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Section 1. Reservoir Monitoring -- Overview of Approach,
Methods, and 1994 Results

Introduction

The Tennessee Valley Authority (TVA) began its Stream Monitoring Program in 1986 to
evaluate major tributaries of the Tennessee River. A parallel program, Reservoir Monitoring, was begun in
1990. The combined Stream and Reservoir Monitoring efforts consolidated these newly-developed
activities with existing activities to form an integrated program that is part of TVA's comprehensive Clean
Water Initiative.

Objectives of TVA’s monitoring efforts are to provide information on the "health" or integrity
of the aquatic ecosystem in major Tennessee River tributaries and reservoirs and to provide screening level
information for describing how well these water resources meet the "fishable" and "swimmable" goals of
the Clean Water Act. Vital Signs monitoring activities provide the necessary information from key
physical, chemical, and biological indicators to evaluate the ecological health of each stream or reservoir
and to target detailed assessment studies if significant problems are found. In addition, this information
establishes a baseline for comparing future water quality conditions. Periodic monitoring of toxic
contaminants in fish and bacteriological sampling at recreation areas provides information for evaluating
whether Tennessee Valley waters are fishable and swimmable.

This paper focuses on how TVA performs the overall ecological health rating for reservoirs. It

summarizes 1994 data as an example of the mechanics and index values resulting from the rating system.

Study Design Considerations

Several fundamental premises or assumptions were formulated to aid the study design process.
These included:

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

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

3. Monitoring methods must provide current, useful information to resource managers;
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 results of water quality
improvement efforts; and



5. Addressing specific cause/effect mechanisms is not the primary purpose of monitoring.

While monitoring may provide information to identify cause/effect relationships, more

detailed assessment investigations usually are required.

With these premises in mind, TVA's challenge has been to develop a sustainable
monitoring effort that collects the right kinds of physical, chemical, and biological data to
provide enough information 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 available resources. Following are some the basic study
design decisions TVA made in developing this program. The four main activities of the program
focus on (1)physical/chemical characteristics of water; (2)acute toxicity and physical/chemical
characteristics of sediment; (3)benthic macroinvertebrate community sampling; and (4) fish
assemblage sampling.

Ecological Indicators-- Physical, chemical, and biological indicators were selected to
provide information from various habitats or ecological compartments on the health of that
particular habitat or compartment. For example, in reservoirs the open water or pelagic area
was represented by physical and chemical characteristics of water (including chlorophyll) in
midchannel. The shoreline or littoral area was evaluated by sampling the fish community. The
bottom or benthic compartment was evaluated using two indicators: quality of surface
sediments in midchannel (determined by chemical analysis of sediments and acute toxicity
testing of pore water); and examination of benthic macroinvertebrates from a transect across the
full width of the sample area (including overbanks if present).

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, basically the floodplain which was inundated when the dam was built, were
included in transition zone and forebay areas. Another important reservoir area, embayments,
also was consideréd. Previous studies (Meinert, Butkus, and McDonough, 1992) have shown
that ecosystem interactions within an embayment are mostly controlled by activities and
characteristics within the embayment watershed, usually with little influence from the main
body of the reservoir. Although these are important areas, monitoring the ecological health 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) were included in the Vital Signs Monitoring Program.

Sampling Frequency--Sampling frequencies (indexing periods) must consider the expected
temporal variation for each indicator. Physical and chemical components vary significantly in
the short term so they are monitored monthly from spring to fall. Biological indicators better
integrate long-term variations and are sampled once each year. Fish assemblage sampling is
conducted in autumn (September-November). From 1990 through 1994 benthic
macroinvertebrate sampling was conducted in early spring (February-April) to avoid aquatic
insect emergence. Beginning in 1995, sampling will be conducted in late autumn/early winter
(November and December). The problem with spring sampling is that results are reflective of
conditions from the previous year. This caused evaluations for this indicator to be out of synch
with those from the other indicators. This change is more thoroughly discussed in Section 4

“Benthic Macroinvertebrate Community.”

Data Evaluation Considerations

Selection of data evaluation techniques is also of primary importance in study design
considerations. Like most evaluations, results for ecological integrity studies must be compared to some
reference or yard stick to determine if monitoring results are indicative of good, fair, or poor conditions. In
streams this is usually accomplished by studying a site that has had little or 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 not possible. Developing reference conditions for reservoirs represents a more difficult
task and requires special attention. Tied closely to development of reference conditions is the issue of
classification--grouping only those waterbodies which are expected to have similar characteristics and
thus correctly allow an “apples to apples” comparison. In streams, important considerations include
comparable stream size, gradient, ecoregion, etc. Similar considerations apply to reservoirs but the list
is longer because reservoirs are managed or controlled systems and those objectives must be taken into
consideration.

Reference Conditions--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 “natural” reservoir because reservoirs are manmade systems. Other

approaches must be used such as: 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 a large variety of indicators because of such great spatial and temporal
variations within and between reservoirs. Spatial variation exists within in the multiple zones
(e.g., forebay, transition zone, inflow, and embayments) of a 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 from only a few
feet to several hundred feet. This leaves best observed conditions or professional judgment 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
professional judgment is the best approach. Use of best observed conditions requires an
extensive database to determine metric expectations, and use of professional judgment to adjust
scoring ranges requires substantial experience with the group of reservoirs under consideration.
To use this concept results in the data base which approach desired conditions for a given
community characteristic are considered representative of best observed condition. Monitoring
results falling within that range would be considered “good”. Details of this approach to
developing reference conditions are provided latter 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
reservoirs for which similar communities would be expected should be compared--those in the
same ecoregion with comparable physical characteristics. Hence, separation of reservoirs into
appropriate classes is a critical step.

Reservoir Classification -- Implications of reservoir classification issues to
environmental indicator evaluation had to be considered in developing the study design.
This was accomplished by examining the following fundamental question separately for
each indicator--Should reservoir ecological health evaluations be based on:

(1) ideal conditions (for example, a very low DO concentration is 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 water

management practices, withdrawal schemes, stratification, etc.)?



The answer to this question was the same for some indicators but differed for others.
For DO and Sediment Quality, ideal conditions should be expected. 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 concentrations of
pesticides, and should not pose a toxic threat to biota. In this situation, there is no need for
classification because the same conditions are desired for all reservoirs. For chlorophyll,
benthos, and fish the latter approach was used. As such, reservoirs must be grouped or
stratified because the same conditions do not exist for all reservoirs. The classification
scheme that has evolved for chlorophyll is actually a combination of the two approaches--
examination of the “natural” nutrient level in the watershed and then a
conceptual/subjective decision made as to the concentrations indicative of good, fair, and
poor conditions. Two classes of reservoirs were developed -- reservoirs in watersheds
draining nutrient poor soils, primarily those 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 the benthic macroinvertebrate and fish communities, reservoirs were divided into
four classes. The reservoirs on the Tennessee River plus two navigable reservoirs on
tributaries to the Tennessee River. This group of reservoirs has relatively short retention
times and little winter drawdown. The remaining tributary reservoirs were separated by
ecoregion into three classes: those in the Blue Ridge Ecoregion, those in the Ridge and
Valley Ecoregion, and those on the Interior Plateau Ecoregion.

Reservoir classification issues are further discussed in subsequent sections as they apply

to specific environmental indicators.

Ecological Health Rating Methods

There are no official or universally accepted guidelines or criteria upon which to base an
evaluation of the health or integrity of the aquatic ecosystem within reservoirs. Consequently, an
evaluation methodology had to be developed to assess overall ecological health or condition of reservoirs
included in TVA’s Vital Signs program. The ecological health evaluation system combines both biological
and physical/chemical information to examine reservoir and stream health. Five aquatic ecosystem
indicators are used -- dissolved oxygen, chlorophyll-a, sediment quality, benthic macroinvertebrates, and

fish community.



Detailed descriptions of écoring criteria for each environmental indicator are provided in other
sections. A brief overview is provided here to assist in understanding how individual ratings contribute to
the overall ecological health score for a reservoir. Dissolved oxygen scoring criteria attempt a
multidimensional approach that includes considering dissolved oxygen levels both in the water column and
near the bottom of the reservoir. The DO scoring criteria necessarily are complicated because of the
combined effects of flow regulation and the potential for oxygen depletion in the hypolimnion.

Chlorophyll scoring criteria were developed separately for each of the two classes of reservoirs
based on geologic and soil characteristics and professional experience with reservoirs in the TVA region.
Reservoirs expected to be oligotrophic received highest ratings at low chlorophyll concentrations.
Reservoirs expected to be mesotrophic received highest ratings for a range of concentrations. Experience
has shown that below a threshold level of chlorophyll (about 2-3 ug/l), primary production may be
insufficient to support an active, biologically healthy food chain. In addition, chlorophyll concentrations
above a higher threshold (about 10 ug/l) result in undesirable eutrophic conditions. Minimum and
maximum chlorophyll concentrations were selected based on this experience and professional judgment.

The sediment quality scoring criteria uses a combination of two characteristics: sediment
toxicity to test organisms; and sediment chemical analyses for ammonia, heavy metals, pesticides, and
PCBs.

For the benthic macroinvertebrate and fish community indicators, scoring criteria were
developed from the existing data base on TVA reservoirs. Appropriate community characteristics or
metrics were selected for each community (8 metrics for benthic macroinvertebrates and 12 metrics for
fish). Data for each metric/community characteristic (e.g., number of taxa, abundance, etc.) were ranked
and divided into good, fair, and poor groupings. Data for the current year of monitoring (e.g., 1994) were
then compared to these criteria and scored accordingly. Scores for each metric were then summed to obtain
a score for that community. This approach is valid if the data base is sufficiently large and if it can be
safely assumed that the data base covers the full spectrum of good to poor conditions.

~ The first step in determining an overall reservoir health score is to sum the ratings for all
indicators (ranging from 1-poor to 5-excellent) at a sample site. The number of indicators monitored at
each site varies. Generally, all five indicators are included; however, this is not always the case. For
example, chlorophyll and sediment quality are not monitored at the inflows on run-of-the-river reservoirs

because in situ plankton production of chlorophyll does not occur significantly in that part of a reservoir

and because sediments do not accumulate there. The number of sites per reservoir also varies from one

(the forebay) in small tributary reservoirs to four (forebay, transition zone, inflow, and embayment) in



selected run-of-the-river reservoirs. As a result, the number of individual ratings vary from five to 18 for
the 30 reservoirs monitored in 1994. Specific information on what indicators were sampled in each
reservoir is in Table 1.

To arrive at an overall health evaluation for a reservoir, the sum of the ratings from all sites are
totaled, divided by the maximum potential ratings for that reservoir, and expressed as a percentage. For
example, a small reservoir with only one sample site, the minimum health evaluation would be 20 percent
(all five indicators rated poor-1 for a total score of 5 divided by the maximum possible total of 25) and the
maximum would be 100 percent (all five indicators rated good-3). This same range of 20 to 100 percent
applies to all reservoirs regardless of the number of sample sites, and the same calculation process is used.

The next step is to divide the 20-100 percent scoring range into categories representing good,

fair, and poor ecological health conditions. This has been achieved as follows:

1. Results are plotted and examined for apparent groupings.

2. Groupings are compared to known, a priori conditions (focusing on reservoirs
with known poor conditions), and good-fair and fair-poor boundaries were
established subjectively.

LFS ]

The groupings are compared to a trisection of the overall scoring range. A scoring
range is adjusted up or down a few percentage points to ensure a reservoir with
known conditions falls within the appropriate category. This is done only in
circumstances where a nominal adjustment is necessary.

These methods have been in use for four years. Each year slight modifications are
made in the original evaluation process and the numerical scoring criteria for each of the five
ecological health indicators based on experience gained from working with this process, review of
the evaluation scheme by other state and federal professionals, and results of another year of

monitoring,

As a result, scoring ranges have changed slightly over the years as outlined below

Run-of-the-river reservoirs Tributary, storage reservoirs

Poor Fair Good Poor Fair Good
1991 <53 53-72 >72 <5 57-72 >72
1992 7110553 53-72 >72 <37 57-72 >72
1993 <52 52-71 >71 <57 57-71 >71
1994 ™" =52 52-72 >72 <57 57-72 >72

The difference in the poor scoring range between the two types of reservoirs is due to the fact

that two storage reservoirs with known poor conditions rated slightly higher than the boundary for the



lower (poor) grouping on the run-of-the-river reservoirs. Hence, the high end of the lower scoring range for
storage reservoirs was shifted upward from 52 to 56 percent to accommodate these reservoirs with known
poor conditions.

An example that illustrates the overall reservoir health evaluation methodology is presented in
Table 2. Wilson Reservoir, the example used, has five aquatic health indicators at one location and three

indicators at another location.

Ecological Health Ratines--1994 Results

Experience has shown rainfall and runoff have a significant impact on the ecological conditions
in TVA reservoirs. Both were above the long-term average for the Tennessee Valley in 1994 (Figures 1
and 2, respectively). Figure 3 shows the relative contribution of each of the major tributary rivers to flow
rates in Tennessee River reservoirs.

Physical and operational characteristics of reservoirs and the dams that control them are also
important in evaluating ecological condition. Table 3 summarizes a number of attributes of the reservoirs
included in the Vital Signs Monitoring program.

A brief summary of Vital Signs Monitoring results for each reservoir in 1994 is provided in
Appendix A. Differences between 1994 and 1993 results are discussed and explained to the extent
possible. Appendix A also includes ecological health scores for all years for which Vital Signs Monitoring
data exist. Scores are provided as reported (calculated based on the methods in use at that time) and based
on the 1994 scoring methods. These scores are also listed for each reservoir in Table 4.

The ecological score for each reservoir in 1994 is presented by classification unit in Figure 4.
Run-of-river reservoirs clearly scored higher than any other class. Six fell in the “good” category, four in
the upper end of the “fair” range, one in the middle of the “fair” range, and none “poor”. For the
tributary reservoirs, scores tended to be higher for reservoirs in the Blue Ridge Ecoregion--two were
“g00d”, three “fair”, and one “poor”. Tributary reservoirs in the Ridge and Valley Ecoregion had no
“g00d” scores--six were in the “fair” range and one in the “poor” range. One reservoir in the Interior
Plateau Ecoregion was “good”, three “fair”, and two “poor”.

The relative contribution of each environmental indicator to the overall score in 1994 for a
reservoir is given for the run-of-river reservoirs in Figure 5 and for tributary reservoirs in Figure 6. Low
ratings for certain indicators are obvious. In the run-of-river reservoirs low ratings for the benthic
macroinvertebrate community are obvious for Ft. Loudoun, Melton Hill, and Tellico Reservoirs. Low

rating for DO are apparent for several tributary reservoirs, especially those in the Interior Plateau



Ecoregion. Minimal DO ratings (i.e., a rating of 1 for all sample locations) occurred in Norris and
Cherokee Reservoirs in the Ridge and Valley Ecoregion and for all six reservoirs in the Interior Plateau
Ecoregion. None of the reservoirs in the Blue Ridge Ecoregion had minimal DO ratings. Probably low
primary productivity rates due to naturally low nutrient levels account for better DO conditions in the latter
group of reservoirs. As would be expected based on this line of logic, the reservoir with the highest
chlorophyll concentrations among reservoirs in the Blue Ridge Ecoregion (Nottely Reservoir) had the

- poorest DO conditions.

Figures 7 - 11 further examine the influence of each environmental indicator on overall
reservoir scores. Each figure plots the overall reservoir score based on all five indicators and the score
with one indicator deleted. These scores were also tested with a Paired T-test to quantitatively test for
differences between overall scores based on all five indicators and scores with one indicator deleted. Tests
were conducted separately for each ecoregion. Test results should be used only as an indication of possible
statistical significance because these are proportional ratings, not actual data, and because no

transformation was used prior to testing. Results are summarized below and on Figures 7-11:

Mean Difference In Reservoir Scores With All Five Indicators Vs Score With One Deleted

Indicator Run-of-River Ridge and Valley Blue Ridge Interior Plateau
Deleted Reservoirs Reservoirs Reservoirs Reservoirs

DO I 4.1 -1.6 Pk e
Chlorophyll 0.6 -1.1 -4.5% -4.9*
Sediment Qual. =1aSE 4.6%* 1.1 4.5%
Benthic Macro. 3.7 3ot [ s 0.9

Fish 1.3 -1.3 -1.6 -2.4

* Significant at o« = 0.1; ** Significant at & = 0.05; *** Significant at e = 0.01

Figure 7 plots these total scores on 1994 data with DO deleted. The previously discussed
influence of DO on overall scores for reservoirs in the Interior Plateau Ecoregion is readily apparent.
Scores for all six reservoirs in that ecoregion would be almost 10 percentage points higher if DO were
excluded. The opposite is the case for the Run-of-River reservoirs -- most reservoir scores would decrease
slightly. Scores for most tributary reservoirs in the Ridge and Valley Ecoregion would be higher if DO
were excluded. It is not possible to fully explain the consistency of very poor DO conditions in the Interior

Plateau tributary reservoirs. One important consideration is that 5 of the 6 reservoirs are water storage



projects; only Tims Ford has hydroelectric generators. This affects water retention time and withdrawal
depth, both have significant implications to DO conditions.

Figure 8 plots total scores with Chlorophyll deleted. Trends are not obvious. This is possibly
due to the importance of localized conditions of land use and nutrient enrichment on individual reservoirs
over riding natural regional conditions.

Figure 9 plots scores with Sediment Quality deleted. A listing of these changes is in Table 5. It
is important to consider implications of these changes because plans at the time this text was prepared were
to exclude Sediment Quality testing in 1995 due to budget constraints. Although small in most cases,
scores for 23 of the 30 reservoirs monitored would be lower if Sediment Quality were excluded. Six of
these 23 would decrease by 5 or more percentage points. The greatest decrease (11%) would be for Beech
Reservoir which had mostly poor or fair ratings, so excluding sediments would cause the score to drop
substantially. Only four reservoirs would have a higher score if Sediment Quality were excluded. Two of
these (Parksvile and Fontana) would decrease by 5 or more percentage point. Parksville would have the
greatest improvement (+15%). Sediment Quality problems there include very high concentrations of
several metals, high concentrations of PCBs, and toxicity to test animals. Problems in Fontana Reservoir
were high chlordane and toxicity.

Figure 10 plots total reservoir scores with Benthic Macroinvertebrates deleted. Tributary
reservoirs in the Blue Ridge and Ridge and Valley Ecoregions, as well as the upper most Run-of-River
reservoirs, would have mostly higher scores if benthos were excluded. Benthos ratings were mostly low in
these reservoirs, so excluding them would result in a higher overall score. There is no obvious reason for
this trend. There is a great variety of reservoir depths, substrate types, drawdown depths, and dam
management strategies among these reservoirs.

