Inflow 58.8 11 7 7
Nickajack Forebay 425.5 31 29 33
Nickajack Inflow 469 31 31 33
Pickwick Forebay 207.3 29 29 29
Pickwick Transition 230 31 33 31
Pickwick Inflow 253.2 25 21 23
Pickwick Embayment 8.4 17 15 17
Tellico Forebay 1 7 7 9
Tellico Transition 15 11 15 7
Watts Bar Forebay 531 13 11 13
Watts Bar Transition 560.8 29 25 23
Watts Bar Inflow 19 13 15 15
Watts Bar Inflow 600 17 13 15
Wheeler Forebay 277 19 15 23
Wheeler Transition 295.9 33 25 31
Wheeler Inflow 347 31 21 25
Wheeler Embayment 6 15 13 15
Wilson Forebay 260.8 17 15 15
Wilson Inflow 273 25 27 33

*Note: Results for all years are scored on 1999 scoring protocols. Scores for 1991 - 1993 are
excluded from this table because they are based on lab processed results.

Evaluation Criteria:
Benthic Community Score
Community Condition

7-12
Verv Poor

13-18
Poor

19-23
Fair

24-29
Good

30-35
Excellent

1999*
25
31
21
21
9
19
7

21
31
21
21

35
29

7
9

17
31
23
15



Table 4: Cont.'

Blue Ridge Ecore.
Reservoir Mile 1994* 1995* 1996* 1997* 1998* 1999*
Apalachia Forebay 67 19 17 11 17
Blue Ridge Forebay 54.1 13 29 29 23
Chatuge Forebay 122 17 17 21 11
Chatuge Forebay 1.5 17 17 21 13
Fontana Forebay 62 7 9 13
Fontana Mid-reservoir 81.5 19 11 15
Fontana Mid-reservoir 3 17 9 19
Hiwassee Forebay 77 7 9 13
Hiwassee Mid-reservoir 85 9 11 15
Nottely Forebay 23.5 17 15 15 13
Nottely Mid-reservoir 31 29 15 21 25
Parksville Forebay 12.5 7 15 17 9
Watauga Forebay 37.4 7 7 9
Watau a Mid-reservoir 45.5 21 13 11

Interior Plateau Ecoregion
Reservoir Mile 1994* 1995* 1996* 1997* 1998* 1999*
Bear Creek Forebay 75 21 19 17 11 21
Beech Lake Forebay 36 35 27 35 ""

.).)

Cedar Creek Forebay 25 27 11 17 15 29
Little Bear Cr. Forebay 12.5 15 15 17 9 19
Nonnand Foreba 249.5 15 7 13 19

Ridge and Valle
Reservoir . Mile 1994* 1995* 1996* 1997* 1998* 1999*
Boone Forebay 19 17 11 13 15
Boone Mid-reservoir 27 15 11 9 15
Boone Mid-reservoir 6.5 13 9 13 9
Cherokee Forebay 53 25 19 17 21
Cherokee Mid-reservoir 76 15 19
Douglas Forebay 33 17 11 21 19
Douglas Mid-reservoir 51 17 15 17 21
Fon Pat. Henry Forebay 8.7 19 15 17 15 19
Norris Forebay 80.4 19 21 25 13
Norris Mid-reservoir 125 25 19 23 23
Norris Mid-reservoir 30 31 23 27 33
South Holston Forebay 51 19 9 7
South Holston Mid-reservoir 62.5 15 7 13
Tirns Ford Forebay 135 7 11 11 9
Tirns Ford Mid-reservoir 150 11 7 7 9

*Note: Results for all years are scored on 1999 scoring protocols. Scores for 1991 - 1993 are
excluded from this table because they are based on lab processed results.

Evaluation Criteria:
Benthic Conununitv Score 7-12 13-18 19-23 24-29 30-35
Communitv Condition Verv Poor Poor Fair Good Excellent



"

Section6. Fish Communitv

Philosophical Approach/Back2round

Many of the same considerations discussed for the benthic macroinvertebrate community

(Section 5) also apply for the fish community. These are repeated here, as appropriate, in case the

reader does not have access to that information.

Fish are usually included in aquatic monitoringprograms because they are important to the

aquatic foodweb and because they have a long life cyclewhich allows them to integrate conditions

over time. In streams, fish communitymonitoring often has found environmentaldegradation

when physicaland chemicalmonitoring have failedto do so. Fish are also important to the public

for aesthetic, recreational, and commercialreasons.

Reservoir fish communitiesare vastly different ITomthat in the river prior to impoundment

due to significanthabitat alterations. Also, differencesare expected along a longitudinalgradient

with a more riverine communityexpected at the upper end or inflow of a reservoir and a more

lacustrine communityexpected in the pool near the dam. Other factors to consider in evaluating

biotic communitiesin reservoirs include reservoir operational characteristics (e.g., water depth,

water level fluctuation, depth of drawdown for flood control, retention time, stratification, bottom

anoxia, substrate type and stability, and depth of withdrawal for discharge) and physical/chemical

features owing to geological characteristicsof differentecoregions.