Figure 11 plots overall scores with and without Fish ratings. Few substantial differences are

apparent.
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Reservoir

Kentucky

Pickwick

Wilson

Wheeler

Guntersville

Nickajack

Chickamuaga

RESERVOIR VITAL SIGNS MONITORING ACTIVITIES, 1994

Sampling

Locations®

TRM
TRM
TRM
Big

TRM
TRM
TRM

Bear Creek 8.4

TRM
TRM

TRM
TRM
TRM
Elk

TRM
TRM
TRM

TRM
TRM

TRM
TRM
TRM

25.0
85.0
200-206
Sandy 7.4

20753
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St = O
295.9
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River 6.0
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375. 2
420-424

425.5
469-470

472.3
490.5
518-529

Hiwassee 8.5

Description®

FB
TZ
E
E

FB
TZ
iE
E

FB
I

FB
TZ
I
E

FB
TZ
NE

FB
I

FB
TZ
&
E

TABLE 1

Reservoir Vital Signs Monitoring Tcols

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

(revised 10/31/94)
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TABLE 1 (Cont'd)

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

Reservoir Vital Signs Monitoring Tools

sampling Sediment Quality’ Benthic Fish Community'
Reservoir Locations® Description’ Water Quality® Toxicity Phy/Chem Invertebrates® Diversity/RFAI
Watts Bar TRM 531.0 FB M A A A A

TRM 560.8 TZ M A A A A

TRM 600-601 T = = = A A

CRM 19522 I = = = A A
Fort Loudoun TRM 605.5 FB M A A A A

TRM 624.6 TZ M A A A A

TRM 652 I el = = A A
Tellico LTRM 1.0 FB M A A A A

LTRM 15.0 T2 M A A A A
Melton Hill CRM 24.0 FB M A A A A

CRM 45.0 TZ M A A A A

CRM 59-66 1 - = - A A

Totals 24 24 24 35 35



Reservoir

Norris

Cherokee

Douglas

Ft.Pat Henry

Boone

South Helston

Watauga

Fontana

TABLE 1 (Cont'd)

RESERVOIR VITAL SIGNS MONITORING ACTIVITIES, 1994

Sampl ing
Locations”

CRM
CRM
PRM

HRM
HRM
HRM

FBRM
FBRM
FBRM

SFHR

SFHR
SFHR
WRM

SFHR
SFHR

WRM
WRM

LTRM
LTRM
TkRM

80.0
125.0
30.0

53.0
76.0
91

33.0
51.0
61

8.7

19.0
270
6.5

51,0
62.5

37.4
45.5

62.0
81.5
3.0

Tributary Storage Reservoirs
--Limited Monitoring Strategy--

Description®

FB
MR
MR

"5

FB

FB
MR
MR

FB
MR/ T

FB
MR

FB
MR
MR

Reservoir Vital Signs Monitoring Tools

Sediment Quality”

Water Quality® Toxicity
M A
M A
M A
M A
M A
M A
M A
M A
M A
M A
M A
M A
M A
M A
M A
M A
M A
M A

Phy/Chem

- A

I

T e 1 P b

Benthic Fish Community'
Invertebrates’® Diversity/RFAl
A A
A A
A A
A A
- A
A =
A A
A A
A A
A A
A A
A A
A A
A A
A A
A A
o A
A A
A A



TABLE 1 (Cont'd)

Tributary Storage Reservoirs

--Limited Monitoring Strategy (continued)--

Reservoir Vital Signs Monitoring Tools

Sampling Sediment Quality’ Benthic Fish Community

Reservoir Locations” Description® Water Quality® Toxicity Phy/Chem  Invertebrates® Diversity/RFAl
Hiwassee HiRM 77.0 FB M A A A A
HiRM 85.0 MR M A A A A
HiRM 90 I - - - A -
Chatuge HiRM 122.0 FB M A A A A
Shisotihg Cr 1.5 FB M A A A A
Nottely NRM 23.5 FB M A A A A
NRM 31.0 MR M A A A A
Blue Ridge ToRM 54.1 FB M A A A A
Ocoee No.l1 GRM%12.5 FB M A A A A
Tims Ford ERM 135.0 FB M A A A A
ERM 150.0 MR M A A A A
Bear Creek BCM 75.0 FB M A A A A
L. Bear Creek LBCM 12.5 FB M A A A A
Cedar Creek GECM 25.2 FB M A A A A
Normandy DRM 249.5 'FB M A A A A
Beech BRM 36.0 FB M A A A A
Totals 33 33 33 32 33



TABLE 1 (Cont'd)

Footnotes

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

b. FB - forebay; TZ - transition zone; MR - mid-reservoir; I - Inflow; and E - embayment. MR/I = Sampling

location was referred to as an inflow location in the fish community evaluation (sampling done in autumn
at lower reservoir water level elevations); and, as a mid-reservoir location in the evaluation of the water
quality data (sampling done in summer at higher water level elevations).

--Basic Monitoring Strategy--

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

--Limited Monitoring Strategy--

M - monthly water quality surveys (April through October). The surveys include: in situ water column
measurements of temperature, dissolved oxygen, pH, and conductivity; Secchi depth measurements; and, photic
zone cholrophyll-a samples. Twice a year (April and RAugust) surface water samples are collected for
nutrients (organic nitrogen, ammonia nitrogen, nitrate+nitrite nitrogen, phosphorus, and dissolved ortho

phosphorus), and total organic carbon. No samples are collected for fecal coliforms, color, and suspended
solids.

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

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

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



Table 2 Computational Method For Evaluation of Reservoir Health

Wilson Reservoir - 1994 (Run-of-the-river reservoir)

Aquatic Health Indicators

Observations

Ratings

Forebay

T
Transition Inflow

Zone

¥
Transition
Zone

Forebay

Inflow

Dissolved Oxygen:
Less Than 2 mg/L (Summer Avg.)
% of X-Sectional Area
% of X-Sectional Bottom Length
Less Than 5 mg/l at 1.5m
Yes/No

0.4 (5)
10,7 (2)*

No

No Samples |Tailrace DOs

= No

3.5
(fair)

No Rating

*DO was 0 mg/L on the

L3
{good)

bottom

Chlorophyll-a, pg/L:
Summertime Average
Maximum Concentration

No Samples No Samples

3 Ho Rating
(Fair)

No Rating

Sediment Quality:
Toxicity
Ceriodaphnia Survival
Rotifer Survival

Chemistry
Metals/NH3/pesticides

Rating = 1
Yes-0% sur.
Yes-30% sur.
Rating = §
Nane

Ho Samples Ho Samples

3.0
(fair)

No Rating

No Rating

Benthic Community:
Dominance
Tubificidae
Chironomidae
EPT
Long-1lived
Taxa richness
Zero in sample
Mon-tolerant density

Total

R N e e

]

No Samples

e L2 LALA LD L LN Lo oLn

1
w

2 Ho Rating
(poor)

5
(excellent)

Fish Community:
RFAI
Rating

.
&

No Samples

.
w o

4 No Rating
(good)

(fair)

(tables93.wpf,

Overall Reservoir Evaluation Key:

Less than 52% - poor

(red)
52% to 72% - fair (yellow

Greater than 72% - good (green)

page 24)

Sampling Location Sum

15.5/6f 29 ==

13 of 15

Reservoir Sum

28.5 of 40 [71%]

T
OVERALL RESERVOIR EVALUATION |
1

"fair" (yellow)




Table 3. -

CHARACTERISTICS OF VITAL SIGNS RESERVOIRS

Average Average

Average Average Hydraulic  CY 1994

Drainage  Reservoir Surface Depth Annual Reservoir  Residence  Reservoir
Reservoir Area Length® Area* at Dam* Volume®* Drawdown® Flow-POR Time-1994*  Flow

Name (sq. miles) _(miles) (acres) (ft) (ac-ft) (ft) (cfs) (days) (cfs)
1000’s 1000’s
Run-of-the-River Reservoirs
Kentucky 40,200 184.3 160.3 88 2,839 5 66,600 16.6 86,463
Pickwick 32,820 52.7 43.1 84 924 6 54,900 5.9 79,148
Wilson 30,750 155 153 108 634 3 51,500 4.2 76,182
Wheeler 29,590 74.1 67.1 66 1,050 6 49,400 7.3 72,927
Guntersville 24,450 757 67.9 65 1,018 2 40,700 8.3 61,766
Nickajack 21,870 46.3 10.4 60 241 0 35,900 2.3 52,487
Chickamauga 20,790 58.9 35.4 83 628 7 34,200 6.2 50,663
Watts Bar 17,300 72.0/24.0° 39.0 105 1,010 6 27,100 12.6 40,393
Fort Loudoun 9,550 50.0 14.6 94 363 6 18,400 6.5 28,147
Melton Hill 3,343 44.0 37 69 120 0 4,920 8.1 7,451
Tellico 2,627 33.2 16.5 80 415 6 6,300¢ 24.2 8,638¢
Tributary River Reservoirs

Norris 2,912 73.0/53.0° 34.2 202 2,040 32 4,190 165.6 6,211
Douglas 4,541 43.1 30.4 127 1,408 48 6,780 78.8 9,009
Cherokee 3,428 54.0 30.3 163 1,481 28 4,460 117.9 6,335
Ft Patrick Henry 1,903 10.4 0.9 81 27 0 2,650 4.3 3,189
Boone 1,840 17.4/15.3° 4.3 129 189 25 2,550 30.2 3,151
South Holston 703 23.7 7.6 239 658 33 976 264.1 1,256
Watauga 468 16.3 6.4 274 569 26 714 345.2 831
Fontana 1,571 29.0 10.6 460 1,420 64 3,840 130.0 5,509
Hiwassee 968 22.2 6.1 255 422 45 2,020 74.5 2,855
Chatuge 189 13.0 7.0 124 234 10 459 2179 542
Nottely 214 20.2 4.2 167 170 24 416 183.1 468
Ocoee #1 (Parksville) 595 75 1.9 115 85 7 1,420 26.9 1,592
Blue Ridge 232 11.0 3.3 156 193 36 614 171.0 569
Tims Ford 529 34.2 10.6 143 530 12 940 194.1 13749
Bear Creek 232 16.0 0.7 74 10 11e 380 9.8 513

Cedar Creek 179 9.0 4,2 79 94 14° 282 121.8 389
Little Bear Creek 61 /] 1.6 82 45 122 101 170.6 133
Normandy 195 17.0 352 83 110 11 320 116.3 477
Beech 16 9.3 0.9 32 11 1° 14 - --

a. Estimates based on normal maximum summer -pool.

b. Tennessee River and Reservoir System Operation and Planning Review, Final EIS, TVA/RDG/EQS--91/1, 1990.

¢. Major/minor arms of reservoir.

d. Estimated flow based on releases from Chilhowee Dam (POR avg.= 4770cfs), and adjusted based on the additional drainage area between
Chilhowee Dam (1977 sq miles) and Tellico Dam (2627 sq miles).

Estimated based on difference between normal maximum summer pool and average minimum winter pool elevations.

o

Data Source: Hydrologic Data Management (Knoxville, TN), Systems Enginesring, TVA, 1994. (v8-resS4.1bD



Table 4. Reservoir Ecological Health Scores 1991 - 1994

Watershed/ Area |Eco Health Rating, as reported | Eco Health on 1994 Criteria | Three-yr
Reservoir (Acres) | 1991 | 1992 | 1993 | 1994 | 1991 | 1992 | 1993 | 1994 | Average

Kentucky Res. Watershed

Kentucky Reservoir 160,300 77 88 75 71 76 88 76 71 78

Beech Reservoir 900 N/A N/A 65 56 N/A | N/A 70 56 63
Duck River Watershed

Normandy Reservoir 3,200 N/A N/A 56 68 N/A N/A 56 68 62
Pickwick/Wilson Watershed

Pickwick Reservoir 43,100 77 75 13 84 74 78 71 84 78

Wilson Reservoir 15,500 60 68 71 71 60 68 74 71 71

Bear Creek Resrvoir 700 N/A N/A 60 56 N/A N/A 56 56 56

Little Bear Creek Res. 1,600 N/A N/A 64 64 N/A | N/A 64 64 64

Cedar Creek Reservoir 4,200 N/A N/A 56 80 N/A | N/A 60 80 70
Wheeler/Elk Watershed

Wheeler Reservoir 67,100 89 80 72 75 70 78 74 75 76

Tims Ford Reservoir 10,600 N/A 60 58 58 N/A 58 56 58 &7
Guntersville/Sequatchie WS

Guntersville Reservoir 67,900 | 66 83 78 83 81 85 81 83 83
Nickajack/Chickamauga —

Nickajack Reservoir 10,400 89 83 88 90 85 83 88 90 87

Chickamauga Res. 35,400 90 73 83 87 88 81 86 87 85
Hiwassee River Watershed

Hiwassee Reservoir 6,100 82 69 58 68 70 73 65 68 69

Chatuge Reservoir 7,100 60 56 67 77 60 80 75 0l 77

Nottely Reservoir 4,200 60 60 64 56 60 53 62 56 51,

Blue Ridge Reservoir 3,300 87 73 72 86 80 83 80 86 83

Ocoee No. 1 Reservoir 1,900 47 53 52 60 70 70 68 60 66

RESHEA94 XLS




Table 4. cont. Reservoir Ecological Health Score 1991 - 1994

Watershed/ Area | Eco Health Rating, as reported | Eco Health on 1994 Criteria | Three-yr
Reservoir (Acres)|] 1991 | 1992 | 1993 | 1994 | 1991 | 1992 | 1993 | 1994 | Average
Watts Bar/Ft. Loud./Mel. Hill
Watts Bar Reservoir 39,000 69 71 68 79 A 76 74 79 76
Fort Loudoun Reservoir | 14600 60 53 58 61 63 59 60 61 60
Melton Hill Reserovir 5700 80 67 68 e 72 66 69 72 69
Clinch/Powell Watershed
Norris Reservoir 34200 =Y 67 67 69 73 76 71 69 72
L' Tenn. River Watershed
Tellico Reservoir 15,900 48 48 63 7 54 48 57 71 59
Fontana Reservoir 10,600 N/A N/A 64 67 N/A N/A 71 67 69
|French Broad River WS
Douglas Reservoir 30,400 42 56 58 64 60 o2 58 64 58
Holston River Watershed
Cherokee Reservoir 30300 50 53 64 53 62 60 64 53 59
Fort Pat. Henry Res. 900 N/A N/A 72 60 N/A N/A 80 60 70
Boone Reservior 4300 51 64 59 59 52 63 61 59 61
South Holston Res. 7600 60 o7 65 66 63 63 69 66 66
Watauga Reservor 6,400 80 57 61 65 7T 72 63 65 67

RESH

14 .XLS




Table 5. Reservoir Ecological Health Scores for 1994-With and Without Sediment Quality

1994 1994 Rating/Score
Reservoir Rating/Score Without Sediment Difference
Kentucky Fair - 71 Fair - 69 -2 pts
Pickwick Good - 84 Good - 81 -3 pts
Wilson Fair - 71 Good - 73 +2 pts
Wheeler Good - 75 Good - 73 -2 pts
Guntersville Good - 83 Good - 82 -1 pt
Nickajack Good - 90 Good - 89 -1 pt
Chickamauga Good - 87 Good - 87 0
Watts Bar Good - 79 Good - 79 0
Fort Loudoun Fair - 61 Fair - 57 -4 pts
Melton Hill Fair - 72 Fair - 68 -4 pts
Tellico Fair - 71 Fair - 71 0
Norris Fair - 69 Fair - 65 -4 pts
Douglas Fair - 64 Fair - 63 -1 pt
Cherokee Poor - 53 Poor - 43 -10 pts
Fort Patrick Henry Fair - 60 Poor - 55 -5 pts
Boone Fair - 59 Fair - 58 -1 pt
South Holston Fair - 66 Fair - 58 -8 pts
Watauga Fair - 65 Fair - 64 -1 pt
Fontana Fair - 67 Good - 75 +8 pts
Hiwassee Fair - 68 Fair - 60 -8 pts
Chatuge Good - 77 Good - 76 -1 pt

Nottely Poor - 56 Poor - 53 -3 pts



Table 5. Cont.’

1994 1994 Rating/Score
Reservoir Rating/Score Without Sediment Difference
Blue Ridge Good - 86 Good - 83 -3 pts
Parksville Fair - 60 Good - 75 +15 pts
Tims Ford Fair - 58 Poor - 55 -3 pts
e Fair - 68 Fair - 60 - 8 pts
Bear Creek Poor - 56 Poor - 55 -1pt
Little Bear Fair - 64 Fair - 65 +1 pt
Cedar Creek Good - 80 Good - 75 -5 pts

Beech Poor - 56 Poor - 45 -11 pts



FIGURE 1

PRECIPITATION DEPARTURES FROM LONG-TERM MEAN
FOR THE TENNESSEE RIVER BASIN

DEPARTURE IN INCHES
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FIGURE 2

RUNOFF DEPARTURES FROM LONG-TERM MEAN
FOR THE TENNESSEE RIVER BASIN ABOVE KENTUCKY DAM
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Figure 3.  Average Annual Tennessee River Flows Showing Contributions of Major
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Figure 5. Overall Ecological Health of Run-of-the-River Reservoirs in the Tennessee Valley in
1994, (Ecological Health Indicators are shown as a proportion of their contribution to the overall score for each reservoir.)
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Figure 6. Overall Ecological Health of Tributary Reservoirs in the Tennessee Valley in 1994.

(Ecological Health Indicators are shown as a proportion of their contribution to the overall score for each reservoir.)
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Figure 7. Overall Reservoir Scores Based on All Five Indicators vs. Scores Without Dissolved Oxygen Ratings - 1994 Results
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* Although plotted data are percentages and were not Arc-sin transformed, Paired T-tests were performed to

indicate possible differences between reservoir scores with and without individual ratings (¢=0.05),



Figure 8. Overall Reservoir Scores Based on All Five Indicators vs. Scores Without Chlorophyll Ratings - 1994 Results
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Figure 9. Overall Reservoir Scores Based on All Five Indicators vs. Scores Without Sediment Ratings - 1994 Results
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Overall Reservoir Scores Based on All Five Indicators vs. Scores Without Benthic Ratings - 1994 Results

Figure 10.
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Figure 11. Overall Reservoir Scores Based on All Five Indicators vs. Scores Without Fish Ratings - 1994 Results
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Section 2. Dissolved Oxveen (DO) and Chlorophvil

Dissolved Oxygen

Philosophical Approach/Backeround

Oxygen is vital for life. In situations where funding is limited and only one indicator of
reservoir health could be measured, DO would likely be the indicator of choice. Hutchinson (1975) states
that probably more can be learned about the nature of a lake from a series of oxygen measurements than
from any other kind of chemical data. The presence, absence, and levels of DO in a lake or reservoir both
control and are controlled by many physical, chemical, and biological processes (e.g., photosynthesis,
respiration, oxidation-reduction reactions, bacterial decomposition, temperature). DO measurements
coupled with observations of water clarity (Secchi depth), temperature, nutrients, and some basic
hydrologic and morphometric information provide meaningful insight into the ecological health of a
Teservoir.