All these factors, plus the fact that a reservoir is an artificialsystem, must be considered in

selecting communitycharacteristics or expectations that will be used to evaluate aquatic resource

conditions. Given that reservoirs are artificialsystems, it is not possible to use the well accepted

Index of Biotic Integrity (IBI) approach of using reference sites to determine characteristics or

expectations of a reservoir unaffected by human impacts. By definition,ffiI specifiesreference

conditions should be developed ITomnatural, unaltered habitats (Karr and Dudley, 1981 after

Frey 1975). Therefore, other approaches must be used; such as, using historical or

preimpoundment conditions, predictive models, best observed conditions, or professional

judgment. A5 stated above, preimpoundmentconditions are inappropriate due to significant

habitat alterations. Like benthic macroinvertebrates,the state of the understanding of fish

communities in reservoirs simplyis insufficientfor models to effectivelypredict species

composition and relative abundance. This leaves the latter two as the most viable alternatives for



establishing appropriate reference conditions or expectations for reservoirs. TVA's experience

has found use of best observed conditions adjusted using professionaljudgment as the best

approach. Use of best observed conditions requires an extensive database to determine

expectations for each metric, and use of professionaljudgment to adjust scoring ranges requires

substantial experience witl1the group of reservoirs under consideration. To use this concept,

results in the data base which approach desired conditions for a given conununity characteristic

are considered representative of best observed conditions. Monitoring results fallingwithin that

range would be considered "good". Details of this approach to developing reference conditions

are provided later in this document.

Another important consideration in developing reference conditions is that care must be

taken to compare only those reservoirs for which comparison is appropriate. That is, only those

in the same ecoregion and comparable physical characteristics should be compared. Hence,

separation of reservoirs into appropriate classes is a critical step.

TVA's monitoring program includes 31 reservoirs. For classificationpurposes these have

been divided into two major groups: run-of-the-river reservoirs (those with short retention times

and winter drawdown of only a few feet) and tributary reservoirs (those with long retention times

and substantial winter drawdowns). The tributary reservoirs have been further divided into three
.

groups by ecoregion and reservoir physical characteristics. Fish assemblage expectations for each

metric (discussed later) have been developed for each of these four reservoir categories.

Tributary Reservoirs
Run-of-River Blue Ridge Ridge & Valley Interior Plateau

Reservoirs Ecoregion Ecoregion Ecoregion
Kentucky Apalachia Cherokee Tims Ford
Pickwick Hiwassee Ft. Patrick Henry Normandy
Wilson Chatuge Boone Bear Creek
Wheeler Nottely South Holston Little Bear Creek
Guntersville Parksville Douglas Cedar Creek

Nickajack Blue Ridge Norris Beech

Chickamauga Fontana
Watts Bar Watauga
Fort Loudoun
Tellico
Melton Hill



Sample Collection Methods

Shoreline electrofishingsamples were collected during daylighthours from forebay and

transition (mid-reservoir) zones of most reservoirs during autumn (September through November

1999). In addition, inflow areas (generallythe tailwater area of the upstream data) were sampled

on most run-of-the river reservoirs. Only the forebay was sampled on very smallreservoirs or

reservoirs where zones were indistinguishable. Location of collection sites in 1999are identified

in Section 1, Table 1.

A total of 15 electrofishingruns, each covering 300m of shoreline,was collected from

each of the sampled zones. Allhabitats were sampledin proportion to their occurrence in the

zone. Twelve experimental gill nets with five 6.1m panels (mesh sizes of 2.5, 5.1, 7.6, 10.2, and

12.7 cm) were set for one overnight period in forebay and transition zones. Excessive current

prevented use of gill nets in mainstream inflowareas limitingsamplingto only electrofishingin

these locations. Nets were set in all habitat types, alternatingmesh sizes toward the shoreline

between sets.

Total length (mm) and weight (g) were obtained for sport species and channel catfish.

Remaining species captured were enumerated prior to release. During electrofishing,fish

observed but not captured were included if positive identificationcould be made and counts were

estimated when high densities of identifiablefishwere encountered. Young-of-year fish were

counted separately and, as in stream ffiI calculations(Karr 1981), were excludedfrom

proportional and abundance metrics due to samplinginefficiencies. Only fish examined closelyas

a result of obtaining length'and weight measurementswere inspected externallyfor signs of

disease, parasites, and anomalies. Other species groups often included several individualswhich

were observed, but not captured, thus the ratio of diseased, etc. was not obtainable for these

groups. Natural hybrids (i.e., those known not to be part of a fisheries managementprogram)

were included as an anomaly. Field data loggers or data sheets were used to record all results.

It is important for a monitoring program to demonstrate that the data it produces are

reproducible. This is particularly true in this case because it is necessary to use two field crews so

all the required sampling can be completed within the desired time frame to minimizeseasonal

effects-generally the reservoirs to be monitored in a particular year are split equallybetween the

two crews. To evaluate the reproducibilityof the RFAI results, 15 -20 percent of the sites to be



monitored in a panicular year are selected to be resampled as part of the Quality Control

program. An attempt is made to select sites representative of all reservoir classes and reservoir

reaches. Selected sites are revisited by a second field crew several days or weeks after the initial

sampling to collect a second set of samples. A RFAI score is then developed separately for each

of the two sample sets. In 1999, 7 of the 38 sites monitored were selected for resampling as part

of the Quality Control program. For a variety of reasons (primarilybecause of a very tight

schedule), only 6 sites were revisited.

Reservoir Fish AssemblaS!eIndex (RFAD

The RFAI uses 12 fish communitymetrics trom five general categories (Hickman and

McDonough, 1995). The 12 metrics include:

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.

2. Number ofpiscivore species--Higher diversity ofpiscivores is indicative of

better quality environment.
.

3. Number of sunfish species--Lepomid sunfish (excludes black basses, .

crappies, and rock bass) are basicallyinsectivores, and high diversity of this

group is indicative of reduced siltation and suitable sediment quality in littoral

areas.

4. Number of sucker species--Suckers are also insectivores but inhabit the

pelagic and more riverine sections of reservoirs.

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 proponions of individualstolerant of

degraded conditions.

1



7. Percentage 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 sensitiveto

environmental stresses due to their abilityto vary their diets. As trophic links

are disrupted due to degraded conditions, specialist species such as

insectivores declinewhile opportunistic omnivorous species increase in

relative abundance.

9. Percentage of individuals as insectivores--Due to the special dietary

requirements of this group of speciesand the limitationsof their food source

in degraded environments,proportion of insectivores increases with

environmentalquality.

Reproductive Composition

10. Number oflithophilic spawning species--Lithophilicbroadcast spawners

spawn over rocky substrate and do not provide parental care. This guild is

expected to be sensitiveto siltation. Numbers of lithophilicspawning species

increase in reservoirs providing suitable conditions reflective of good

environmentalquality.

Abundance

11. Total catch per unit effort (number ofindividuals)--This metric is based

upon the assumption that high qualityfish assemblagessupport large numbers

of individuals.

Fish Health

12. Percentage individuals with anomalies--Incidence of diseases, lesions,

tumors, external parasites, deformities,blindness, and natural hybridization

are noted for all fish measured, with higher incidenceindicating poor

environmental conditions.

Establishing scoring criteria (i.e., expectations or reference conditions) requires a

substantial data base for each class of reservoir and assumes the data base contains reservoirs with

conditions ranging trom poor to good for each metric. The smallerthe number of reservoirs



within a class, the less likelythese assumptions can be met and the greater the need for sound

professional judgment based on extensive knowledge of reservoir communities being studied.

One way to help alleviate this problem is to use several years of results trom reservoirs within a

class. This not only helps establish baseline conditions for each reservoir, but also has the

desirable effect of increasing the data base trom which scoring criteria can be developed.

However, care must be taken to keep this time period as short as possible; otherwise, constantly

changing criteria will prevent recognition of improvements or degradation, if they occur. This

potential problem was realized as this monitoring program was being conceived. As a result, it

was decided that the maximum desired period to establish baseline conditions and provide the

data base to develop scoring criteria would be fiveyears, assuming variations oflow, normal, and

high flows were experienced in that time trame. This proved to be the case. In practice, scoring

criteria for RAFI metrics were reevaluated.each year trom 1990 through 1994as new data were

add~d. Scoring criteria have not been adjusted since 1994.

In developing scoring criteria, a slightlydifferent approach was used for species richness

metrics than for abundance and proportional metrics. For species richness metrics, a list was

madeof all speciescollectedtrom comparablelocationswithina reservoirclasstrom 1990- 1994.

This species list was adjusted using inferences of experienced biologists knowledgeable of the
.

reservoir system, resident fish species, susceptibilityof each species to collection methods being

used, and effects of human-induced impacts on these species. This effort resulted in a list of the

maximum number of species expected to occur at a samplinglocation and be captured by

collection devices in use. Given that only one collection effort is exerted each year, this maximum

number of species would not be expected to be represented in that one collection. Therefore, the

range trom zero to 95% of the maximum was trisected to provide the three scoring ranges (good,

fair, and poor). Although even 95% of the maximumnumber of species at a site would not be

expected to be collected in one sampling event, this "high" expectation was adopted to keep these

metrics conservative in light of potential uncertainties introduced by relying heavily on

professional judgment.

Scoring criteria for proportional metrics and the abundance metric were determined by

trisecting observed ranges after omitting outliers. Next, cutoff points between the three ranges

were adjusted based on examination of frequency distributions of observed data for each metric



along with professionaljudgment. In some cases, the narrow range of observed conditions

required further adjustment based on knowledge of metric responses to human-induced impacts

observed in other reservoir classes. Scoring criteria for the fish health metric are those described

by Karr et.al. (1986). Scoring criteria are detailed in Table 1.

Scoring criteria are used to separate results for each metric into three categories assumed

to represent relative degrees of condition of the fish assemblageranging from good to poor. Each

category has a corresponding value: good = 5; fair =3; and poor = 1. The sum of the 12 metrics

constitutes the RFAI score.

Scoring criteria were applied differentlyto results from the two collections methods

(electrofishing and experimentalgill netting) depending on the type metric. For the taxa richness,

reproductive composition, and fish health metrics, samplingresults were pooled prior to scoring.

For abundance and proportional metrics, electrofishingand gill netting results were scored

separately, then the two scores averaged to arrive at a final metric value.