Ideally, a reservoir has near-saturation concentrations of DO throughout the water column
available to fish, insects, and zooplankton for respiration. This is usually the case during winter and
spring, when most reservoirs are well mixed. However, in summer (characterized by more available
sunlight, warmer water temperatures, and lower flows) both thermal stratification and increased biological
activity may combine to produce a greater biochemical demand for oxygen than is available, particularly in
the deeper portions of the reservoir. As a result, summer levels of DO often are below saturation in the
metalimnion and hypolimnion of a reservoir or lake. This hypolimnetic and 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 assimilative capacity of a reservoir, but if
they are low enough and/or sustained long enough, they adversely affect the health and diversity of the fish_
and benthic communities. Sustained near-bottom anoxia not only promotes the biochemical relea}a‘of
phosphorus which affects trophic conditions, but also promotes the release of ammonia, sulfide, and
dissolved metals into the interstitial pore and near-bottom waters. If this phenomenon persists long enough,
many of these reduced chemicals can cause chronic or acute toxicity to benthos.

A dissolved oxygen concentration of 2 mg/L was selected as a level below which undesirable
ecological conditions exist. Values below this level primarily cause adverse impacts on benthic
macroinvertebrate organisms and loss of quality habitat for fish. Historic information for reservoirs in the
Tennessee Valley has shown that the burrowing mayfly (Hexagenia sp.) disappears from the benthic

community at DO concentrations of 2 mg/L and below (Masters and McDonough, 1993). Most fish



species avoid areas with DO concentrations below 2.0 mg/L (loss of habitat): fish growth and reproduction
is reduced at these levels, and many highly desirable species such as sauger and walleye simply cannot
" survive at such low levels of DO. |

A question fundamental to reservoir ecological health evaluation as well as reservoir
classification issues is — should reservoir ecological health evaluations be based on (1) ideal
conditions, for example, very 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 concurrently with chlorophyll and other physical/chemical samples.
Collection methods for these efforts are described in the subsection entitled Data Collection Methods--
Physical/Chemical Characteristics of Water (following the subsection on Chlorophyll Rating Scheme).

DO Rating Scheme

A conceptual model was developed for dissolved oxygen rating criteria. The rating criteria
represent a multidimensional approach that includes dissolved oxygen levels both throughout the water
column (WCpo) and near the bottom (Bpo) of the reservoir. The DO rating at each sampling location
(ranging from 1 "poor" to 5 "good") is based on monthly summer water column and bottom water DO
concentrations. (Summer is defined as a six-month period when maximum thermal stratification :nd
maximum hypolimnetic anoxia is expected to occur: April through September for the run-of-the-river
reservoirs and May through October for the tributary reservoirs.) The final DO rating is the average of the

water column DO rating and the bottom DO rating;

DO Rating = 0.5 (WCpo rating + Bpo rating), where:

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

reservoir cross-sectional area (at the location where the sampling was conducted) that has

a dissolved oxygen (DQ) concentration less than 2.0 mg/L.



Average: Cross-Sectional Area WCpo Rating for

(DO less than 2 me/L) Sampling Location*
<5% 5 (good);
>5% but <10% 3 (fair);
>10% I (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 WCpo rating

was lowered if the measured DO at the 1.5 meter depth at a sampling location
was below 5.0 mg/L at any time. These adjustments were as follows.

Minimum DO at Sampling Location
1.5 meter depth WCpq Rating Change
<5.0 mg/L Decreased one unit (e.g., 5 to 4);
<4.0 mg/L Decreased two units (e.g., 5 to 3);
<3.0 mg/L Decreased three units (e.g., 5 to 2);
etc. etc.

Bpo (Bottom DO) Rating--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 mg/L, as follows:

Average Cross-Sectional Length* Bpo Rating for
(DQ less than 2 mg/L) Sampling Location
0% 5 (good);
0to 10% 4
10 to 20% 36t
20 to 30% Pl
>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 Bpo rating was lowered one
unit, with a minimum rating of 1.

Results from 1994 Monitoring

Table 2 summarizes DO and chlorophyll results for each location monitored in 1994. The\
summary of DO results includes information on water column and bottom DO measurements and
the final DO rating.
Isopleths for dissolved oxygen and temperature are provided in Appendix A for each sample

location during the 1994 sampling season.



Chlorophvll

Philosophical Approach/Background

Algae are the base of the aquatic food chain; consequently, measuring algal biomass or primary
productivity is important in evaluating ecological health. Without algae converting sunlight energy. carbon
dioxide, and nutrients into oxygen and new plant material, a lake or reservoir could not support other
aquatic life. Chlorophyll-a is a simple, long-standing, and well-accepted measurement for estimating algal
biomass, algal productivity, and trophic condition of a lake or reservoir (Carlson, 1977).

Generally, lower chlorophyll concentrations in the oligotrophic range are thought of being
indicative of good water quality conditions. Conversely, high chlorophyll concentrations are usually
considered indicative of cultural eutrophication. However, care must be taken not to over generalize. For
example, it would be inappropriate to expect all reservoirs in the Tennessee Valley to have low chlorophyll
concentrations because some reservoirs are in watersheds which have nutrient rich, easily erodable soils.
Most watersheds in the Tennessee Valley provide sufficient nutrients to expect chlorophyll concentrations
in the mesotrophic range, even in absence of cultural etrophication. However, two watersheds in the
Tennessee Valley have soils (and consequently waters) with naturally low nutrient levels-—-the Little
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
metasedimentary rocks.

Obviously, development of appropriate expectations is a critical step in evaluating implications
of chlorophyll concentrations 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. N

hs
The classification scheme used to develop expectations for chlorophyll in Tennessee Valley

reservoirs was based on the “natural” nutrient level in a watershed. 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 ologotrophic 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.



Results from 1994 Monitoring

Table 2 summarizes DO and chlorophvll results for each location monitored in 1994. The
summary of chlorophyll results includes the average chlorophyll concentration for the monitoring

season, the maximum observed chlorophyll concentration, and the Final Chlorophyil-a Rating.
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Data Collection Methods--Physical/Chemical Characteristics of Water

In 1994, physical/chemical water quality variables were measured at a total of 57 sampling
locations on 30 reservoirs. Three specific QA/QC measures were incorporated in the reservoir
physical/chemical water sampling activities. These included: (1) collection and analysis of triplicate sets of
water samples once during the year at all forebay sampling locations to assess sample collection, laboratory
analysis, and natural sample variability; (2) preparation and analysis of sample container blanks each
collection day to assess the degree of cc.)ntamination associated with the sample bottles and/or the sample
handling processes; and, (3) preparation and analysis of sample filtration blanks with each set of filtered
samples to assess the degree of contamination associated with the field sample filtration and handling.

The water quality monitoring activities on the Vital Signs reservoirs followed a "basic" (11 run-
of-the-river reservoirs) or a "limited" (19 tributary reservoirs) sampling strategy (Table 1).
Physical/chemical water quality data were stored on EPA's water quality data storage and retrieval

(STORET) system.

Basic--Monitoring on the run-of-the-river reservoirs included monthly water
quality surveys (April through September) at forebays and transition zones. Basic

monthly water quality sampling included in situ water column measurements of

temperature, dissolved oxygen, pH, and conductivity; Secchi depth measurements;
surface fecal coliform; photic zone (defined as twice the Secchi depth) composite
chlorophyll-a samples; and photic zone composite and near-bottom samples for
nutrients (organic nitrogen, ammonia nitrogen, nitrate+nitrite nitrogen, total
phosphorus, and dissolved orthophosphorus), total organic carbon, color, and N
suspended solids. Physical/chemical water quality sampling was not conducted at most -
run-of-the-river reservoir inflows because most of these locations are tailwater areas of
upstream dams; water quality characteristics there are more representative of processes
in the upstream reservoir.

Limited--Tributary storage reservoirs were sampled monthly (April through
October) for a smaller list of parameters. The approach was the same as for the
run-of-the-river reservoirs, except that no fecal coliform, color, or suspended solids

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

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



‘nutrient samplings were designed to provide information on nutrient concentrations
available at the beginning of the growing season, then near the end of the growing
season. Forebays were sampled on all these reservoirs, and mid-reservoir locations

were sampled on all but the smaller reservoirs.



TABLE 1 (revised 10/31/94)

RESERVOIR VITAL SIGNS MONITORING ACTIVITIES, 1994

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

Reservoir Vital Signs Monitoring Tools

sampling Sediment Quality’ Benthic Fish Community'
Reservoir Locations" Description® Water Quality® Toxicity Phy/Chem Invertebrates® Diversity/RFAl
Kentucky TRM 23.0 FB M A A A A
TRM 85.0 TZ M A A A A
TRM 200-206 I = -~ = A A
Big Sandy 7.4 E M A A A A
Pickwick TRM 207.3 FB M A A A A
TRM 230.0 TZ M A A A A
TRM 253-259 I = = = A A
Bear Creek 8.4 E M A A A A
Wilson TRM 260.8 FB M A A A A
TRM 273274 T = = = A A
Wheeler TRM 277.0 FB M A A A A
TRM 295.,9 TZ M A A A A
TRM 347-348 R & s - - A A
Elk River 6.0 E M A A A A
Guntersville TRM 350.0 FB M A A A A
TRM 375.2 TZ M A A A A
TRM 420-424 I = - = A A
Nickajack TRM 425.5 FB M A A A A
TRM 469-470 3 - = A A
Chickamuaga TRM 472.3 , FB M A A A A
TRM 490.5 TZ M A A A A
TRM 518-529 I - e = A A
Hiwassee 8.5 E M A A A A



TABLE 1 (Cont'd)

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

Reservoir Vital Sfgns Monitoring Tools

sampling Sediment quality? Benthic Fish Community'

Reservoir Locations" Description® Water Quality® Toxicity Phy/Chem  Invertebrates® Diversity/RFAl
Watts Bar TRMy 5310 I'B M A A A A
TRM 560.8 Tz M A A A A
TRM 600-601 I = oA = A A
CRM11 9522 I = = - A A
Fort Loudoun TRM 605.5 FB M A A A A
TRM 624.6 TZ M A A A A
TRM 652 I = = = A A
Tellico LTRM 1.0 FB M A A A A
LERM 35.0 T7 M A A A A
Melton Hill CRM 24.0 FB M A A A A
CRM 45.0 TZ M A A - A A
CRM 59-66 16 - = = A A
Totals 24 24 24 35 35



Reservolir

Norris

Cherokee

Douglas

Ft.Pat Henry

Boone

South Holston

Watauga

Fontana

RESERVOIR VITAL SIGNS MONITORING ACTIVITIES,

sanpling
Locations"

CRM
CRM
PRM

HRM
HRM
HRM

FBRM
FBRM
FBRM

SFHR
SFHR
SFHR
WRM

SFHR
SFHR

80.

125.0
30.0

53

76.0

9l

33.0
51. 0

61

8,

0

0

7

19 .
27 .

65

5082
62-;

WRM 37.4

WRM 45.5

LTRM 62.0
LTRM 81.5
TKRM 3.0 .-

Description’

FB

FB
MR
MR

FB
MR/ T

KB
MR

FB
MR
MR

TABLE 1 (Cont'd)

Tributary Storage Reservoirs
--Limited Monitoring Strategy--

1994

Reservoir Vital Signs Monitoring Tools

Water Qual fty®

sed[ment Qual |ty

Toxicity Phy/Chem  [nvertebrates®

HE=x I =
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TABLE 1 (Cont'd)

Tributary Storage Reservoirs

--Limited Monitoring Strategy (continued)--

Sampling
Reservolr Locatfons® pescription®
Hiwassee HiRM 77.0 FB

HiRM 85.0 MR

HiRM 90 I
Chatuge HiRM 122.0 FB

shieoEing € 1.5 " FB
Nottely NRM 23.5 FB

NRM 31.0 MR
Blue Ridge ToRM 54.1 FB
Ocoee No.1l ORM: q:2::. 5 FB
Tims Ford ERM135.0 FB

ERM 150.0 MR
Bear Creek BCM 75.0 FB
L. Bear Creek LBCM 12.5 FB
Cedar Creek GeEM 25 .42 FB
Normandy DRM 249.5 ‘'FB
Beech BRM 36.0 FB

ot
Totals

Reservoir Vital Signs Monitoring Tools

Sediment Quality® Benthic sh_Communi ty'

Water Quality® Toxicity Phy/Chen Invertebrates® Diversity/RFAl
M A A A A
M A A A A
- s - A A
M A A A A
M A A A A
M A A A A
M A A A A
M A A A A
M A A A A
'M A A A A
M A A A A
M A A A A
M A A A A
M A A A A
M A A A A
M A A A A
3y 33 33 32 33



TABLE 1 (Cont'd)

Footnotes
a. BCM - Bear Creek Mile BRM - Beech River Mile CCM Cedar Creek Mile
CRM - Clinch River Mile DRM - Duck River Mile ERM - Elk River Mile
FBRM - French Broad River HiRM - Hiwassee River Mile HRM - Holston River Mile
LBCM - Little Bear Creek Mile LTRM - Little Tennessee River Mile NRM -~ Nottely River Mile
ORM - Ocoee River Mile PRM - Powell River Mile SFHR = So Fork Holston River Mile
TRM - Tennessee River Mile ToRM - Toccoa River Mile TkRM = Tuckaseegee River Mile
WRM - Watauga River Mile PRM - Powell River Mile '
b. FB - forebay; TZ - transition zone; MR - mid-reservoir;

G

I - Inflow; and E - embayment. MR/I - Sampling
location was referred to as an inflow location in the fish community evaluation (sampling done in autumn

at lower reservoir water level elevations); and, as a mid-reservolir location in the evaluation of the water
quality data (sampling done in summer at higher water level elevations).

--Basic Monitoring Strategy--

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

—=-Limited Monitoring Strategy--

M - monthly water quality surveys (April through October). The surveys include: in situ water column
measurements of temperature, dissolved oxygen, pH, and conductivity; Secchi depth measurements; and, photic
zone cholrophyll-a samples. Twice a year (April and RAugust) surface water samples are collected for
nutrients (organic nitrogen, ammonia nitrogen, nitrate+nitrite nitrogen, phosphorus, and dissolved ortho

phosphorus), and total organic carbon. No samples are collected for fecal coliforms, color, and suspended
solids. !

in situ water column
Secchi depth measurements; surface

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

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

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



Reservoir

TABLE 2

1994 Vital Signs Monitoring Data (using average minimum winter pool elevations)

+———Water Column DO ———+

Less than

5.0 mg/l

Percent of
X —Section

(@15 meters) < 2.0 mg/l

RUN-OF-THE-RIVER RESERVOIRS

Kentucky -
Tailrace(TRM 22.3
Forebay(TRM 23.0
T—Zone(TRM 85.0)
Inflow(TRM 200-206)
Embay(BSRM 7.4)

Pickwick
Forebay(TRM 207.3
T—Zone(TRM 230.0)
Inflow(TRM 253-259)
Embay(BCM 8.4)

Wilson
Foreba M 260.8;
Inflow M 273-274)

lWhe:elv::r

Forebay(TRM 277.03
T-Zone(TRM 295.9)

Inflow(TRM 347-348)
Embay(ERM 6.0)

Guntersville
Forebay(TRM 350.0)
T-Zone(TRM 375.2)
Inflow(TRM 420-424)

Nickajack
Forebay(TRM 425.5%
Inflow(TRM 469—-470)

Chickamauga
Forebay(TRM 472.3)
T—Zone(TRM 490.5)
Inflow(TRM 518-529)
Embay(HRM 8.5)

Watts Bar
Forebay(TRM 531.0
T—Zone(TRM 560.8)
Inflow(TRM 600-601)
Inflow(CRNV ~ -22)

No
No
No
No
No

No
No
Yes
No

No
No

No
No
No
No

No
No
No

No
No

No
No
Yes
No

No
No
Yes
No

= =
o owl|

4.8

: e
oo Ll oo | ™| oo

|l o

3.7

ol o

4.7 =

Rating
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Dissolved Oxygen

+—————— Bottom DO— — — ———

Percent of

Bottom DO B-L @ MP

Omg/a1? < 2.0 mg/l

No 2.8

No 0

Yes 21.3

No 0

No 0

No 1.6

Yes 10.7

No 0

No 0

No 20.0

No 0

No 0

No 0

No 0

No 0

No 0

Yes 8.9

No 0

[ 1 waw

M~

i et e

i

Chlorophyll—a————+ l

*[Rating lowered to 1,

2 values above 30ug/1]



TABL (Cont'd) / 61' q

Nl T e e e e Dissolved Oxygen————~———— == —————— + +————- Chlorophyll—a————+
+ ~—~Water Column DO-——+ +—————— Bottom DO—————— +
Less than Percent of Percent of
: 50mg/l?  X-Section Bottom DO B-L @ MP

Reservoir (@15meters) < 2.0mgl Rating Ompga1? <20mg/l Average Maximum
RUN-OF—THE~-RIVER RESERVOIRS (continued)
FFort Loudoun

Forebay(TRM 605.53 No 0.6 5 No 7.6 10.8 16

T~Zone(TRM 624.6) No 0 5 No 0 10.3 16
Tellico Nutrient limited watershec

Forebay(L'TRM 1.0) No 25 5 No 9.2 5.0 8

T—Zone(L'TRM 15.0) No 0 5 No 0 3.8 6
Melton Hill

Forebay(CRM 24.0 No 0 5 No 0 78 13

T—Zone(CRM 45.0) No 0 5 No 0 4.2 9
TRIBUTARY RESERVOIRS
Norris

Forebay(CRM 80.0) No 203 1 No 42.0 2.3 5

CRM 125.0 No 27.0 1 Yes 63.8 27 6

PRM 30.0 No 21.4 1 Yes 54.1 33 7
Cherokee

Forebay(HRM 53.0) No 23.8 1 Yes 49.5 116 17

HRM 76.0 No 30.6 1 Yes 62.7 16.7 26
Douglas

Forebay(FBRM 33.0) Yes 48 26.8 1 Yes 61.3 7.6 18

FBRM 51.0 No 6.1 3 No 171.7 9.9 15
Ft. Patrick Henry

Forebay(SFHRM 8.7) No 0 5 No 0 15.9 25

Inflow(SFHRM 18.5) Yes 3.8 - 3 - = = =
Boone

Forebay(SIFHRM 19.0) No 32 5 No 4.5 8.7 11

SFHRM 27.0 No 16.5 1 No 128 . 16.7 29

WRM 6.5 No 0 3, No 0 133 24
South Holston

Forebay(SFHRM 51.0) No 9.8 3 No 325 2.9 5

SFHRM 62.5 No 232 1 Yes 61.7 7.3 12
Watauga I

Forebay gWRM 37.4) No 239 5 No 18.6 4.7 7

WRM 4 No 13.4 1 No 20.8 6.3 8




& &l
TABLE 2 (Cont'd) {0

o ————————— Dissolved Oxygen—~—————————— —— —— — + t=——— Chlorophyll—a————+
+——~=Water Column DO——-—4  4—-————— Bottom DO—————— +

Less than Percent of Percent of '

50mgl?  X-—Section Bottom DO B-L @ MP

Reservoir (@15meters) < 2.0mgl Rating 0 mg/1? <20mgl Rating Average Maximum Comments