To arrive at an evaluation of the condition of the fish assemblage at a sample location,

scores were evaluated as follows:

RFAI Score
Community Condition

12-21
Very Poor

22-31
Poor

32-40
Fair

41-50
Good

51-60
Excellent

The contribution of the fish communityresults for each sample site to the overall reservoir

Ecological Health Index was as follows:

RFAI Score
Contribution to Reservoir

Ecological Health Index

Fish assemblageresults along with results from the other four indicators and overall the

ecological health score for each reservoir are used to keep the public informed on the conditions

12-21
1

22-31
2

32-40
3

41-50
4

51-60
5

of Tennessee Valley reservoirs. In publicationsintended for the public, results for each of the five

environmental indicators at each sample site are presented using one of three colors -- green

(good), yellow (fair), or red (poor). This necessitated dividingthe RFAI scores into three ranges
as follows:

RF AI Score
Color

12-28

Poor (Red)
29-44

Fair (Yellow)

45-60

Good (Green)



Results from 1999 Monitorin2

RFAI scores for 1990 through 1999 are summarized by reservoir class and type of

location in Table 2. (Note: 10 electrofishing runs were used from 1990 to 1992 and 15 were used

from 1993 to 1999.) Appendix D summarizes results and ratings for individualmetrics and final

RFAI scores for each sample location based on 1999 data. Appendix E provides mean catch per

effort by species for electrofishing and gill netting efforts at each location in 1999.

An important step in evaluating results is to determine the reproducibility of the RFAI

scores. The RFAI scores from the original and repeat samplingform the basis of this comparison

as described above. The first step in evaluating the QC results is to determine the magnitude of

difference between the two scores which is acceptable. We have chosen 10 (out of a maximum

RFAI score of60) as the desired maximum difference between the two sample sets. A difference

greater than this could cause the RAFI to change two rating categories (e.g., very poor-l point to

fair-3 points or fair-3 points to good-5 points). A shift of two categories in the RFAI could cause

a change of 2 points contributed to the overall Reservoir ,EcologicalHealth Score. For reservoirs

with only one sample location, a 2 point change translates into a change of8.8 percent change in

the Ecological Health Score, which is deemed unacceptable.

.

Comparison of Scores ITomInitial and Repeat Sampling in 1999:

Wheeler Transition Zone

Chickamauga Transition Zone
Nickajack Inflow

Run-of-the-River Reservoirs
Initial Score OC Score

303(poor) 41b(Good)
413(Good) 40b(Fair)
463(Good) 54b(Excellent)

Difference
11

I
8

Tributary Reservoirs
Blue Ridge Ecoregion
Blue Ridge Forebay (Site included for re-sampling per QA plan, but re-sampling

did not occur.)

Ridge and Valley Ecoregion
Douglas Forebay 42b(Good) 303(poor) 12
Norris Mid-Reservoir 53b(Excellent) 413 (Good) 12

Interior Plateau Ecoregion
Bear Creek Forebay 443(Good) 47b (Good) 3

a. = Crew A; b = CrewB
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The maximum observed differencein RAFI scores between the original and repeat

collection efforts was 12 (2 sample sets). Only3 of the 6 QA sample sets had a difference less

than the desired maximumof 10. The mean differencefor all reservoirs in 1999 and associated 95

percent confidence limitswere 7.8i:5.0 (2.8 - 12.8). Means and 95 percent confidence limits for

other years are shown below.

Differences in scores trom repeat sample sets were greater in 1999 than in any previous

year. Half of the sample sets as well as the 95% confidenceIimit1exceeded the desired maximum

of 10 points. Mean differenceswere relativelylow in 1994 and 1995. There was a slight increase

in 1996 and 1997, yet the differenceswere still acceptable. Results for 1998 marked the first time

that the upper limit of the 95% CL included 10, the maximumdifferencedeemed acceptable.

Discussion of the greater differencesin 1998 QC results focused on differencesin repeat sample

sets at run-of-river-reservoir inflow sites because the maximumdifferencebetween replicate sets

of samples in 1996, 1997, and especially1998 occurred at those sites each year, whereas, this had

not been the case in 1994 and 1995.

1994Pickwick Inflow

1995 ChickamaugaInflow

1996 Wilson Inflow

1997Kentucky Inflow

1998Pickwick Inflow

1999Nickajack Inflow

Difference= 2

Difference= 4

Difference= 12

Difference= 14

Difference = l' i 6.

Difference= 8

Maximum Observed 95% Lower Upper
Year Difference Mean CL Limit Limit
1994 10 2.6 i: 1.8 0.8 4.3

1995 6 3.1 i: 1.9 1.2 5.0

1996 12 4.4 i: 3.5 0.8 8.0

1997 14 4.3 i: 5.5 -1.2 9.8

1998 16 5.3 i: 4.9 0.4 10.2

1999 12 7.8 i: 5.0 2.8 12.8
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The tendency toward a greater difference in repeat sample sets iTomthe inflow site did not

hold true in 1999. Rather, of the three sites which had a differencegreater than 10, two were on

tributary reservoirs where inflows are not sampled and the other was iToma run-of-river-reservoir

transition zone site. The only consistent observation on the 1999 repeat scores was that the lower

of the paired scores always came from the same field crew. There are a variety of implications

ttom this observation, all of which will be taken into consideration prior to initiating the

monitoring cycle in 2000 in an effort to eliminateas many sources of differences between the two

crews as possible. However, the immediate issue deals with the 1999RFAI scores - are they

reliable? One way to address this question is to compare the 1999 results to the long-term results

for each site. Basically, all things being equal, there should be no bias for either higher or lower

scores compared to past results. Crew A sampled 9 reservoirs with a total of 18 sites in 1999. Of

those 18 sites, 10 had a RFAI score within the long-term range, 8 sites had RFAI scores lower

(generally by one point) than had ever been measured before, and none of the sites had a score in

1999 which exceeded the highest found to date. Crew B also sampled 9 reservoirs with a

combined total of 20 sites in 1999. Of those 20 sites, 16 had a RFAI score within the long-term

range, one site had a score lower than had ever been measured before, and 3 sites had a score in
,

1999 which exceeded the highest found to date.

This tally indicates that Crew B did not have a bias, yet Crew A did have a slight negative

(lower score) bias. The next step in this process is detennine if this bias in the RFAI scores has

important implications to the overall ecological health scores for those 9 reservoirs sampled by

Crew A.

The 18 sites at which Crew A conducted fish assemblage sampling in 1999 were

distributed among the 9 reservoirs as follows: 1 site each on Apalachia, Bear Creek, Little Bear

Creek, Cedar Creek, and Parksville reservoirs, 2 sites on Nickajack Reservoir; 3 sites on

Chickamauga Reservoir (Crew B sampled the 41hsite on Chickamauga); and 4 sites each on

Kentucky and Wheeler reservoirs. Five of these 9 reservoirs had RFAI scores similar to past

years indicating little, if any, potential impact of the possible bias on the overall ecological health

scores. These 5 reservoirs include Bear Creek, Cedar Creek, Chickamauga, Kentucky, and Little

Bear Creek. For the remaining 4 reservoirs (Apalachia,Nickajack, Parksville, and Wheeler),



RFAI scores were generally lower than in past years. For each site in each of these reservoirs, the

RFAI was lower than in the past by one scoring category (e.g., "Fair" in 1999 compared to a

long-tenn average in the "Good" category). A shift of one rating category would decrease the

contribution ofRF AI to the overall reservoir ecological score by 1 point per site. When this

difference is figured into the overall reservoir ecologicalhealth score, it would have had the

potential to reduce the score for Apalachiaand Parksvilleby 4 points (each of these have one

sample location so 1 point dividedby 22.5 maximumpoints =0.04 or 4 percentage points); for

Wheeler Reservoir by 5 points (1 point for each of 4 sample locations divided by maximum of

77.5 points = 0.05 or 5 percentage points); and for NickajackReservoir 6 points (1 point for each

of2 sample locations dividedby maximumof32.5 points =0.05 or 6 percentage points).

As discussed above and detailed in Section 1, the overall ecological health score is divided

into three categories -Poor (scores22.5- 58);Fair(scores59 - 72);andGood (scores(73 - 100).
If the percentage points described above for each reservoir were added to the reservoir ecological

health score for 1999 and compared to these categories, only one reservoir (parksville) would

change categories:

Reservoir
Apalachia
Parksville
Wheeler

Nickajack

Initial 1999 Score /

Initial Category
59 -Fair
58 -Poor
60 -Fair

85 - Good

RFAI Points
to Add

4
4
5
6

New Reservoir Score /
New Category

63 -Fair
62 -Fair
65 -Fair

91 - Good

From this evaluation it appears that RFAI scores for a few reservoirs may have been

negatively influenced by the possiblebias of one field crew. Fortunately, the magnitude of

influencewas relatively smalland buffered by the other four indicators. As a result, the influence

on the possible bias on the overall reservoir ecological scores was negligiblewhen compared to

the ultimate rating categories of Good-Fair-Poor.
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Table I. Scoring criteria for forebay and transition sections of mainstream reservoirs in the Tennessee River valley. Lower mainstream reservoirs
include: Kentucky, Pickwick,Wilson and Wheeler Reservoirs. Upper mainstream reservoirs include:Guntersville,Nickajack, Chickamauga,Watts
Bar and Fort LoudounReservoirs. Other reservoirs include: MeltonHill and Tellico Reservoirs.

ScoringCriteria
Forebay Transition

Metric Reservoir Grou Gear I 3 5 1 3 5

I. Number of species Lower mainstream Combined <14 14-27 >27 <16 16-30 >30
Upper mainstream Combined <14 14-27 >27 <15 15-29 >29
Other reservoirs Combined <13 13-24 >24 <13 13-26 >26

2. Number of Lepomidsunfish species Lower mainstream Combined <2 2-3 >3 <2 2-3 >3
Upper mainstream Combined <2 2-4 >4 <2 2-4 >4
Other reservoirs Combined <2 2-4 >4 <2 2-4 >4

3. Number of sucker species Lower mainstream Combined <4 4-6 >6 <4 4-7 >7
Upper mainstream Combined <4 4-7 >7 <4 4-7 >7
Other reservoirs Combined <4 4-6 >6 <4 4-6 >6

4. Number of intolerant species Lower mainstream Combined <2 2-4 >4 <3 3-4 >4
Upper mainstream Combined <2 2-4 >4 <2 2-4 >4
Other reservoirs Combined <2 2-3 >3 <2 2-4 >4

5. Percent tolerant individuals All Electrofishing >45% 20-45% <20% >50% 25-50% <25%
All Gill netting >40% 20-40% <20% >40% 20-40% <20%