TRIBUTARY RESERVOIRS (continued)

Fontana Nutrient limited watershed
l"orebay(],’TRM 62.0) No 1.0 o No 6.5 4 2.1 4
LTRM 81.5 No 0 5 No 0 5 3.6 7
TkRM 3.0 No 22 ) No 23.4 2 3.0 5

Blue Ridge Nutrient limited watershed
Forebay(ToRM 54.1) No 0.1 5 No 12 4 2.6 4

Hiwassee [Nutrient limited watershed
I"on.bay(;l 1iRM 77.0) No 8.9 3 Yes 46.8 1 6. 22
HIRM 8 No 1.0 5 No 15.1 3 5.0 9

Nottely [Nutrient limited watershed
Forebay(NRM 23.5) No 26.0 1 No 59.7 1 5.4 13
NRM 31.0 No 7.4 3 Yes 46.3 1 6.7 : 13

Chatuge [Nutrient limited watershed
Forebay(HiRM 122.0) No 3.8 5 No 9.9 4 4 3
Shooting Cr 1.5 No 2.9 5 No 15.2 3 2.4 4

Ocoee #1 o [Nutrient limited watershed
Forebay(ORM12.5) No 0 5 No 0 5 2.0

Tims Ford
Forebay(ERM 135.0) No 46.0 1 Yes 76.3 1 6.4 11
ERM 150.0 No 394 1 Yes 70.9 1 6.3 11

Normandy
Forebay(DRM 249.5) No 472 1 Yes 88.9 1 3.9 8

Bear Creek :

FForebay(BCM 75.0) No 283 1 Yes 66.4 1 121 24

Little Bear Creek l
Forebay(LBCM 12.5) No 42.1 1, Yes 83.1 1 6.9 14

Cedar Creek -

Forebay(25.2) Neo, . 33.0 1 Yes 78.6 1 37 7

Beech
Forebay(BRM 36.0) No 46.4 1 No 71.6 1 12.8 72

1328043~

{ 7= 5’—'7r)



TABLE 2 (Cont'd)

1994 — —River Performance Report — Quality of the Water Resource

Dissolved Oxygen Rating — The Dissolved Oxygen (DO) rating at each sampling location is based on both summer
water column and bottom water DO concentrations. (The summer time period is April through September for the
11 Run—of~the—River reservoirs, and May through Octcber for the 19 Tributary reservoirs.) The Final DO Rating
is the average of the the water column DO rating and the bottom DO rating:

Final DO Rating = 0.5 (Water Column DO rating + Bottom DO rating)
- — The Water Column DO rating is based on a six month summertime average of the

percent of the reservoir cross—sectional area (at the location where sampling is conducted)
that has a DO concentration less than 2.0 mg/l, as follow:

Average Cross—Seclional Area Sampling Location
(DO less than 2mg/L) Water Columin Raling . it
<5% (good) - 5 M% ~ D
5-10% (fair) — 3
>10% (poor) ~ 1 : -
+ In addition, if the DO is ever less than 5 mg/L.at the 1.5 meter depth, the location’s ' r 3

water column DO rating is decreased as follows:

et

Minimum DO at Sampling Location

1.5 meter depth DO Rating Change 3 7$‘ § 4 \
4-4.9 mg/L Lower 1 unit (e.g., 5 to4) : j &%W
3-3.9mg/L Lower 2 units (e.g., 510 3)
2-2.9 mg/L Lower 3 unils (e.g., 5 t02)

elc. elc. : ;? 44

3/_&2.1 2

i i . i ]
—— The Bottom DO rating is based on a six month summertime average of the percent of the

reservoir cross—sectional bottom length (at the location where sampling is conducted), that has /
a DO concentration less than 2.0 mg/L, as follows: —eaL Q‘D
/

Average Cross—Sectional Length Sampling Location l 7
(DO less than 2mg/L) Bottom Water Raling o
0% (good) = 5
0-10 % =1}
10-20 % (fair) = 3
20-30 % 2.
>30% (poor) — 1

+ The average percent X —sectional length is computed on the basis of the total X —sectional length
at average minimum winter pool elevation. In addition, if anoxic conditions (i.c., 0 mg/l DO)
are observed at the bottom, the bottom DO rating is decreased one unit, with a minimum rating of 1.

Chlorophyll—a Raling — The chlorophyll—a rating at each sampling location is based on the average summer
concentration, as shown below. (If triplicate samples are collected al 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 ug/l, the value is not included in the calculation of the summer average, however, the final
chlorophyll-a rating is decreased one unit, (i.. 5 tod, or4 to 3, etc.) for each sample that exceeds 30 ug/l.

Average Summer Average Summer
Chlorophyll—a Concentratior ~ Rating Chlorophyll—a Concentration Rating
<3ug/lL* , 7 (fair) — 3 (Nutrient Limited Watersheds)
3-10ug/ll - (good) — 5 <4 ug/l (good) — 5
10 = 15 ug/L (fair) — 3 4 -Tug/L (fair) — 3
> 15ug/L (poor) — 1 > 7 ug/L (poor) — 1

* If nutrients are present (e.g. total phosphorus greater than about 0.01 mg/L.and nitrate+ nitrite—nitrogen
greater than about 0.05 mg/L)but chlorophyll—a concentrations are generally low (e.g. < 3ug/L), other
limiting or inhibiting factors (¢.g., high streamlows, turbidity, toxicity, ete.) must be considered, When these
conditions exist, chlorophyll—a is rated 2 (poor).



Section 3.0. Sediment Quality

Philosophical Approach/Background

Contaminated bottom sediments can have direct adverse impacts on bottom fauna and can often
be long-term sources of toxic substances to the aquatic environment. They may impact wildlife and -
humans through the consumption of contaminated food or water or through direct contact. These impacts
may occur even though the water above the sediments meets water quality criteria. There are many
sediment assessment methods, but there is no single method that measures all contaminated sediment
impacts at all times and to all biological organisms (EPA, 1992). TVA's approacﬁ combines two sediment
assessment methods--one biological, the other chemical--to evaluate sediment quality.

A fundamental question concerning implications of sediment quality on overall reservoir
ecological health is essentially a classification issue -- should reservoir ecological health evaluations 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
environmental and operational characteristics of the dam/reservoir; for example, high concentrations of
reduced metals are acceptable in tributary reservoirs due to anoxic conditions resulting from long
retention times and thermal stratification. The approach taken for these studies accepts only ideal
conditions. That is, metal concentrations should not be elevated, pesticides should not be present, and
there should be no toxicity. In this situation, there is no need for classification because the same

conditions are desired for all reservoirs.

Sediment Collection and Toxicity Testine Methods

Annual sediment samples and near-bottom water samples were collected during the summer of
1994 from 57 locations, i.e., the forebays and transition zones (or mid-reservoir) of the 11 mainstream
reservoirs and 19 tributary reservoirs as shown in Table |. In addition, ten of the 57 locations were
randomly selected for replicate QA/QC sampling. Sampling efforts were repeated at each of the ten sites.
Replicate samples were handled and processed independently. Results from these ten sets of replicates
were used to assess field methods consistency, variations in laboratory toxicity and physical/chemical
analyses, and spatial homogeneity of the sediment. Eckman dredge samplers were used to collect the top
three centimeters of sediment and Kemmerer or Isco water samplers were used to collect the near-bottom

water. Each sediment sample was a composite of at least three subsamples independently collected at each



sampling location from the original stream channel bed. At each sampling site, the subsamples were
composited, thoroughly mixed to uniform color and consistency, and split into two fractions: one fraction
for acute toxicity testing, and one fraction for physical/chemical analyses. Samples were placed on ice
immediately after collection, compositing, and splitting, and were shipped or carried to the appropriate
laboratory. One split from each sampling location and the sample of near-bottom water were shipped to
the Toxicity Testing Laboratory (TTL) for toxicity testing; the other split at each sampling location was
shipped or carried to the Environmental Chemistry Laboratory (ECHE) for chemical and physical analyses.

Acute Toxicity Testing--Within 36 hours of collection, all sediment samples were
screened for toxicity using Rotox® (rotifer, Brachionus calvciflorus survival) and

daphnid (Ceriodaphnia dubia) acute tests. Organisms were exposed to undiluted

interstitial (pore) water from the sediment and near bottom water. Interstitial water
was obtained by refrigerated centrifugation of sediment. Control water consisted of
Moderately Hard Reconstituted Water, MHRW (TVA, 1992), (hardness of 80-100
mg/L as CaCOs) enriched with 10 percent Tennessee River water from TTL's
experimental channels for the daphnid test and MHRW adjusted to pH=7.5 using HCI
for the rotifer test. All samples were aerated to bring dissolved oxygen levels to near
saturation (8.4 mg/L at 25°C) before testing. Water chemistry (temperature, DO, pH,
conductivity, alkalinity, and hardness) was measured for all samples and controls.
After centrifugation of the sediment, pore water samples were collected and preserved
and sent to the Environmental Chemistry Laboratory for un-ionized ammonia analysis.
Four replicates of five individuals each were used in both tests. Rotifer (24-hr) and
daphnid (48-hr) acute toxicity was reported if average survival in the four replicates
was significantly reduced (95 percent probability) from the control.
Physical/Chemical Characteristics--Splits of the same sediment samples used in
the toxicity testing were analyzed for 13 metals, un-ionized ammonia (in pore water),
total and volatile solids, particle size, and 26 selected trace organics (organochlorine

pesticides and PCBs, Table 2).

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

the physical/chemical analytical results are given in TVA technical report (Moses, Simbeck, and Wade,
1995).



Sediment Rating Scheme

TVA's scoring criterion is based on ratings for the toxicity of sediment pore water (Stox) to test
organisms, and the chemical analysis of sediment (Scyp) for heavy metals, PCBs, organochlorine
pesticides, and un-ionized ammonia. The final sediment quality score or rating is the average of these two

ratings:

Sediment Quality Rating = 0.5 (Stox rating + Scgy rating), where:

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

Rotox® (rotifer Brachionus calvciflorus survival) and daphnid (Ceriodaphnia dubia)
acute tests. The acute toxicity evaluations entail the exposure of these organisms
(zooplankton) to interstitial pore water from sediment. The survival rates of the
organisms are based on the average survival in four replicates of five individuals
each, compared to a control. If average survival is significantly reduced (95 percent
probability) from the control, the sample is considered to be toxic. Sampling locations

are rated as follows:

Sampling Location Percent Survival of
Stox Rating Ceriodaphnia and/or Branchionus
5 (good) Survival not significantly different than

control and greater than or equal to 80
percent for both species, (i.e., no significant
toxicity);

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

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

Scruy (Sediment Chemistry) Rating--Splits of the same sediment used in the

sediment toxicity testing are analyzed for heavy metals, organochlorine pesticides and
PCBs, and un-ionized ammonia. Sediment chemistry ratings are based on:

(a) concentrations of heavy metals (As, Cd, Cr, Cu, Pb, Hg, Ni, and Zn) that exceed
freshwater sediment guidelines (Table 2); (b) detectable amounts of PCBs or pesticides;
and (c) concentrations of un-ionized ammonia in pore water above 200 ug NHy/L.

Each sampling location is rated as follows:



Sampling Location

Scrnv Rating Sediment Chemistry*

5 (good) . No analytes exceed guidelines;

3 (fair) One or two analytes exceed guidelines;
1 (poor) Three or more exceed guidelines.

* Analytes (i.c., heavy metals, pesticides, PCBs and ammonia) and guidelines are listed in Table 2.

Results from 1994 Monitoring

Table 3 provides sediment chemistry rating, sediment toxicity rating, and Final Sediment

Quality Rating for each location examined in 1994. Table 4 summarizes sediment toxicity data

which resulted in the sediment toxicity rating for each location. Table 5 sediment chemistry data

which resulted in the sediment chemistry rating for each location.
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Kentucky

Pickwick

Wilson

Wheeler

Guntersville

Nickajack

Chickamuaga

RESERVOIR VITAL SIGNS MONITORING ACTIVITIES,

Sampling

Locations"
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Description’

FB
T2
T
E

FB
TZ
I
E

FB
T

FB
TZ
E
E

FB
TZ
I

FB
I

FB
TZ
I
E

TABLE 1

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

1994
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TABLE 1 (Cont'd)

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

Reservoir Vital Signs Monitoring Tools

sampling Sediment Quality? Benthic Fish Community'

Reservoir Locations® Description’ Water Quality’ Toxicity Phy/Chem  Invertebrates® Diversity/RFAI
Watts Bar TRM 531.0 FB M A A A A
TRM 560.8 TZ M A A A A
TRM 600~-601 i - = b A A
GRM d:9=22 14 > = o A A
Fort Loudoun TRM 605.5 FB M A A A A
TRM 624.6 TZ M A A A A
TRM 652 I = = - A A
Tellico LTRM 1.0 FB M A A A A
LTRM 15.0 T4 M A A A A
Melton Hill CRM 24.0 FB M A A A A
CRM 45.0 TZ M A A A A
CRM 59-66 i - - e A A
Totals 24 24 24 LH3) 39



Reservoir

Norris

Cherokee

Douglas

Ft.Pat Henry

Boone

South Holston

Watauga

Fontana

RESERVOIR VITAL SIGNS MONITORING ACTIVITIES,

Sampling
Locations"

CRM 80.0
CRM 125.0
PRM 30.0

HRM 53.0
HRM 76.0
HRM 91

FBRM 33.0
FBRM 51.0
FBRM 61

SFHR 8.7

SFHR 15.0
SFHR 27.0
WRM 6.5

SFHR 51.0
SFHR 62.5

WRM 37.4
WRM 45.5

LTRM 62.0
LTRM 81.5
TkRM 3.0

Tributary Storage Reservoirs
--Limited Monitoring Strategy--

Description®

FB
MR
MR

FB
MR
I

FB
MR
I

FB

FB
MR

MR

FB
MR/ I

FB.
MR

FB
MR
MR

TABLE 1 (Cont'd)

1994

Reservoir Vital Signs Monitoring Tools

Sediment Quality’ Benthic Fish Community'
Water Quality® Toxicity Phy/Chem Invertebrates® Diversity/RFAI
M A A A A
M A A A A
M A A A A
M A A A A
M A A = A
M A A A A
M A A A A
M A A A A
M A A A A
M A A A A
M A A A A
M A A A A
M A A A A
M A A A A
M A A A A
M A A - A
M A A A A
M A A A A



TABLE 1 (Cont'd)

Tributary Storage Reservoirs

--Limited Monitoring Strategy (continued)--

Reservoir Vital Signs Monitoring Tools

sampling Sediment Quality’ Benthic Fish Community'

Reservoir Locations" Description® Water Quality’ Toxicity Phy/Chem  Invertebrates® Diversity/RFAl
Hiwassee HiRM 77.0 FB M A A A A
HiRM 85.0 MR M A A A A
HiRM 90 615 = - - A =
Chatuge HiRM 122.0 FB M A A A A
Shieotihg Cr 1.5 FB M A A A A
Nottely NRM 23.5 FB M A A A A
NRM 31.0 MR M A A A A
Blue Ridge TeoRM 54.1 FB M A A A A
Ocoee No.1l ORMA 1285 FB M A A A A
Tims Ford ERM 135.0 FB M A A A A
ERM 150.0 MR M A A A A
Bear Creek BCM 75.0 FB M A A A A
L. Bear Creek LBCM 12.5 FB M A A A A
Cedar Creek GEM 25.2 FB M A A A A
Normandy DRM 249.5 ‘FB M A A A A
Beech BRM 36.0 FB M A A A A
Totals 33 33 33 32 33



TABLE 1 (Cont'd)

Footnotes

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

b. FB - forebay; TZ -~ transition zone; MR - mid-reservoir; I - Inflow; and E - embayment. MR/I - Sampling

C.

location was referred to as an inflow location in the fish community evaluation (sampling done in autumn
at lower reservoir water level elevations); and, as a mid-reservoir location in the evaluation of the water
quality data (sampling done in summer at higher water level elevations).

--Basic Monitoring Strategy--

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

—=Limited Monitoring Strategy--

M - monthly water quality surveys (April through October). The surveys include: in situ water column
measurements of temperature, dissolved oxygen, pH, and conductivity; Secchi depth measurements; and, photic
zone cholrophyll-a samples. Twice a year (April and August) surface water samples are collected for

nutrients (organic nitrogen, ammonia nitrogen, nitrate+nitrite nitrogen, phosphorus, and dissolved ortho

phosphorus), and total organic carbon. No samples are collected for fecal coliforms, color, and suspended
solids.

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

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

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



Table 2
Vital Signs Monitoring

PEYSICAL/CEEMICAL MEASUREMENTS - SEDIMENT

Detection Sediment
Description, units Limits Quality
(dry weight) Guidelines®
Metals and Ammonia
Aluminum, mg/g 1 mg/g =
Arsenic, mg/kg 1 mg/kg 8 mg/kg"
Cadmium, mg/kg 0.5 mg/kg 6 mg/kg®
Calcium, mg/g 0.5 mg/g e
Chromium, mg/kg ; 10 mg/kg 75 mg/kg"
Copper, mg/kg 2 mg/kg 50 mg/kg®
Irpn, mg/g 1 mg/g ===
Lead, mg/kg 5 mg/kg 60 mg/kg®
Magnesium, mg/g 0.5 mg/g e
Manganese, mg/g 0.1 mg/g -—
Mercury, mg/kg 0.1 mg/kg 1 mg/kg"
Nickel, mg/kg 5 mg/kg 50 mg/kg"
Zinc, mg/kg 10 mg/kg 300 mg/kg
Un-ionized Ammonia (inpore water), pg NH,/1 10 pg/l 200 pg/l
Solids
Total solids, % 0.1% e
Total volatile solids, % 0.1% -
Particle size, <0.062 mm diameter, % 0.1% -
Particle size, <0.125 mm diameter, % 0.1% -
Particle size, <0.50 mm diameter, % 0.1% =
Particle size, <2.0 mm diameter, % 0.1% e

Organochlorine Pesticides and PCB’s

Aldrin, wg/kg 10 wpg/kg 10 ug/kg
a-Benzene Hexachloride (BHC), pa/kg 10 pg/kg 10 pg/kg
B-Benzene Hexachloride (BHC), ug/kg 10 pg/kg 10 pg/kg
Y-Benzene Hexachloride (Lindane), pg/kg 10 pg/kg 10 pg/kg
§-Benzene Hexachloride (BHC), pg/kg 10 pg/kg 10 pg/kg
Chlordane, pg/kg 10 pg/kg 10 ug/kg
Dieldrin, wpg/kg 10 pg/kg 10 upg/kg
p.p DDT, wpg/kg 10 ug/kg 10 ug/kg
p.p DDD, pg/kg 10 pg/kg 10 ug/kg
p.p DDE, pg/kg 10 pg/kg 10 ug/kg




Table 2.3 (continued)

PHYSICAL/CHEMICAL MEASUREMENTS - SEDIMENT

Detection Sediment
Description, units Limits Quality
(dry weight) Guidelines®
Organochlorine Pesticides and PCB’s (continued)
a—Endosulfan, pg/kg 10 ug/kg 10 pg/kg
B-Endosulfan, ug/kg 10 pg/kg 10 pg/kg
Endosulfan Sulfate, ug/kg 10 pg/kg 10 pg/kg
Endrin, pg/kg 10 ug/kg 10 ug/kg
Endrin ARldehyde, ug/kg 10 pg/kg 10 pg/kg
Heptachlor, ug/kg 10 upg/kg 10 pg/kg
Heptachlor Epoxide, ug/kg 10 pg/kg 10 pg/kg
Methoxychlor, pg/kg 10 pg/kg 10 ug/kg
PCB-1221, ug/kg 100 pg/kg 100 upg/kg
PCB-1232, ug/kg 100 ug/kg 100 ug/kg
PCB-1242, ug/kg 100 pg/kg 100 upg/kg
PCB-1248, ug/kg 100 ug/kg 100 ug/kg
PCB-1254, pg/kg 100 ug/kg 100 pg/kg
PCB-1260, pg/kg 100 pg/kg 100 ug/kg
PCB-1016, ug/kg 100" ug/kg 100 ug/kg
PCBs, Total, ug/kg 100 ug/kg 100 pg/kg
Toxaphene, ug/kg 500 ug/kg 500 pg/kg

® Unless otherwise noted, guidelines are suggested TVA Sediment Quality Guidelines.