6. Percent dominance All Electrofishing >60% 40-60% <40% >60% 40-60% <40%
All Gill netting >50% 30-50% <30% >50% 30-50% <30%

7. Number of piscivore species Lower mainstream Combined <4 4-7 >7 <4 4-7 >7
Upper mainstream Combined <4 4-7 >7 <4 4-7 >7
Other reservoirs Combined <4 4-7 >7 <4 4-7 >7

8. Percent omnivores All Electrofishing >45% 20-45% <20% >50% 25-50% <25%
All Gill netting >45% 30-45% <30% >45% 30-45% <30%

9. Percent invertivores All Electrofishing <35% 35-70% >70% <30% 30-60% >60%
All Gill netting <5% 5-15% >15% <7% 7-15% >15%

10. Number of Lithophilicspawning species Lower mainstream Combined <4 4-6 >6 <4 4-7 >7
Upper mainstream Combined <3 3-6 >6 <4 4-7 >7
Other reservoirs Combined <4 4-7 >7 <4 4-7 >7

II. Total number of individuals All Electrofishing <50 50-100 >100 <50 50-100 >100
All Gill netting <15 15-35 >35 <15 15-35 >35

12. Percent anomalies All Combined <2% 2-5% >5% <2% 2-5% >5%



Table 1, continued. Scoring criteria for inflow sections of Mainstream Reservoirs in the Tennessee River valley. Lower mainstream reservoirs
include: Kentucky, Pickwick, Wilson and Wheeler Reservoirs. Upper mainstream reservoirs include:Guntersville,Nickajack, Chickamauga, Watts
Bar and Fort Loudoun Reservoirs.

ScoringCriteria
Metric ReservoirGroup Gear 1 3 5

.
I. Number of species Lower mainstream Electrofishing <14 14-27 >27

Uppr mainstream Electrofishing <14 14-27 >27
Melton Hill Electrofishing <13 13-24 >24

2. Number of Lepomid sunfish species Lower mainstream Electrofishing <2 2-4 >4

Upper mainstream Electrofishing <3 3-4 >4
Melton Hill Electrofishing <3 3-4 >4

3. Number of sucker species Lower mainstream Electrofishing <4 4-7 >7

Upper mainstream Electrofishing <3 3-6 >6
Melton Hill Electrofishing <3 3-6 >6

4. Number of intolerant species Lower mainstream Electrofishing <3 3-6 >6

Upper mainstream Electrofishing <2 2-4 >4
Melton Hill Electrofishing <2 2-4 >4

5. Percent tolerant individuals All Electrofishing >55% 30-55% <30%
6. Percent dominance All Electrofishing >60% 40-60% <40%

7. Number of piscivore species Lower mainstream Electrofishing <4 4-7 >7

Upper mainstream Electrofishing <3 3-6 >6
Melton Hill Electrofishing <4 4-7 >7

8. Percent omnivores All Electrofishing >55% 30-55% <30%
9. Percent invertivores All Electrofishing <25% 25-50% >50%

10. Number of Lithophilic spawning species Lower mainstream Electrofishing <4 4-7 >7

Upper mainstream Electrofishing <4 4-7 >7
Melton Hill Electrofishing <3 3-5 >5

II. Total number of individuals All Electrofishing <50 50-100 >100
12. Percent anomalies All Electrofishing <2% 2-5% >5%



Table I, continued. Scoring criteria for reservoirs in the Interior Plateau Ecoregionof the TennesseeRiver valley. Other reservoirs include: Beech,
Bear Creek, Little Bear Creek, and Cedar Creek Reservoirs.

Scoring Criteria
Forebay Transition

Metric Reservoir Grou Gear 1 3 5 1 3 5

I. Number of species Normandy Combined <8 8-17 >17 <8 8-17 >17
Tims Ford Combined <10 10-20 >20 <II 11-20 >20
Other reservoirs Combined <10 10-19 >19

2. Number of Lepomid sunfish species Normandy Combined <2 2-3 >3 <2 2-3 >3
Tims Ford Combined <2 2-3 >3 <2 2-3 >3
Other reservoirs Combined <2 2-3 >3

3. Number of sucker species Normandy Combined <3 3-4 >4 <2 2-2 >2
Tims Ford Combined <4 4-6 >6 <4 4-6 >6
Other reservoirs Combined <3 3-5 >5

4. Number of intolerant species Normandy Combined <2 2-2 >2 <2 2-2 >2
Tims Ford Combined <2 2-2 >2 <2 2-2 >2
Other reservoirs Combined <2 2-2 >2

5. Percent tolerant individuals All Electrofishing >30% 15-30% <15% >30% 15-30% <15%
All Gill netting >35% 20-35% <20% >35% 20-35% <20%

6. Percent dominance All Electrofishing >60% 40-60% <40% >60% 40-60% <40%
All Gill netting >50% 30-50% <30% >50% 30-50% <30%

7. Number of piscivore species Normandy Combined <3 3-6 >6 <3 3-6 >6
Tims Ford Combined <4 4-6 >6 <4 4-6 >6
Other reservoirs Combined <3 3-6 >6

8. Percent omnivores All Electrofishing >25% 10-25% <10% >25% 10-25% <10%
All Gill netting >60% 40-60% <40% >60% 40-60% <40%