Y EPA Region V Guidelines for polluted freshwater sediment (EPA, 1977).




TABLE 3

SEDIMENT RATINGS
1994 RESERVOIR VITAL SIGNS DATA
Chemistry
5 — no analytes SEDIMENT QUALITY =
3 — 1 or 2 analytes 0.5(CHEMISTRY + TOXICITY)
1 — 3 or more analytes
SEDIMENT
Toxicity CHEMISTRY TOXICITY QUALITY
5 - no toxicity R R R
3 — some toxicity A A A
1 — significant toxicity E L i
I I I
N N N
Collection Date G G G
Reservoir Mile Comment yy mm dd
Kentucky TRM23.0 Dup-1 94 7 25 5 5 1 3 4.0
Dup-2 94 7 25 5 s
Kentucky TRM 85.0 94%7 25 5 5 5.0
Kentucky BSRM 7.4 94°7 25 5 1 3.0
Pickwick TRM 207.3 94 8 3 5 5 5.0
Pickwick TRM 2300 Dup~-1 94 8 3 5 5 s 5 5.0
Dup-2 94 8 3 5 ]
Pickwick BCM 8.4 94 8 3 5 ) 5.0
Wilson TRM 260.8 94 7 25 5 1 3.0
Wheeler TRM277.0 Dup-1 94 6 27 5 5 3 2 85
Dup-2 94 6 27 5 1
Wheeler TRM 2959 Dup-1 94 6 27 3 3 5 5 4.0
Dup-2 94 6 27 3 5
Wheeler ERM 6.0 94 7 26 5 5
Guntersville ~ TRM 350.0 94 8 29 3 5 4.0
Guntersville ~ TRM 3752 94 8 29 5 ) 5.0
Nickajack TRM 425.5 94 6 7 5 5 50
Chickamauga TRM4723 Dup-1 94 5 25 3 2 5 5 35
Dup—23 94 5 25 1 s
Chickamauga TRM 490.5 04§ 08 5 5 5.0
Chickamauga HiRM 8.5 94, 5 25 5 5 5.0
Watts Bar TRM 531.0 94 6 1 3 3 4.0
Watts Bar TRM 5608 Dup—-1 94 6 1 3 3 5 5 40
Dup-2 94 o6 T 3 5
Fort Loudoun TRM 605.5 94 6 20 3 5 4.0
Fort Loudoun TRM624.6 Dup—1 94 6 20 3 3 5 5] 4.0
Dup-2 94 6 20 3 5
Tellico LTRM 1.0 94 7 13 5 1 3.0
Tellico LTRM 150 Dup-1 94 7 13 5 5 5 3 4.0
Dup~2. 94 7 13 5 1
Melton HillLT CRM240 Dup-1 94 8 29 5 5 5 5 50
Dup-2 94 8 29 5 5
MelionHill  CRM45.0 94 8 29 3 5 4.0
Norris CRM 80.0 94 6 6 3 5 4.0
Norris CRM 125.0 94 6 7 5 5 510
Norris PRM 30.0 o4 6 7 3 5 4.0
Douglas FBRM 33.0 94 6 21 5 5 5.0
Douglas FBRM 51.0 94 6 21 3 1 20



TABLE 3 (Cont'd)

SEDIMENT RATINGS
1994 RESERVOIR VITAL SIGNS DATA
Chemistry
5 — no analytes SEDIMENT QUALITY =
3 — 1 or 2 analytes 0.5(CHEMISTRY + TOXICITY)
1 — 3 or more analytes
SEDIMENT
Toxicity CHEMISTRY TOXICITY QUALITY
5 — no toxicity R R R
3 — some toxicity A A A
1 — significant toxicity T T P
I I I
N N N
Collection Date G G G
N N N
Collection Date G G G
Reservoir Mile Comment yy mm dd
Cherokee HRM 530 Dup-1 94 7 18 5 5 5 5 5.0
Dup-2 94 7 18 5 5
Cherokee HRM 76.0 94 7 18 3 5 4.0
FtPatHenry SFHRM 8.7 94 6 22 3 5 4.0
Boone SFHRM 19.0 94 6 22 3 3 3.0
Boone SFHRM 27.0 94 6 22 3 5 40
Boone WRM 6.5 94 6 22 1 > 3.0
South Holston SFHRM 51.0 9 7 .12 5 5 5.0
South Holston SFHRM 62.5 94 ¢7 12 5 5 5.0
Watauga WRM 37.4 94 8 22 5 1 3.0
Watauga WRM 45.5 94 18 22 3 5 40
Fontana LTRM 62.0 94 8 22 3 1 2.0
Fontana LTRM 81.5 94 8§ 22 3 1 2.0
Fontana TKRM 3.0 94 § 22 3 1 2.0
Hiwassee HiRM 77.0 94 7 12 5 5 5.0
Hiwassee HiRM 85.0 94 7 12 5 5 5.0
Chatuge HiRM 122.0 94 5 24 3 5 4.0
Chatuge SCM 1.5 94 5 24 3 3 4.0
Nottely NRM 23.5 94 8 17 5 3 40
Nottely NRM 31.0 94 8 17 5 1 3.0
Ocoee #1 ORM 12.5 94 6 6 1 1 1.0
Blue Ridge  ToRM 54.1 94 6 20 5 5 5.0
';‘u;s_ F_o:d_ = —EwR—hr{ 135.0 94 8 2 3 1 2.0
Tims Ford  ERM 150.0 94 8 23 35 5 A
Normandy DRM 249.5 94 8 23 3 5 50
Bear Creek BCM 75.0 94 8§ 17 3 1 3.0
L. Bear Creek LBCM 12.5 94 8 17 5 1 3.0
Cedar Creek CCM25.2 04 8 17 5 5 5.0
Beech BRM 36.0 94 5 31 5 5 5.0

(sedrat9dwkl —1/1%95)



1994 SEDIMENT QUALITY RATINGS/EVALUSTIONS

Sediment Quality - Ratings for reservoir sediment quality were based both on
biological toxicity testing (Srox) and chemical analysis of sediment for heavy
metals, organochlorine pesticides and PCBs, and un-ionized ammonia (ScpM)-

The final sediment quality rating at each sampling location was the average of
these two ratings, as follows:

Sediment Quality Rating = 0.5 (Srgox rating + ScmpM rating

* Sediment Toxicity (Stpoyx) Rating —-- Reservoir sediment toxicity was
evaluated with both Ceriodaphnia dubia and Branchionus calyciflorus by
examining these organisms survival rates (compared to a control) when
exposed to sediment interstitial pore water. Each sampling location was
rated as follows:

Sampling Location Percent Survival of
Stox _Rating Ceriodaphnia and/or Branchionus

5 (good) -- Survival of both organisms not significantly different
than control and greater than or equal to 80% for both
species *(i.e. no significant toxicity).

3 (fair) -- Survival of both organism not significantly different
from control, but less than 80% survival for either
species; or

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

* Sediment Chemistry (Scgym) Rating —-- Splits of the same sediment used
in the sediment toxicity testing were analyzed for heavy metals,
organochlorine pesticides and PCBs, and un-ionized ammonia. Sediment
chemistry ratings were based on: (a.) concentrations of heavy metals
(As, Cd, Cr, Cu, Pb, Hg, Ni, and Zn) that exceed freshwater sediment
guidelines; (b.) detectable amounts of pesticides or PCBs; and (c.)
concentrations of un-ionized ammonia in pore water above 200 ug NH3/L.
Each sampling location was rated as follows:

Sampling Location

Scum Rating Sediment Chemistry*
5 (good) "No analytes exceeding guidelines;
3 {(Fair) One or two analytes exceeding guidelines;
1 (poor) Three or more exceeding guidelines.

* RAnalytes (i.e. heavy metals, pesticides, PCBs and ammonia)
and guidelines are listed in table 1.

(sedrat94.doc-1/19/95)



TABLE 4

RiverPulse Ratings, Sediment Toxicity
Reservoir Vital Signs Monitoring, Summer 1994

Zone

Reservoir River Mile Rating Reason Final Rating
BASIC
Kentucky TRM 23.0 (A) FB 1 Toxicity to dapnids 3
TRM 23.0 (B) FB 5 No toxicity
TRM 85.0 j i 5 No toxicity 5
BSRM 7.4 EMB 1 Toxicity to dapnids 1
Pickwick TRM 207.3 FB 8 No toxicity 5
TRM 230.0 (A) FB 5 No toxicity B
TRM 230.0 (B) TZ 5 No toxicity
BCM 8.4 EMB ) No toxicity 5
Wilson TRM 260.8 FB 1 Toxicity to both species 1
Wheeler TRM 277.0 (A) FB 3 Rotifer survival 60% 2
TRM 277.0 (B) FB 1 Toxicity to both species
TRM 285.9 (A) TZ g No toxicity 5
TRM 2985.9 (B) TZ 5 No toxicity
EIRM 6.0 EMB 5 No toxicity 5
Guntersville TRM 350.0 FB 5 No toxicity 5
TRM 375.2 TZ 5 No toxicity 5
Nickajack TRM 425.5 FB 5 No toxicity 5
Chickamauga TRM 472.3 (A) FB 5 No toxicity 5
TRM 472.3 (B) FB 5 No toxicity
TRM 480.5 TZ 3 No toxicity 5
HiRM 8.5 EMB 5 No toxicity 5
Watts Bar TRM 531.0 FB 5 No toxicity 5
TRM 560.8 (A) TZ 8 No toxicity 5
TRM 560.8 (B) TZ 5 No toxicity

Page 1 of 4



RiverPulse Ratings, Sediment Toxicity
Reservoir Vital Signs Monitoring, Summer 1994

TABLE 4 (Cont'd)

Reservoir River Mile Zone Rating Reason Final Rating
Ft. Loudoun TRM 6055 @ FB 5 No toxicity 5
TRM 624.6 (A) TZ 5 No toxicity 5
TRM 6246 (B) TZ 5 No toxicity
Melton Hill CRM 240 (A) FB 5 No toxicity 5
CRM 24.0 (B) FB 5 No toxicity
CRM 45.0 TZ 5 No toxicity 5
Tellico LTRM 1.0 FB 1 Toxicity to both species i
LTRM 15.0 (A) TZ 5 No toxicity 3
LTRM 15.0 (B) TZ 1 Toxicity to daphnids
TRIBUTARY
Norris CRM 80.0 FB 5 No toxicity 5
CRM 125.0 TZ 5 No toxicity 5
PRM 30.0 TZ 5 No toxicity 5
Cherokee HoRM 53.0 (A) FB 5 No toxicity 5
HoRM 53.0 (B) FB 5 No toxicity
HoRM 76.0 TZ 5 No toxicity 5
Douglas FBRM 33.0 FB 5 No toxicity 5
FBRM 51.0 TZ 1 Toxcity to rotifers i
Fort Pat Henry SFHRM 87  FB 5 No toxicity 5
Boone SFHRM 1.0 FB 3 Rotifer survival 75% 3
SFHRM 27.0 TZ 5 No toxicity 5
WRM 6.5 b 5 No toxicity 6
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TABLE 4 (Cont'd)

RiverPulse Ratings, Sediment Toxicity
Reservoir Vital Signs Monitoring, Summer 1994

Reservoir River Mile Zone Rating Reason Final Rating
S. Holston SFHRM 51.0 FB 5 No toxicity 5
SFHRM 625 TZ 5 No toxicity 5
Watauga WRM 37 .4 FB 1 Toxicity to both species 1
WRM 45.5 FB 5 No toxicity 3
Fontana LTRM 62.0 FB 1 Toxicity to both species 1
LTRM 81.5 T£ 1 Toxicity to daphnids 1
TkRM 3.0 g 1 Toxicity to daphnids 1
Hiwassee HiRM 77.0 FB 5 No toxicity H
HiRM 85.0 1 5 No toxicity 5
Chatuge HIRM 122.0 FB 5 No toxicity 5
SCM 1.5 FB 5 No toxicity 5
Nottely NoRM 23.5 FB 3 Daphnid survival 60% 3
NoRM 31.0 Tz 1 Toxicity to rotifers 1
Ocoee No. 1 ORM 12.5 FB 1 Toxicity to dapnids 1
Blue Ridge ToRM 54.1 FB 5 No toxicity B
Tims Ford EIRM 135.0 FB 1 Toxicity to both species 1
EIRM 150.0 TZ 5 No toxicity 5
Bear Creek  BCM 75.0 FB 1 Toxicity to both species 1
Cedar Creek CCM 25.2 FB 5 No toxicity 5
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TABLE 4 (Cont'd)

RiverPulse Ratings, Sediment Toxicity
Reservoir Vital Signs Monitoring, Summer 1994

Reservoir River Mile Zone Rating Reason Final Rating
L. Bear Creek LBCM 12.5 FB 1 Toxicity to daphnids 1
Beech BRM 36.0 FB B No toxicity 5
Normandy DRM 248.5 FB 5 No toxicity 5

Good = 5 (No toxicity to either species, survival for both species > 80%)
Fair = 3 (No toxicity to either species, however survival of at least one species < 80%)
Poor = 1 (Toxicity to at least one species)
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‘Watts Bar
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Fort Loudoun

Tellico
Tellico
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Dup-2
Precision
TRM 85.0
BSRM 7.4
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Precision
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CRM 240 Dup-1
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Precision
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FBRM 51.0

HRM 53.0 Dup-1
Dup-2
HRM 76.0

Collection Date
Mile Comment yy mm
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TABLE 5

SEDIMENT CHEMISTRY

1994 RESERVOIR VITAL SIGNS DATA
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Metals, mg/kg (dry weight)
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Reservoir Mile Comment
FtPat Henry SFHRM 8.7

Boone SFHRM 19.0

Boone SFHRM 27.0

Boone WRM 6.5

South Holston SFHRM 51.0
South Holston SFHRM 62.5

Precision
Watauga WRM 37.4
Watauga WRM 45.5
Fontana LTRM 62.0
Fontana LTRM 815
Fontana TkRM 3.0
Hiwassee HiRM 77.0
Hiwassee HiRM 85.0
Chatuge HiRM 122.0
Chatuge SCM 1.5
Nottely NRM 23.5
Nottely NRM 31.0
Ocoee #1 ORM 125
Blue Ridge ToRM 54.1
Tims Ford ERM 135.0
Precision
Tims Ford ERM 150.0
Normandy DRM 2495
Bear Creek BCM 75.0

Collection Date
yy mm

94
94
94
94
94
94
94

94
94

94
94
94

94
94

94
94

94
94

94
94
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SEDIMENT CHEMISTRY

1994 RESERVOIR VITAL SIGNS DATA
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Section 4. Benthic Macroinvertebrate Community

Philosophical Approach/Background

Benthic macroinvertebrates are usually included in aquatic monitoring programs because they
are important to the aquatic foodweb and because they have limited capability of movement thereby
preventing them from avoiding undesirable conditions. The macroinvertebrate community in a
reservoir is expected to be vastly different from that in the river in the preimpoundment state. Also,

. substantial differences are expected along a longitudinal gradient with a more riverine éommunity
expected at the upper end or inflow of a reservoir and a more lake like community expected in the pool
near the dam. Other factors to consider in evaluating this community 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.

All these factors, plus the fact that a reservoir is an artificial system, must be considered in
selecting community characteristics or expectations that will be used to represent good, fair, and poor
conditions. Given that reservoirs are artificial systems, it not possible to use the well accepted Index
of Biotic Integrity (IBI) approach of using references site to determine characteristics or expectations of
a reservoir unaffected by human impacts. Other approaches must be used such as: historical or
preimpoundment conditions, predictive models, best observed conditions, or professional judgment.
As stated above, preimpoundment conditions are inappropriate due to significant habitat alterations.
The state of the science of benthic macroinvertebrate communities in reservoirs simply is insufficient
for predictive models to be effective. This leaves the latter two as the most viable alternatives for
establishing appropriate reference conditions or expectations for this community in reservoirs. TVA’s
experience has found use of best observed conditions adjusted using professional judgment is the best
approach.. Use of best observed conditions requires an extensive database to determine metric
expectations, and use of professional judgment to adjust scoring ranges requires substantial experience
with the group of reservoirs under consideration. To use this concept results in the data base which
approach desired conditions for a given community characteristic are considered representative of best
observed condition. Monitoring results falling within that range would be considered “good”. Details
of this approach to developing reference conditions are provided latter 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 reservoirs for



which similar communities would be expected should be compared--those in the same ecoregion with
comparable physical characteristics. Hence, separation of reservoirs into appropriate classes is a
critical step.

TVA’s monitoring program includes 30 reservoirs. For classification purposes 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.

Run-of-the-River Tributary Reservoirs:
Reservoirs Ridge and Valley Ecoregion
Kentucky Cherokee
Pickwick Fort Patrick Henry*
Wilson Boone
Wheeler South Holston
Guntersville Norris
Nickajack Douglas
Chickamauga Tims Ford**
Watts Bar '

Melton Hill

Tellico Tributary Reservoirs:

Fort Loudon Blue Ridge Ecoregion
Fontana

Tributary Reservoirs: Hiwassee

Interior Plateau Ecoregion Chatuge
Bear Creek Nottely
Cedar Creek Parksville***
Little Bear Blue Ridge
Normandy Watauga
Beech

* Fort Patrick Henry Reservoir was included in this class because it is in the Ridge and Valley Ecoregion, but results were
excluded in developing scoring ranges for this class because the shallow drawdown and short retention are uncharacteristic of
the other reservoirs in this class.

** 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 for Parksville Reservoir were excluded from developing reference conditions because of known poor sediments
conditions (very high metal concentrations), which would be expected to cause a degraded benthic macroinvertebrate
community.