9. Percent invertivores All Electrofishing <60% 60-80% >80% <50% 50-70% >70%
All Gill netting <3% 3-6% >6% <3% 3-6% >6%

10. Number of Lithophilicspawning species Normandy Combined <3 3-6 >6 <3 3-6 >6
Tims Ford Combined <4 4-6 >6 <4 4-6 >6
Other reservoirs Combined <3 3-6 >6

II. Total number of individuals All Electrofishing <40 40-80 >80 <40 40-80 >80
All Gill netting <10 10-18 >18 <10 10-18 >18

12. Percent anomalies All Combined <2% 2-5% >5% <2% 2-5% >5%



Table 1, continued. Scoring criteria for reservoirs in the Ridge and Valley Ecoregion ofthe Tennessee River valley.

Scoring Criteria
Forebay Transition

Metric Gear 1 3 5 1 3 5

1. Number of species Combined ..<10 10-19 >19 <11 11-20 >20

2. Number of Lepomid sunfish species Combined <2 2-3 >3 <2 2-3 >3

3. Number of sucker species Combined <3 3-5 >5 <3 3-6 >6

4. Number of intolerant species Combined <2 2-2 >2 <2 2-2 >2
5. Percent tolerant individuals Electrofishing >30% 15-30% <15% >30% 15-30% <15%

Gill netting >50% 30-50% <30% >50% 30-50% <30%
6. Percent dominance Electrofishing >60% 40-60% <40% >60% 40-60% <40%

Gill netting >50% 30-50% <30% >50% 30-50% <30%

7. Number of piscivore species Combined <3 3-6 >6 <4 4-6 >6
8. Percent omnivores Electrofishing >25% 10-25% <10% >25% 10-25% <10%

Gill netting >60% 40-60% <40% >60% 40-60% <40%
9. Percent invertivores Electrofishing <60% 60-80% >80% <50% 50-70% >70%

Gill netting <3% 3-6% >6% <3% 3-6% >6%

10. Number of Lithophilic spawning species Combined <2 2-4 >4 <3 3-6 >6
11. Total number of individuals Electrofishing <40 40-80 >80 <40 40-80 >80

Gill netting <15 15-30 >30 <15 15-30 >30
12. Percent anomalies Combined <2% 2-5% >5% <2% 2-5% >5%



Table 1, continued. Scoring criteria for reservoirs in the Blue RidgeEcoregionof the TennesseeRiver valley.

Scoring Criteria
Forebay Transition

Metric Gear I 3 5 1 3 5

I. Number of species Combined <8 8-15 >15 <8 8-15 >15

2. Number of Lepomid sunfish species Combined <2 2-3 >3 <2 2-3 >3

3. Number of sucker species Combined <2 2-3 >3 <2 2-3 >3

4. Number of intolerant species Combined <2 2-2 >2 <2 2-2 >2
5. Percent tolerant individuals Electrofishing >30% 15-30% <15% >30% 15-30% <15%

Gill netting >20% 10-20% <10% >20% 10-20% <10%
6. Percent dominance Electrofishing >60% 40-60% <40% >60% 40-60% <40%

Gill netting >50% 30-50% <30% >50% 30-50% <30%

7. Number ofpiscivore species Combined <3 3-5 >5 <3 3-5 >5
8. Percent omnivores Electrofishing >10% 5-10% <5% >10% 5-10% <5%

Gill netting >30% 15-30% <15% >30% 15-30% <15%
9. Percent invertivores Electrofishing <75% 75-85% >85% <75% 75-85% >85%

Gill netting <3% 3-6% >6% <3% 3-6% >6%

10. Number of Lithophilicspawning species Combined <3 3-4 >4 <3 3-4 >4
11. Total number of individuals Electrofishing <30 30-60 >60 <30 30-60 >60

Gill netting <10 10-18 >18 <10 10-18 >18
12. Percent anomalies Combined <2% 2-5% >5% <2% 2-5% >5%



Table 2. Summary ofRFAI Scores for 1990-1999 Based on 1994 Scoring Methods.

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Apalachia IForebay 32 27 36 26
Bear Creek lForebay 47 45 44 38 48 45 44
Beech Lake IForebay 29 27 28 32

Blue Ridge IForebav 40 37 39 42 44 36 45

lBoone If;orebay 30 35 24 34 35 32 32
Mid-res. So. Holston 41 30 36 36 27 36 34

Mid-res. Watauga 34 34 34 37 39 40 31

!cedar Creek Forebav 42 41 50 44 48 51 42

!chatuge Forebay 35 43 40 43 36 28 40

Shooting Creek 40 39 41 25 38

Cherokee Forebay 38 42 35 42 38 37 32 36
Mid-reservoir 39 36 34 38 38 32 35 32

Chickamauga Forebay 45 44 46 45 41 47 38 41
nflow 48 48 42 56 52 44 38 52 44

Transition 45 45 41 51 43 50 44 40 41

Sequoyah 48 43

Hiw. R. Embayment 48 42 39 44 47

Douglas Forebay 41 33 39 40 42 36 46 42
Mid-reservoir 41 42 38 43 44 37 49 ."

Fontana orebay 42 43 29 37

Mid-res. L'Tenn. R. 44 42 37 36 47
, Mid-res. Tuck. River 40 40 33 .40 41

Fort Loudoun orebay 39 35 41 41 37 36 33 42 49 46
nflow 40 32 24 34 36 32 26 22 40 46

Irransition 33 33 33 34 38 27 38 37 41 40
dttle R. Embayment 35

Fort Patrick Henry IForebay 46 33 20 26 27 26
Guntersville IForebay 42 46 39 46 30 44 39

nflow 52 46 40 38 42 46 32
Irransition 40 33 40 38 35 36 30

IHiwassee lForebay 42 39 48 52 51 49
Mid-reservoir 49 40 47 43 50 47

lKentucky IForebay 37 44 38 42 38 41 41 39
tEmbavrnent 31 31 28 34 32
nflow 44 46 36 38 34 36 38 42

Transition 48 44 49 44 43 42 44 40
ittle Bear Creek Forebay 42 45 46 42 46 52 47

Melton Hill Forebay 37 42 31 40 49 41 .51
nflow 40 20 18 22 28 36 36

Transition 40 36 30 43 43 38 41



'.

Table 2. Continued

1990 1991 1992 1993 .1994 1995 1996 1997 1998 1999

Nickaiack orebav 46 45 36 49 45 44 35 34
Inflow 54 48 48 58 50 54 46 46

Transition 43 40

Nonnandv orebav 41 53 48 45 58 53

IMid-reservoir 51
Norris IForebay 33 34 34 34 43 31 38 38

Mid-res. ClinchRiver 44 40 43 47 51 39 45 51

IMid-res.Powell River 48 48 44 48 52 41 45 53

Nottelv IForebay 37 35 37 38 36 35 42 39

Mid-reservoir 40 37 37 43 41 39

Parksville-Ocoee no 1IForebav 32 36 34 42 37 37 25

Pickwick IForebay 43 40 34 50 43 42 44

lBearCr. Embayment 42 44 51 40

Irnflow 48 44 42 50 46 48 42

[ransition 45 45 40 47 47 53 37

South Holston IForebav . 34 39 51 43 42 47

Mid-reservoir 41 40 44 44 39 40

rrellico J<orebay 37 38 36 36 47 37 45 46

Transition 36 31 31 41 44 37 46 45

rrims Ford Forebav 40 46 50 33 42 46

Mid-reservoir 48 51 47 49 44 49

Upper Bear Creek Forebav 31 34 31

!watauga Forebay 33 29 30 31 37 26
Mid-reservoir 32 31 42 35 43 46

!watts Bar Forebav 42 42 35 39 43 41 44 39

nflow Tennessee 34 40 42 38 46 40 50
nflow Clinch 46 40 34 44 40 48 46

Irransition 46 46 44 53 46 42 48

Iwheeler lJ<orebay 40 43 40 49 41 50 41 39

nflow 44 44 40 44 48 42 50 36

Transition 40 36 31 47 43 37 38 30

Elk River Embayment 41 50 39 46 38

Iwilson Forebay 33 44 39 44 45 42 47

Inflow 38 38 46 54 40 46 44



Table 3. Core Fish Species List with Trophic Guild, Tolerance, and Reproductive Designations*
for use in Reservoir Fish AssemblageIndex (RAFI) for TVA Reservoirs

Species Tropic Guild Tolerance Lithophilic
Soawner

Chestnut Lamprey PS L

Spotted Gar PI

Longnose Gar PI TOL
Shortnose Gar PI TOL
Bowfin PI
American Eel PI

Skipjack Herring PI !NT
Gizzard Shad OM TOL
Threadfin Shad PL
Mooneye IN L
Chain Pickerel PI
Central Stoneroller HB
Conunon Carp OM TOL
Goldfish OM TOL
Silver Chub IN !NT
Golden Shiner OM TOL
Emerald Shiner IN
Ghost Shiner IN
Spotfin Shiner IN
MimicShiner . IN !NT
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 !NT L
Silver Redhorse IN L
Shorthead Redhorse IN L
River Redhorse IN !NT L
Black Redhorse IN !NT L
Golden Redhorse IN



Table 3. Continued

Species Tropic Guild Tolerance. Lithophilic
Spawner

Blue Catfish OM
Black Bullhead OM TaL
Yellow Bullhead OM TaL
Brown Bullhead OM TaL
Channel Catfish OM
Flathead Catfish PI

Blackstripe Topminnow IN
Blackspotted Topminnow IN
MosQuitofish IN TaL
Brook Silverside IN
White Bass PI L
Yellow Bass PI L
Rock Bass PI !NT
Redbreast Sunfish IN TaL
Green Sunfish IN TaL
Wannouth IN
Oranp;espottedSunfish IN
Bluecill IN
Longear Sunfish IN !NT
Redear Sunfish IN
Spotted Sunfish IN
SmallmouthBass PI
Spotted Bass PI
Larp;emouthBass PI
White Crappie PI
Black Crappie PI
Yellow Perch IN
Loerch IN L

Sauger PI L

Walleye PI L
Freshwater Drum IN

*Designations:
Trophic Guild: HB =Herbivore; PS =Parasitic; PL =Planktivore; OM = Omnivore

IN = Insectivore: PI = Piscivore
Tolerance: TaL = Tolerant; !NT = Intolerant
Lithophilic Spawning Species=L