Once reservoirs have been appropriately classified, scoring criteria (i.e., those values for each
metric which will be considered good, fair, or poor) must be developed. When using best observed
conditions, a database must exist and decisions made as to how best separate data for each metric into

the three scoring ranges of good, fair, and poor. The approach taken by TVA is, for each metric, first



omit outliners (defined as more than three standard deviations from the mean), then trisect the range of
the remaining values. Cutoff points are examined closely and adjusted if appropriate based on
professional judgment. 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 Community Scoring Scheme below.

Sample Collection Methods

Benthic macroinvertebrate community samples were collected in the spring (March and April)
of 1994 at 69 locations on 30 TVA reservoirs (Table 1). At each sample location, a line-of-sight
transect was established across 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 from the permanently wetted bottom portion
of the reservoir (i.e., below the elevation of the minimum winter pool level). Samples were washed in
the field, transferred to a labeled collection jar, and fixed with 10 percent buffered formalin solution.
Samples were sent to the laboratory where they were sorted, counted, and identified to the lowest
practical taxon, typically genus or species, and reported as number per square meter. Benthic
macroinvertebrate data are available in computer-readable form from TVA upon request

To assess the reproducibility of benthic macroinvertebrate sampling results, replicate samples
were collected at 13 of the 69 sampling locations in 1994, with all types of reservoir locations (i.e.,
forebay, transition zone, embayment, and inflow) included. At each of the replicate sampling
locations, the sampling protocol involved collection of a first set of 10 samples, leaving the sampling
location, and then returning as near as possible to the original transect site (on the same day) and
repeating the collection of a second (replicate) set of 10 samples. The results from sets of replicate
samples were then evaluated for reproducibility.

Note: Beginning in 1995, benthic macroinvertebrate sampling will be conducted in late
fall/early winter rather than late winter/early spring as in 1990 -1994. The problem with late
winter/early spring time frame is that results are reflective of conditions the previous year. This has
the undesirable effect of causing results for benthic macroinvertebrates to be out of synch with the rest
of the monitoring data. This period was initially selected because late fall/early winter was thought
unfeasible because the required reporting date of mid-January would not allow 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/early winter collection and use of field identification to the family and order levels
would negate problems resulting from early spring sampling and would not impact the contribution of

this important community to the overall evaluation. Appendix A documents the basis of this change.

Benthic Community Rating Scheme

Eight community characteristics (or metrics), were selected to evaluate the benthic community.

1. Taxa richness—The average.total number of taxa per sample at each site. An increase
taxa richness indicates better conditions than low taxa richness.

2. EPT—The average total number of Ephemeroptera, Plecoptera, and Trichoptera per sample at
each site. Higher diversity of these taxa indicate good water quality and other habitat
conditions in streams. A similar use is incorporated here despite expected lower numbers in
reservoirs than in streams.

3. Long-lived species—The percent of samples with at least one long-lived organism

(Corbicula, Hexagenia, mussels, and snails) present. The presence of long-lived taxa is

indicative of conditions which allow long-term survival.

4. Proportion as Chironomidae—The average proportion of chironomids in each sample at each
site. A higher proportion indicates poor water quality.

5. Proportion as Tubificidae—The average proportion of tubificids in each sample at each site.

A higher proportion indicates poor water quality.

6. Proportion as dominant taxa—The average proportion of the two dominant families in each
sample even if the dominant taxon differed among the samples at a site. This allows more

discretion to identify imbalances at a site than developing an average for a single dominant
taxon for all samples a site. This metric is used as an evenness indicator. Dominance of one or
two families indicates poor conditions.

7. Total abundance excluding Chironomidae and Tubificidae—The average number of
organisms excluding chironomids and tubificids per sample at each site. This metric examines
the community excluding families which often dominate under adverse conditions. A higher
abundance of non-chironomids and tubificids indicates good water quality conditions.

8. Percentage of samples with no organisms present—Percentage of samples with no organisms
present. “Zero-samples” indicate living conditions unsuitable to support aquatic life (i.e.
toxicity, unsuitable substrate, etc.). Any site having one or more empty samples was assigned

a score of one. Sites with no empty samples were assigned a score of five.



Scoring Criteria for each of the eight metrics were developed using the five years of Vital

Signs monitoring data (1990 - 1994). Scoring ranges were developed as follows:

e Individual criteria were developed for each type of sampling location (forebay, transition
zone/mid-reservoir, embayment and inflow) for each of the four classes of reservoirs.

e Results from the 10 samples along a transect for each sample year were combined
(averaged for most metrics) and outliers deleted.

e The range of average values was 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 the third representing undesirable conditions was assigned a 1 (poor).

Professional judgment along with supplementary statistical analyses were used to adjust the
cutoffs for each range as appropriate. Scoring Criteria resulting from these efforts are detailed for
each metric in Table 2. Separate tables are provided for each class of reservoir.

Sample results at each site were compared with these criteria for each metric and assigned the
rating described above--5 (good) 3 (fair), 1(poor) if they fell within the top, middle, or bottom group,
respectively. Numerical ratings for the eight metric were then summed. This resulted in a minimum
score of 8 if all metrics at a site were poor, and a maximum score of 40 if all metrics were good.

The resulting score has two uses. One is to evaluate the condition of the benthic
macroinvertebrate itself. The other is to help establish the overall ecological health of a reservoir. In
the latter case, the benthic macroinvertebrate community is one of five equally weighted 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 8-15 16-21  22-27 28-33  34-40
Community Condition Very Poor Poor  Fair Good Excellent

The contribution of the benthic macroinvertebrate results for each sample site to the overall
reservoir Ecological Health Index was as follows:

Benthic Community Score g-15 16-21 22-27  28-33 34-40
Contribution to Reservoir 1 2 3 4 5
Ecological Health Index

One further use of these results is for TVA’s report to the public on the conditions of
Tennessee Valley reservoirs. In this publication, titled Riverpulse, 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 dividing the benthic macroinvertebrate scores into three
ranges as follows:

Benthic Community Score 8-18 19-29 30-40

Color (Rating) in RiverPulse  Poor (Red) Fair (Yellow) Good (Green)

Results from 1994 Monitoring

Results from 1994 monitoring activities are summarized by reservoir class and type of location
for each metric in the Table 3. Also included with the 1994 results are results from all previous years.
Abbreviations for metrics in the table are those provided above each metric is detined. Appendix B
provides mean density for each species at each location in 1994.

Results of Quality Control samples are identified in the table with a “Q”. Approximately 20
percent of all the benthic sampling stations were revisited for Quality Control purposes. All together,
13 randomly selected sites were revisited, usually on the same day as the first sample set. The desired
maximum difference between the score for the original sample and the QA sample was 6. A difference
greater than this would cause the rating to change 2 categories (e.g., very poor to fair, fair to good),

which was deemed unacceptable. Results for each set of repeat samples are provided below.

Run-of-the-River Reservoirs

Forebays Qriginal Score QA/QC Score Difference
Chickamauga 28 (Good) 34 (Excellent) 6
Nickajack 34 (Excellent) 30 (Good) 4

Transition Zones
Chickamauga 38 (Excellent) 38 (Excellent) 0
Kentucky 32 (Good) 34 (Excellent) 2

Inflows
Nickajack 34 (Excellent) 38 (Excellent) 4
Pickwick 30 (Good) 32 (Good) 2

Embayments
Hiwassee 24 (Fair) 22 (Fair) 2

Tributary Reservoirs

Forebays
Parksville 12 (Very Poor) 8 (Very Poor) 4
Blue Ridge 22 (Fair) 28 (Good) 6
Little Bear 24 (Fair) 28 (Good) 4

Upper
Watauga 22 (Fair) 16 (Poor) 6
Hiwassee 18 (Poor) 18 (Poor) 0
Nottely 28 (Good) 34 (Excellent) 6



The maximum observed difference was 6 (4 sets of samples) and the minimum was 0 (2 sets of
samples). A greater difference generally was found for the tributary reservoirs than for the run-of-the-
river reserves. The mean difference for all reservoirs was 3.54. The 95%confidence interval around

the mean would be 2.17 to 4.9, well below the desired level of 6.



Reservoir

Kentucky

Pickwick

Wilson

Wheeler

Guntersville

Nickajack

Chickamuaga

RESERVOIR VITAL SIGNS MONITORING ACTIVITIES, 1994

Sampling

Locations"

TRM
TRM
TRM
Big

TRM
TRM
TRM

Bear Creek 8.4

TRM
TRM

TRM
TRM
TRM
Elk

TRM
TRM
TRM

TRM
TRM

TRM
TRM
TRM

2340

85.0
200-206
Sandy 7.4

207.3
230.0
2535259

260.8
273-274

277.0
295 : 9
347-348
River 6.0

350.0
375.2
420-424

425.5
469-470

472.3
490.5
518529

Hiwassee 8.5

Description®

FB
TZ
I
E

FB
TZ

TABLE 1

Reservoir Vital Signs Monitoring Tools

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

(revised 10/31/94)
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TABLE 1 (Cont'd)

Run-of-the~River Reservoirs
--Basic Monitoring Strategy (continued)--

Reservoir Vital Signs Monitoring Tools

sampling Sediment Quality’ Benthic Fish Community'

Reservoir Locations® Description® Water Quality’ Toxicity Phy/Chem  Invertebrates® Diversity/RFAIL
Watts Bar TRM 531.0 FB M A A A A
TRM 560.8 TZ M A A A A
TRM 600-601 e = = = A A
CRM 8522 1 - = - A A
Fort Loudoun TRM 605.5 FB M A A A A
TRM 624.6 TZ M A A A A
TRM 652 I = — = A A
Tellico LTRM 1.0 FB M A A A A
LTRM 15.0 TZ M A A A A
Melton Hill CRM 24.0 FB M A A A A
CRM 45.0 T2 M A A A A
CRM 59-66 L = = o A A
Totals 24 24 24 35 35



TABLE 1 (Cont'd)

RESERVOIR VITAL SIGNS MONITORING ACTIVITIES, 1994

Tributary Storage Reservoirs
--Limited Monitoring Strategy--

Reservoir Vital Signs Monitoring Tools

sampling Sediment Quality’ Benthic Fish Community'
Reservoir Locations" Description® Water Quality® Toxicity Phy/Chem Invertebrates® Diversity/RFAI
Norris CRM 80.0 FB M A A A A
CRM 125.0 MR M A A A A
PRM 30.0 ; MR M A A A A
Cherokee HRM 53.0 FB M A A A A
HRM 76.0 MR M A A — A
HRM 91 I ™ - = 7 ol =
Douglas FBRM 33.0 FB M A A A A
FBRM 51.0 MR M A A A A
FBRM 61 I = it - = =
Ft.Pat Henry SFHR 8.7 FB M A A A A
Boone SFHR 19.0 FB M A A A A
SFHR 27.0 MR M A A A A
WRM 6.5 MR M A A A A
South Holston SFHR 51.0 FB M A A . A A
SFHR 62.5 MR/I M A A A A
Watauga WRM 37.4 FB. M A A A A
WRM 45.5 MR M A A A A
Fontana LTRM 62.0 FB M A A -~ A
LTRM 81.5 MR M A A A A
TKRM 3.0 MR M A A A A



TABLE 1 (Cont'd)

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

Reservoir Vital Signs Monitoring Tools

sampl ing Sediment Quality” Benthic Fish Community'

Reservoir Locations® Description® Water Quality® Toxicity Phy/Chem Invertebrates® Diversity/RFAI
Hiwassee HiRM 77.0 FB M A A A A
HiRM 85.0 MR M A A A A
HiRM 90 i = = = A =
Chatuge HiRM 122.0 FB M A A A A
ghpoting Cr 1.5 FB M A A A A
Nottely NRM::23% 5 FB M A A A A
NRM 31.0 MR M A A A A
Blue Ridge ToRM 54.1 FB M A A A A
Ocoee No.1l GRMu1215 FB M A A A A
Tims Ford ERM 135.0 FB M A A A A
ERM 150.0 MR M A A A A
Bear Creek BEM 75.0 FB M A A A A
I,.. Bear Creek LBCM 12.5 FB M A A A A
Cedar Creek CEM 25.2 FB M A A A A
Normandy DRM 249.5 FB . A A A A
Beech BRM 36.0 FB M A A A A
Totals 33 33 33 32 33



TABLE 1 (Cont'd)

Footnotes

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

b

C.

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

—--Basic Monitoring Strategy--

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

--Limited Monitoring Strategy--

M - monthly water quality surveys (April through October). The surveys include: in situ water column
measurements of temperature, dissolved oxygen, pH, and conductivity; Secchi depth measurements; and, photic
zone cholrophyll-a samples. Twice a year (April and August) surface water samples are collected for

nutrients (organic nitrogen, ammonia nitrogen, nitrate+nitrite nitrogen, phosphorus, and dissolved ortho

phosphorus), and total organic carbon. No samples are collected for fecal coliforms, color, and suspended
solids.

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

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

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



Table 2.

Scoring Criteria for Benthic Macroinvertebrate Community

1994 Reservoir Vital Signs Monitoring

——— S

Run-of-the-River Reservoirs

Benthic Community Forebay Transition Inflow
Metrics 1 | 3 | 5 1 l 3 I 5 1 | 3 5
Taxa Richness <46 |46-69| 27 <6 |6.1-8.9 29 <5 5.1- 28
7.9
EPT <5 6-.9 21 5.3 6-14 | 215 <8 | .9-1.9 22
Long-lived =) 6-.8 2.9 515 6-.9 21 2.5 6-.8 29
Percent Chironomids 260.0 | 45.1- | £40.0 | 260.0 | 35.1- | £35.0 | 240.0 | 10.1- | £10.0
9.9 59.9 39.9
Percent Tubificids 2300 [|15.1- |{<150 }i23040 |{15.1- |{i=15.0 | 230.0 | 15.1- | £15.0
29.9 29.9 29.9
Dominance 290.0 | 80.1- | <80.0 | 285.0 | 75.1- | £75.0 | 285.0 | 70.1- | £70.0
89.9 84.9 84.9
Non-tolerant Density <250 | 250.1- | 2325 | <300 | 300.1- | 2700 | <500 | 500.1-| =1000
324.9 699.9 999.9
Zero Samples 21 - 0 21 0 0 21 - 0
Blue Ridge Tributary Reservoirs
Benthic Community Forebay Upper
Metrics G e R R T £ 1 5 5
“ Taxa Richness 22 1213911 24 - - - <3 3.1- 24
39
EPT: a.L IS8T 24 - - - 4 | A1- 26
.59
Long-lived =L TiHI-491 123 - - - -4 | Al- 2.5
49
Percent Chironomids 245.0 | 30.1- | <30.0 - - - 260.0 | 30.1- | <30.0
44.9 59.9
Percent Tubificids 265.0 | 40.1- | <40.0 - - - 265.0 | 35.1- | £35.0
“ 64.9 64.9
Dominance 295.0 | 90.1- | <90.0 - - - 296.0 | 92.1- | £92.0
94.9 95.9
Non Chi. and Tub. Density | £100.0 | 100.1- | 2200.0 - - - £250 | 25.1- | 250.0
199.9 49.9
Zero Samples 1 - 0 - - - 1 - 0




Table 2. Cont’, Scoring Criteria for Benthic Macroinvertebrate Community

1994 ReservoirVital Signs Monitoring

Interior Plateau Tributary Reservoirs

”: Benthic Community

Forebay Transition Inflow B
Metrics £ 11l 3t [I 5 £ 11 3t 11 5 st 3 TH 5
Il Taxa Richness <25 (2639 24 ¢ E . - 3 :
EPT < ] 11-.59 2.6 - - = 5 iz “
Long-lived <1 |.11-49| 25 - - - - - -
Percent Chironomids 260.0 | 30.1- | <30.0 - - - - - -
| 59.9
Percent Tubificids 296.0 [ 92.1- | £92.0 - - = - . ’
95.9
I Dominance 2950 | 90.1- | £90.0 - - - - - -
' 94.9
Non Chi. and Tub. Density | £30.0 | 30.1- | 260.0 - - - - - -
59.9
Zero Samples 0 - 1 - - i - _- -
Ridge and Valley Tributary Reservoirs
"mBenthic Community Forebay Transition Upper_
Metrics T R govolt 3 1 5 g0’ firing 5
Taxa Richness <15 | 1629 23 - - - <3 3.1- 25
4.9
l EPT 0 1-.19 =2 - - - 0 1-.19 22
Long-lived =.1 .11-.49 29 - - - 2 21- 27
.69
Percent Chironomids 250.0 | 25.1- | £25.0 - - - 26370%-35.1- | £35.0
499 64.9
Percent Tubificids 280.0 | 50.1- | £50.0 - - - 260.0 | 40.1- | =40.0
" 79.9 59.9
Dominance 298.0 | 94.1- | <94.0 - - - 298.0 | 94.1- | £94.0
' 97.9 979
Non Chi. and Tub. Density | <15 | 1.4-29| 23.0 - - - <250 | 25.1- | 250.0
499
Zero Samples 0 - 1 - - - 0 oo 1




Results and Ratings for Individual Metrics and Final Benthos

SR, Score. Separated by Reservoir Class and Type of Sample Location
Run—-of-River Reservoirs--Forebays
RESVORNA MILE YEAR SCORE TAXA LONGL  EPT _ PCHIR _ PTUBl __ DOMN TOTNONCT ZEROS
CHICKAMAUGA 47235 91ay 33 2358 Ohf 107 Gir D9 35594 3£ 67re5c@d3 3 2800 ABLANDIDGES
CHICKAMAUGA 4723 92 38 59 337 10: 55t 1M 5886 S& 93:052744 5 S0L7 ASLADIDNS
CHICKAMAUGA 4723 93 36 72: Sur 1.0B 521 08 3416 5c 1782238751 5 3483 ASUANDDIGHES
CHICKAMAUGA Q*4723 93 34 6.7: 3rp 108 511 10; 5439 5& 1945032936 5 3083 ABJADIGTHS
CHICKAMAUGA 4723 94 28 65 3pr 10: 537 13c 58618 10 142005 2854 /73 1983 AUANOIGINS
CHICKAMAUGA Q 4723 94 34 74s 5pr 10; 530 10: 55487 35 231se3E851 3 3783 ABUMGIDIDGS
FORT LOUDOUN 6032 91 16 852 11§ 048 150 D0F 15361 G 446Me1 2898 1 335 ARLMDIDGS
FORT LOUDOUN 6055 92 10 20c 180 048 18002 16725 B 2533 HO00 @ 68 AdusDIONT
FORT LOUDOUN 6032 82 14 A0: 155032 1ar0de 16574 MBS 2708232899 © 127 AJLADIDIONS
FORT LOUDOUN 6055 93 14 521 3.0 05r 1p003; 1t636 1y 335wl 297 1  27AUMOUODTRS
FORT LOUDOUN 6055 94 14 451 120 04c 15002r 19651 151 228593 8998 1 17.4MUBCUDOTRE
GUNTERSVILLE 3500 91 36 7.2¢ S¢g10p Ssofic 51588 g 11.7ceS 2BOO 5 IS IUUEBQUIDOTIS
GUNTERSVILLE 3500 92 32 50; 3»g 105 Sau087 39434 5i 15883 aflE 5 NIIMBQUOOTAS
GUNTERSVILLE 3500 93 30 6.8r 35000 50.108; 32508 e 139395 SB02 3 367 FINADDWAS
GUNTERSVILLE 3500 94 28 69z 3ar 102 531108 58547 3m 15203 5820 3 2200 IIAVENOTWS
KENTUCKY 230 91 28 S5de 3£1108 591068 34529 39 114555 SB4d 3 2217 ZANV2G0TMES
KENTUCKY 230 52 32 54r 350108 S50r04¢ 18392 S 18653 0783 § 3ITLT 5 VIOOTWS
KENTUCKY 744 93 32 8.7¢ 51408 50106 35718 1 34085 GBR2 3 2600 5 VaDOYUS
KENTUCKY 230 93 36 752 55,1108 550106% 36422 586130 M65 BBS2 3 7083 5 YIDOTYS
KENTUCKY 74t 94 22 872 5 ;082 30104 11771 105108 255 0904 o 1383 1 V0075
KENTUCKY 230 84 26 59 3 10 5 04 1500 3 233 3 86 3 2833 3 00 5
MELTON HILL 240 91 16 89 13607 320047 12584 15r169 563 0963 1 317  1MOOTIS
MELTON HILL 240 £92 pge 22 87 300076 35006 3541 300301 o1 GBR1 3 1435  1HOONTIS
MELTON HILL 240 893 14 4.1 1 031 1 0.1 1659 12162 i3 844 1 250 1 0o S
MELTON HILL 240 94 16 57 30403¢ 16005 19677 140253 18 6838 1 333 1 WOPANS
NICKAJACK 4255 91 36 By 31010z 50710 5:256 Sgu 34 15 o847 3 5433 5 HQ0WS
NICKAJACK 4255 92 38 B¢ 301103 501105 51287 54 94 5 M0 5 5217 5 000045
NICKAJACK 4255 93 36 T3¢ 50r10¢ 55013 5376 5cc114 =5 o816 3 2700 3 300455
NICKAJACK Q 4255 93 40 722556108 565100 54374 54 71 w5 (78 5 3\B3 5 0045
NICKAJACK 4255 94 34 B2t Srpl0r Scg19 5¢87 341101 55 780 5 2350 1 00MyS
NICKAJACK Q 4255 94 30 60 3 089 5 14 5492 3 128 5 812 3 1700 1 00 5
PICKWICK 2073 91 18 48 3 08 3 0.8 ¢ 3632 150161 3 BB8 I 2083 1 0.1 1
PICKWICK 2073 92 34 Pl 3009250108 53892 Bo0c95 o5 68 5 2000 3 30075
PICKWICK 84% 93 16 65 3 07 3 04 1628 1 334 1 96 1 400 1 00 5
PICKWICK 2073 93 32 63 3 10:5:/08 3307 5 169 3 758 5 2900 3 00 5
PICKWICK 84 94 16 E5:38022 1010061 @S 10269 03 1983 1 200 1 @©O2%5
PICKWICK 2073 94 38 80 5:09:5:12:5412 51196 (3 771 5 6250 5 00 5
TELLICO 1.0 91 12 17610101 210001885 5:2735 ¢ 1000 + 67 1 2o
TELLICO 10 92 16 27 p 16403 + 1 200 £V B2 53598 pf@e2 1 89 1 100335
TELLICO 10 93 16 362170521002 :1203 5679 3d @20 1 250 1 00EsS
TELLICO Q@ 10 93 12 27 1 01 1 04 1305 5 787 4 892 1 S0 1 04 1
TELLICO 10 94 16 28 1 05.9 04 1188 5 662 1 957 41 283 4 00 5
WATTS BAR STy o2 387 0Nge 57 0RF 125B0- AT RS 50 4T TR - TTg0- 5
WATTS BAR 5310 92 22 58 3 08 5 06 3498 3 367 1 959 1 676 1 00 5
WATTS BAR 5310 93 26 6 4Dedu ino1l 5009 J@veeld sigraz ERCETS 13 47000 [1nc00 5
WATTS BAR 531.0 94 22 40] 817008250 ROGIn3 58ANa 304897 I 0026 T cie5isanlss00] S
WHEELER 2770 91 20 54 3 08 .3[503; 1,979 .1 792 &54:9515-4= 5001500 5
WHEELER 2770 92 16 44 1 07 3 03 1642 1 202 3 939 1 617 1 00 5
WHEELER 2770 93 .22 49 3 09 5 03 1334 1 28 5 948 1 1000 1 00 5
WHEELER 2770 %4 20 61 3 08 3 01 1650 1 “88 3 89 3 1WLT 1 DO 5
WILSON 2608 91 18 52 3 07 '3 00 1667 1 254 3 033 1 733 1 00 &
WILSON 2608 92 14 42 1 06 3 01 1617 1 337 1 93 1 47 1 00 5
WILSON 2608 93 22 65 3 08 3 04 174D 1 136 5 84 3 437 1 00 5
WILSON 2608 94 16 41 1 03 4 0B 1758 1 1220 5 3B 1 M7 4 00 5
*Q = Identifies results from a replicate set of samples for QA purposes

I

#

Identifies an embayment sample location; included with forebays because

habitat (sediment substrate and reservoir flow) in these embayments was
similar to forebay habitat



Table 3 (Cont'd)

Run-of-River Reservoirs——Transition Zones

RESVORNA MILE YEAR SCORE TAXA LONGL EPT PCHIR PTUBI DOMN TOTNONCT ZEROS

CHICKAMAUGA 4905 91 34 DigE 1 105 5% 1 B2E 5 75975 SR, 5 9133 NSNS
CHICKAMAUGA 4805 82 36 64 3T 107 5.7 1.0¢ 31234 5% 920 55747 5 9083 MS5N00 =5
CHICKAMAUGA 85# 93 32 A2.2- B0 408 BRT 137 3193 6 407N 15964 3 8250 fesisuppuits
CHICKAMAUGA 4805 93 34 84" 34T 100 57 118 3292 55 14097 5 Lg507 W5 466.7 3RS
CHICKAMAUGA Q* 4905 93 32 .80 30 100 507 108 35283 55 1547 3LHDB 5 4900 S348MRID TS
CHICKAMAUGA 85# 04 24 608 147 D88 307 128 2WAT.2. &% 236 {1 EHE3 L3 2800 AGANEIDWEH
CHICKAMAUGA 4905 94 38 39 30U 1.0° 5B 24T 55PSS 54 146'Eb ARy 5 7350055y A5
CHICKAMAUGA Q 85% o4 22 49 1 097 3% Dol 3t583 5HW 386-C1 SE3w 3 21178V 00 5
CHICKAMAUGA Q 4805 94 38 830 3T8 107 59207 5e332 B YESESAgE 5 F1500SSLUINERES
FORT LOUDOUN 6246 91 14 471 1580 047 15004 15493 PN 425981 COnD. 1 DTN VS5
FORT LOUDOUN 6246 92 18 ST A0 0FF amE 05T €557 I 2GR SLEN. 1 10 g Lo 110 gl
FORT LOUDOUN 6246 93 20 F.7= 3r.0 08¢ 3JiO7e 3=630 FE 312 °=1°VE5R 9 1400 SSEvegiLy
FORT LOUDQUN 6246 94 16 S8 BV 068 IRV 048 18502 1418733 Boan 1 80,0 =1"v=0m N5
GUNTERSVILLE 3752 92 34 Ge% 354 105 HUnss 35224 BN B4SD MR 3 Q0ET S5VeOQR YRS
GUNTERSVILLE 3752 83 40 A8 H5U.F10¢ ST ALY BEILE 5 112 #=5 VB5ID § 7750 SH5WEQ:RIELS
GUNTERSVILLE 3752 94 38 98s SS9 108 S8 3% IBRT S BOIED WY 5 9150 § THUNENE
KENTUCKY 850 92 34 .87 3108 HUTOEL 3WBE 5% 120855 U332 3 EMMT 5 "HQOTHS
KENTUCKY 850 93 34 gL sR0108 591118 3%2Re G238 RS T26 5 GOEY 3 YHRNTWE
KENTUCKY 850 94 32 i84 320107 HOFYAE 569372 §U166 53 U¥E1 3 €606T 3 TUpOES
KENTUCKY Q 85.0 94 34 817 300108 SARLTE 5274 DHNAGT FEETTIO0 5§ 4267 3 TAOMIWS
MELTON HILL 450 9 18 961 18808¢C 3AT0ES ISERT 195248 53 B8R0 1 45.0 1 00 5
MELTON HILL 450 92 16 55 1 09° 32047 1%433 37 428 ‘"1 “8F1 1 32 1 ggi-5
MELTON HILL 450 93 18 9L (80D FE JIENIE 13090 2JiL 296 WN3 Sokg | 3Bo 1 i R
MELTON HILL 450 94 14 e ¥ 305 047 1°6D4 477318 <1 Lo 4 367 1 L
NICKAJACK 433.0 81 24 S50 1ekpal 3S8q41e 302 SF253 Fe3 Sy 3 3000 1 00 5
PICKWICK 2300 91 28 46 1 1.08 6WE0.7% 3+ND b 46 5 822 3 2633 1 0o 5
PICKWICK 230.0 92 34 s 3VF10C 5108 3T 5122 35 SEDE 5 4173 3.D0NS
PICKWICK 2300 93 32 T0€e 3eigoE 300 C 30VT H9q40 %25 EpER - & Sy 3 EpeS
PICKWICK 230.0 sS4 34 94 5 10 5 22° 515 378 V3 S0 S 4424 3 00 5
TELLICO 15.0 893 12 o€ 4 Cepa e 4 GFn & o eg 1ME310 M Sogw 1000 1 EgAING
TELLICO 150 94 14 42 1 04 1 04 1762 1168 "3 ‘984 1 133 1 00 5
WATTS BAR 560.8 91 28 G7 L 38090 ¢c 5300 354 3O 75 VN5 SERE 3 2867 1 LHOIRE
WATTS BAR 560.8 92 30 618 - 340550~ 3 3B4 3™ 45 5 754 3 S400 3 BOYES
WATTS BAR 560.8 93 34 o Fakoe s 13 @31 5 1.7 “SM806 3 7857 5 UONS
WATTS BAR 560.8 94 36 85 3% pe 58520 ChB38 S§550132 &5 A4 5 6867 3 DOYSS
WHEELER 2941 92 32 66 3 10 5 08 3309 5 127 S5 782 3 4167 3 00 5
WHEELER 6.0% 93 18 84 “3 50953 53¢ 196 3I405 9 A4 1 1650 1 00 5
WHEELER 2859 83 32 F7 3080 Y5 P10 T3 8T S 98 5 780 3 86433 3 00 S5
WHEELER 6.0 # 94 16 84 3 05 1 03 1 441 3 536 1 976 1 600 1 00 &5
WHEELER 2959 94 34 S8 3380 ey 15958 39122 95 M40 § 3850 3 QD75

O* = Idmtifies results fram a replicate set of samples for QA purposes

# = Identifies an embay sample location; included with transition
because habitat in these embayments was similar to transition
(sediment substrate and reservoir flow)

zone results
zone habitat



Table 3 (Cont'd)

Run-of-River Reservoirs——Inflows

RESVORNA MILE YEAR SCORE TAXA LONGL EPT PCHIR PTUBI DOMN  TOTNONCT ZEROS
CHICKAMAUGA 5180 91 24 U | 16 5 05 1 07 5 91 & 914 1 4606 V53500 5
CHICKAMAUGA 5180 92 26 8% ¢ 1 A0 5 e02 21 145 HE118 25 92D 1 8846 3 3EpD7 TS5
CHICKAMAUGA 5180 893 30 BE 350982071 b4 5L095 W5 Ty 3 6909 3 DO S5
CHICKAMAUGA a* 5180 93 32 68 23 805 ELO4 ET T8 5 88 5 B23 3 14873 5 0O 5
CHICKAMAUGA 5180 94 22 27 21 2408 £3 0D &1 210 5P 50 &5 W50 1 4367 1 00 5
FORT LOUDOUN 6520 91 16 19 21 09 £5 3100 21 J46 32280 £B WSE 1 3IB1T 1 AR
FORT LOUDOUN 652.0 82 18 50 1 09 ;!5 101 1 457 10182 3 960 1 3974 1 005
FORT LOUDOUN 652.0 93 14 35 1 0.7 g3 ¢01 g1 2804 3077 2 OS2 1 1933 1 01 1
FORT LOUDOUN 6495 53 26 58 13 @0 ¢5 03 r1 4%9 3 75 £5 838 1 5720 3 ODATS
FORT LOUDOUN 652.0 94 12 29 11 o8 ;3 53 r1 238 320 g4 929 1 1655 1 BREA
GUNTERSVILLE 4200 91 26 35 1 g8 15 p@2 r1 33 S5 12 5 9814 1 6383 3 QOIS
GUNTERSVILLE 420.0 82 36 e 5 A0 5 g2 g8 @7 5 T 5 T98 3 13805 S5 OETS
GUNTERSVILLE 4200 83 30 68 18 p10 5 gd1 23 25 55097 5 Ta6 3 4518 1 00 5
GUNTERSVILLE Q 4200 93 30 75 13 p09 ;5 00 £3 140 5 138 ¢5 48 3 4636 1 00 5
GUNTERSVILLE 4200 94 28 70 3 30 5 g@5 1 B3 5 74 5§ 777 3 4882 1 00 5
KENTUCKY 2000 91 14 257 1 aD8 3 p03 1 248 3 231 3 865 1 525 1 23R
KENTUCKY 15.0 91 34 9% 16 pd0 5 40 3 265 S5 176 5 81 3 6581 3 0OUAS
KENTUCKY 2000 92 28 B 33 gd0 g5 BTV T A5 S ar95 5 728 3 4900 1 00 5
KENTUCKY 150 92 36 90 5 10 5 12 8 17 & 06 S5 734 3 27323 SE00D 5
KENTUCKY 2000 93 .26 54 3 D9 5 ph8 gl WO 3 pg00 5 TE2Z 3 2108 1 00 5
KENTUCKY B0 93 36 Bl 5 o0 §5 22 35 BF 5 18 5 760 3 5909 3 00 5
KENTUCKY 15.0 94 26 66 3 40 ;5 p05 g1 1BH 3 257 & B22 3I03IN3 1 0005
KENTUCKY 200.0 94 30 83 S (09 5 04 1237 3 13 5 633 &5 1509 1 00 5
MELTON HILL 58.8 91 8 1.4 1 03 1 Bt, (1 650 1 300 o 965 1 142 1 034
MELTON HILL 588 92 18 84 5 o086 3 b1 A MB 1 481 4 WZ 1 718 1 00 S
MELTON HILL 588 83 14 Fde 3 304 g1 403 A 493 1 =438 4 984 1 1211 1 QR2eS
MELTON HILL 588 94 12 33 1 00 1 00 1641 1 354 1 995 1 64 1 00 5
NICKAJACK 4680 91 34 60, 3 40 5 24 5 94 5 ,:00 5 663 5 2846 1 00 5
NICKAJACK 469.0 92 32 F4 @ 0 5 216 3 BA 5 37 5 T80 3p7991 3 00ags
NICKAJACK 468.0 93 40 W2 5 10 65 21 5 32 5 01 5. 652 5 10618 5 00 =S
NICKAJACK Q 4690 93 40 107 5 10 5 ,23 5 16 5 04 5. 672 5 22980 5 005
NICKAJACK 468.0 94 34 683 83 10 5 18 3 00 S5 06 5 734 3 11%4 5 00 5
NICKAJACK Q 469.0 94 38 94, 5 40 5 28 5 B85 5 19 'S 683, 5 7691 3 O0OuES
PICKWICK 2532 91 14 1.8 08 3 L0 4233 3 200 3, 958 1 382 1 0250
PICKWICK 2532 92 26 46 1 10 5§ 04 4 389 5 42 5. 922, 1,733 3 005
PICKWICK Q 2532 @92 26 00 5 10 & 00 1 90 5 436 1 82 1 5727 3 00 5
PICKWICK 2532 93 36 87 5 10 &5 24 5 64 5 57 5 754 3 6582 3 00 5
PICKWICK 2532 94 30 65 3 10 6 15 3 59 5 64 5 767 3 2118 1 00 5
PICKWICK Q. 2532 94 32 T3 [ Busl 035 4h8 53 4B/ .5 03 35+ 784 - 37152 73 007 5
WATTS BAR 6000 91 18 3.7 1 0 5 01 1344 3 100 5 973 1 36891 1 01 1
WATTS BAR 190 91 22 44 1 10 5 08 1224 3 61 5 942 1 4202 1 00 5
WATTS BAR 190 92 20 56 3 09 3 04 1582 1 81 5 93 1 1507 1 00 5
WATTS BAR 600.0 92 22 59 3 08 3 03 1239 3 46 5 916 1 3900 1 00 5
WATTS BAR 6000 93 20 44 1 O3, 03 1 287 32 02 5 913 1 2564 1 00 5
WATTS BAR 18.0 93 22 29 1 09y 5 W2 A 23F 3 B0 5 9TF 1 7?1 1 00 5
WATTS BAR Q 18.0 93 24 58 3 09 5 04 1282 3 134 5 894 1 1964 1 00 5
WATTS BAR 19.0 94 16 40 1 07 3 07 1282 3 100 5 912 1 600 1 01 1
WATTS BAR 6000 94 28 65 3 10 S 09 3277 3 81 5 735 3 1646 1 00 5
WHEELER 3470 91 30 B2 3 H0- 5 10 .3 56 B 15 5 796 3 3255 1 00 5
WHEELER 3470 92 38 91 5 10 S 22 6 68 5 00 5 682 5 5936 3 00 5
WHEELER 3470 93 38 88 § 18 & 22 5 57 5 00 S5 67 5 6191 3 00 5
WHEELER 3470 54 34 89 5 10 6 18 3 86 5 00 5 598 S5 4073 1 00 5
WILSON 2730 91 30 70: '3 w0 5 #42 3 688 5 152 3 728 3 883 3 DO 5
WILSON 273.0 82 32 81 5 10 5 13 3 78 S5 243 3 745 3 7803 3 00 5
WILSON 273.0 93 36 106 5 10 5 17 3 45 5 97 5 672 5 5668 3 00 5
WILSON 2730 594 34 08 5 48 6 4F 3 51 5 150 3 593 & 7285 3 oo 5

Q* = Identifies results from a replicate set of samples

for QA purposes



Table 3 (Cont'd)

Blue Ridge Ecoregion Tributary Results-—Forebays

and Upper Reservoir

RESVORNA MILE YEAR SCORE TAXA LONGL EPT PCHIR PTUBI DOMN TOTNONCT ZEROS
FOREBAY
BLUE RIDGE 541 93 34 S1 r 5500985 404 15806 39373 385 U85 5 4983 S5V NG
BLUE RIDGE 541 94 22 23 '3 T0D5 25 002 €3 MBY 155349 Hi5 SgdF 3 733~ L
BLUE RIDGE Q* 541 94 28 37 T3 ke0s5 250408 €5 W3 3IRLG12 B3 UoDE T3 2517 AHVEORWM
CHATUGE 5 93 28 96 15 0404 03 DS 75 952 155460 3 G933 3 1167 fStiNppRs
CHATUGE 1220 93 32 56 FH b4 ©3 BD4 T5 RE9 5081567 Vo WbM 1 2883 %NEBNgg RS
CHATUGE 1.5 94 24 46 TS 7404 €1 &03 T3 BE3 199302 M5 Yo 3 464 1 L Bl
CHATUGE 1220 94 20 36 +3 L2 &3 VA2 T3 8a:7 18444 On WoEl e 00 S5
FONTANA 62.0 893 14 32 1 202 €3 Wigg 1 280 5976 M {ogn 1 v el (0 B |
HIWASSEE 770 83 12 T2 11 &iDo %4 400 V1253 ST ™ 1039 1 I et Uil St
HIWASSEE 770 94 10 7 71 %@ 1 €00 Y1 3RE 39940 M SeP 1 150 =4 Highes
NOTTELY 235 83 16 28 3 %00 €1 WD Sf A6 1 %524 M9 WES 4 100 1 00 5
NOTTELY 235 94 16 i =3 L0 1 =0 B4 A0t q VMR Sa SoEm 9 58 = 00 5
OCOEE NO 1 125 93 18 ¥ &3 WD ®1 540 &1 %us 5 Wel3 S SEn 9 183 = 00 5
QCOEENO 1 125 94 12 A= A 00 €1 Woq = 2. 5reend. T e 83 1 2
OCCEE NO 1 Q 125 94 8 O 14 BB0 S &G0 I osme 4 Wygip. VR ThoAaE o 50 1 L |
WATAUGA 374 93 12 A =1 S0p =) S0iD ¢ 38D 5872 M bam 9 197 1 027"
WATAUGA 374 94 16 12 T 'LWE3 &3 a0 & 280 5 V550 2 1ol 1 46 1 L) e |
UPPER
FONTANA 30 93 20 a5 '3 =90 =1 =00 %1 Wa . 5 ®bgs Y bElo: 1 2679 3 "MWTUS
FONTANA 815 93 26 o5 5 S04 % 900 %1 o 5 Yes2 f Skl 3 787 5. "OOTTh
FONTANA Q 815 93 22 38 '3 400 =1 ¥h4 1 240 5 %846 5 ovE 1 412 3 "OBTYS
FONTANA 30 94 10 24 T 0D S B0 o1 495 3 VEZ3 Y 8eEs g 33 1 o2~ "M
FONTANA 815 94 14 2! 1 YBor . a0 oM 1 W/ry B gom 1 T A 00 5
HIWASSEE 850 93 18 giF 3 RO Y1 @0 W 120 5 SBET o 85 A1 13.0 1 00" "5
HWASSEE 900 93 28 50 5 04 3 04 3 349 3 604 3 954 3 433 3 00 S
HIWASSEE 850 94 18 4 LR U~ PR L 1 IR - SR /= M 7 (R 150 1 00 S
HIWASSEE S0.0 94 20 28 9 02 W M1 M e85 1 233 % OEET o 67 1 00 5
HIWASSEE Q 85.0 94 18 o ¥ a3 Mt M A2 8 'Bza T 9EhT 1 144 1 00 5
NOTTELY 310 93 34 52 5 ‘06 5 Y08 5 548 3 3865 I 34 3 583 65 DO 5
NOTTELY 31.0 94 28 47 5 04 3 05 3 824 1 71 § 852 3 35 3 00 5
NOTTELY Q 310 94 34 43 B |5 S5 08 5 @8 1 7.2 8BRS 446 3 00 5
WATAUGA 455 @3 12 TF 1 % 8 00 %M 83s 1 ME2 9T iyt 1 00 1 i ot |
WATAUGA 455 94 22 33+ 3 vq W b 4 384 3 Sy S 060 1 4383 S5 OO S
WATAUGA Q 455 94 16 22 1 W1 1 WD % esF 1 31 8 88t 1q g B2 A 0o 5

Q% = Idatifies results from a replicate set of samples

for QA purposes



Table 3 (Cont'd)

Ridge and Valley Ecoregion Tributary Reservoirs--Forebays and Upper Reservoir

RESVORNA MILE YEAR SCORE TAXA LONGL EPT PCHIR PTUBI DOMN TOTNONCT ZEROS
FOREBAY
BOONE 180 93 22 g9m =5 Spd £q 200 "1 45 5 Y838 "% LHE 3 233 1 00 5
BOONE 18.0 94 18 2 83 "B =1 =00 1 %1 5 *O16 M 888 1 52 ATEEDT TS
CHEROKEE 53.0 91 10 15 1 =00 "1 "0 “1 546 1 “¥54 Y3 10D 1 LI R g < - Sl |
CHEROKEE 530 92 22 2 =5 =B0 1 SB1 "3 411 3 580 3 B82 1 50 1 00 5
CHEROKEE 530 93 28 38 5 01 3 03 5509 1 4689 5 978 3 125 1 00 5
CHEROKEE 53.0 94 22 35 °5 ol s | D1 3523 1 462 5 986 1 50 1 0o 5
DOUGLAS 330 9 16 19 =3 @0 “1 %00 1 470 3 "599 "3 Y3 3 33 1 01 1
DOUGLAS 330 92 20 2o €3 vO1 %1 WD %3 533 1 "399 "N oEg 1 50 1 00 5
DOUGLAS 33.0 @3 18 22 "3 *P0 51 D0 1 615 1 "386 '5 1000 1 00 1 005
DOUGLAS 33.0 94 18 26 =3 “00 %1 g0 1 665 1 *930 B W\ 1 i 7 it I it
FORT PATRICK HENRY 8.7 83 28 B =5 ©@3 *3 %60 "1 15 6 "768 2 962 3 557 3 00 5
FORT PATRICK HENRY 8.7 94 20 31 5 01 1 00 1480 3 505 3 985 1 BEFTRTC POy Sy
NORRIS 804 91 32 29 '3 Y6 'S5 04 '3 B 5 78 F 06T 3 298 § 00 H
NORRIS 804 92 40 65 5 UG 5 Y06 'S 155 B W0 5 8nb®..b 4064 5 DOUTTH
NORRIS 804 83 34 32 5 06 5 01 3 31 5 TI0O 3 5945 3 2141 5 00 5
NORRIS 80.4 54 22 20 3 03 3 00 1 64 S5 779 3 982 1 500 1 00 5
SOUTH HOLSTON 510 93 8 06 1 01 1 00 1511 1 89 1 1000 1 s A | 05 1
SOUTH HOLSTON 510 94 24 25 3 02 3 02 5 69 & @812 1 831 1 108 1 00- 5
TIMS FORD 1350 83 10 07 1 00 1 00 t 300 3 1000 1 1000 1 00 1 03 1
TIMS FORD 1350 sS4 8 05 1 00 1 00 1 717 1 883 1 1000 1 00 1 06 1
UPPER

BOONE 270 93 16 28 1 0.1 1 00 1 115 5 878 1 9294 1 8.3 1 00 §
BOONE 65 93 18 24 1 01 1 00D 1 219 5 712 1 967 3 16.7 1 00 5
BOONE 270 94 14 29 1 00 1 00 1395 3 606 1 1000 1 00 1 00 5
BOONE 65 94 20 30 1 01 1 00 1312 5 589 3 984 1 283 3 0o 5
pouGLAs 510 94 18 34 3 00 1 00 1 704 1 296 S5 1000 1 00 1 00 5
NORRIS 300 91 38 51 5 D9 5 D2 S 30 5 57 2 :26 5 733 5 00 5
NORRIS 1250 91 28 41 3 05 3 01 3 844 1 72 5 966 3 667 S5 00 S
NORRIS 300 92 30 60 5 05 3 01 3 349 5 609 1 958 3 576 5 00 5
NORRIS 125.0 82 32 50 5 06 3 01 3 498 3 407 3 916 5 502 5 0.0 5
NORRIS 300 83 34 69 5 08 S D1 3 4168 3 520 3 8535 6 778 &5 00 §
NORRIS 125.0 893 22 44 3 04 3 01 3 524 3 462 3 986 1 61 1 00 5
NORRIS 300 94 30 47 3 06 3 02 5 485 3 462 3 948 3 633 S 00 S
NORRIS 125.0 94 36 58 5 08 5 05 5571 3 374 5 948 3 533 5 00 5
SOUTH HOLSTON 625 93 22 31 3 02 1 00 1241 5 665 1 957 3 349 3 00 S
SOUTH HOLSTON 625 94 14 28 1 00 1 00 1368 3 631 1 1000 1 00 1 00 5
TIMS FORD 150.0 93 12 21 1 01 1 01 3 696 1 446 3 991 1 117 1 03 1
TiMS FORD 150.0 84 12 11 1 01 1 01 3 80 1 500 3 1000 1 : i i R T



Table 3 (Cont'd)

Interior Plateau Tributary Reservoirs——Forebays

RESVORNA MILE YEAR SCCRE TAXA LONGL EPT PCHIR PTUBI DOMN TOTNONCT ZEROS
FOREBAY

BEAR CREEK 750 91 16 24 1 02 +3 ;02 ;3 6830 1 ¢238 ¢ BEA 1 241 1 0.3
BEAR CREEK 750 83 32 46 5 p@5 ;5 ;04 £3 706 124 g5 BB 5 458 3 00 5
BEAR CREEK 75.0 84 24 3.8 +3 a84 +1 03 3 73 1 98 5 853 3 332 3 00 5
BEECH LAKE 36.0 93 30 52 5 .03 3 03 3759 1 144 5 948 3 817 5 30005
BEECH LAKE 360 94 30 51 »5 (03 £3 83 3 BERY 1 85 5 &Ly 3 933 5§ =0055
CEDAR CREEK 250 91 14 2 1 ;083 $3 ;03 3 B2 3 B30 it 262 1 2 | £ S o)
CEDAR CREEK 252 93 24 30 3 402 3 b2 £3 453 3 ub16 2 934 3 283 1 004285
CEDAR CREEK 252 94 38 50 o5 06 5 ;07 5 50:0 3 p297 5 872 S 1283 5 0ObBIaS
LITTLE BEAR CREEK 123 9N 24 2% 3 pbB3 ;3 B4 3 G4 5 YO8 4 Sem 1 S00 3 00 5
LITTLE BEAR CREEK 125 93 22 28 3 402 23 pb2 §3 W 5 853 ¥ 978 1 17 1 00 5§
LITTLE BEAR CREEK 125 94 24 32 .3 404 (3 g05 53 1899 5 gf0 g 9RO 1 = ineils TS
LITTLE BEAR CREEK Q* 125 94 28 36 A 03 3 02 53 B T gi66 . 944 3 700 5 00 5
NORMANDY 2495 93 10 14 A 81 1 200 =1 469 3 BRI i 996 1 50 1 03 1
NORMANDY 2495 94 16 20 4 200 4 00 1 340 3 622 B 95 1 33 1 00 5

O* = Identifies a rerlicate set of samples for QA purposes



Section 5. Fish Community

Philosophical Approach/Backeround

Many of the same considerations discussed for the benthic macroinvertebrate community
(Section 4) 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 monitoring programs because they are important to the
aquatic foodweb and because they have long a life cycle which allows them to integrate conditions over
time. In streams fish community monitoring has often been found to reflect environmental degradation
when physical and chemical monitoring have failed to do so. Fish are also important to the public for
aesthetic, recreational, and commercial reasons.

Reservoir fish communities are be vastly different from that in the river prior to impoundment
due to significant habitat alterations. Also, substantial differences are expected along a longitudinal
gradient with a more riverine community expected at the upper end or inflow of a reservoir and a more
lacustrine community expected in the pool near the dam. Other factors to consider in evaluating biotic
communities 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.

All these factors, plus the fact that a reservoir is an artificial system, must be considered in
selecting community characteristics or expectations that will be used to evaluate aquatic resource
conditions. Given that reservoirs are artificial systems, 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, IBI specifies reference conditions should be
developed from natural, 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. As stated above, preimpoundment conditions are
inappropriate due to significant habitat alterations. Like benthic macroinvertebrates, the state of the
understanding of fish communities in reservoirs simply is insufficient for models to effectively prediét
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 professional judgment as the best approach. Use



of best observed conditions requires an extensive database to determine metric expectations, and use of
professional judgment to adjust scoring ranges requires substantial experience with the group of
reservoirs under consideration. To use this concept results in the data base which approach desired
conditions for a given community characteristic are considered representative of best observed
condition. Monitoring results falling within that range would be considered “good”. Details of this
approach to developing reference conditions are provided latter 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 reservoirs for
which similar communities would be expected should be compared--those in the same ecoregion with
comparable physical characteristics. Hence, separation of reservoirs into appropriate classes is a
critical step.

TVA’s monitoring program includes 30 reservoirs. For classification purposes 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.

Run-of-the-River Tributary Reservoirs:
Reservoirs Ridge and Vallev Ecoregion
Kentucky Cherokee
Pickwick Fort Patrick Henry
Wilson Boone
Wheeler South Holston
Guntersville Norris
Nickajack Douglas
Chickamauga
Watts Bar
Melton Hill
Tellico Tributary Reservoirs:
Fort Loudon Blue Ridge Ecoregion

Fontana

Tributary Reservoirs: Hiwassee

Interior Plateau Ecoregion Chatuge
Bear Creek Nottely
Cedar Creek Parksville
Little Bear Blue Ridge
Normandy Watauga
Beech

Tims Ford



Sample Collection Methods

Shoreline electrofishing samples were collected during daylight hours from inflow,
transition, and forebay zones of most reservoirs during autumn (September to mid-November
1994). Only one or two zones were sampled on reservoirs where zones were indistinguishable.

No inflow zones were sampled in tributary reservoirs during 1994 because environmental quality of
major inflow streams was addressed using Index of Biotic Integrity (IBI) techniques in the free
flowing portion upstream of the impoundment. Location of collection sites in 1994 are identified in
Table 1

A total of 15 electrofishing transects, each covering 300m of shoreline, was collected from
each of the sampled zones. All habitats were sampled in 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
12.7cm) were set for one overnight period in forebay and transition zones. Excessive current
prevented use of gill nets in mainstream inflow areas limiting sampling to only electrofishing in
these locations. Nets were set in all habitat types, alternating mesh sizes toward the shoreline
between sets.

Total length (mm) and weight (g) were obtained for all sport species and channel catfish.
Remaining species captured were enumerated prior to release. During electrofishing, fish observed
but not captured were included if positive identification could be made and counts were estimated
when high densities of identifiable fish were encountered. Young-of-year fish were counted
separately and, as in stream IBI calculations (Karr 1981), were excluded from proportional and
abundance metrics due to sampling inefficiencies. - Only fish examined closely as a result of
obtaining length and weight measurements were inspected externally for signs of disease, parasites,
and anomalies. Other species groups often included several individuals which 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 management program) were included as an anomaly.

Data loggers were used to record all sampling results.

Reservoir Fish Assemblage Index

The current RFAI uses 12 fish community metrics from 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 of piscivore species--Higher diversity of piscivores is indicative of
better quality environment.

3. Number of sunfish species--Lepomid sunfish (excludes black basses, crappies,
and rock bass) are basically insectivores, and high diversity of this group is
indicative of reduced siltation and 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 proportions of individuals tolerant of
degraded conditions.

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 sensitive to
environmental stresses due to their ability to vary their diets. As trophic links are
disrupted due to degraded conditions, specialist species such as insectivores
decline while opportunistic omnivorous species increase in relative abundance.

9. Percentage of individuals as insectivores--Due to the special dietary
requirements of this group of species and the limitations of their food source in
degraded environments, proportion of insectivores increases with environmental
quality.

Reproductive Composition

10. Number of lithophilic spawning species--Lithophilic broadcast spawners spawn

over rocky substrate and do not provide parental care. This guild is expected to



be sensitive to siltation. Numbers of lithophilic spawning species increase in
reservoirs providing suitable conditions reflective of good environmental quality.

Abundance

11. Total catch per unit effort (number of individuals)--This metric is based upon

the assumption that high quality fish assemblages support large numbers of
individuals,

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 incidence indicating poor environmental
conditions.

Establishing scoring criteria (reference conditions) by trisecting observed conditions
requires a substantial data base for each class of reservoir and assumes the data base contains
reservoirs with conditions ranging from poor to good for each metric. The smaller the number of
reservoirs within a class, the less likely these assumptions can be met and the greater the need for
sound professional judgment based on extensive knowledge of reservoir communities being
studied.

Because some reservoir classes contained relatively few reservoirs, the approach used to
develop scoring criteria for RFAI was to include all sampling results from Vital Signs monitoring
(1990 - 1994). A slightly different approach was used for species richness metrics than for
abundance and proportional metrics. For species richness metrics, a list was made of all species
collected from comparable locations within a reservoir class from 1990 - 1994. This species list
was adjusted using inferences of experienced biologists knowledgeable of the reservoir system,
resident fish species, susceptibility of 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 sampling location 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 from zero to 95% of
the maximum was trisected to provide the three scoring ranges (good, fair, and poor). Although

even 95% of the maximum number of species at a site would not be expected to be collected in one
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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 professional judgment. 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 2.

To develop metric scores for taxa richness, reproductive composition, and fish health
metrics, electrofishing and experimental gill net sampling results were pooled prior to scoring. For
abundance and proportional metrics, electrofishing and gill netting results were scored separately,
then the two scores averaged to arrive at a final metric value. These scoring criteria separated sites
into three categories assumed to represent relative degrees of degradation. Sample results are
compared to these reference conditions and assigned a corresponding value: good = 5; fair = 3;
and poor = 1.

The sum of the 12 metric ratings constituted the RFAI score. To arrive at an evaluation of

the condition of the fish assemblage at a sample location, scores were evaluated as follows:

RFAI Score 12-21 22-31 3240 41-50 51-60
Community Condition Very Poor Poor  Fair Good Excellent

The contribution of the fish community results for each sample site to the overall reservoir

Ecological Health Index was as follows:

RFAI Score 12-21 22-31 32-40 41-50 51-60
Contribution to Reservoir 1 2 3 4 5
Ecological Health Index

One further use of these results is in TVA’s annual report to the public on the conditions of
Tennessee Valley reservoirs. In this publication, titled Riverpulse, 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 dividing the RFAI scores into three ranges as follows:

RFAI Score 12-28 . 29-44 45-60
Color (Rating) in RiverPulse  Poor (Red) Fair (Yellow) Good (Green)



Results from 1994 Monitoring

RFAI scores for 1990 through 1994 are summarized by reservoir class and type of location in
Table 3. (Note that 10 electrofishing runs were used in 1990 - 1992 rather than the 15 used in 1993

and 1994.) Appendix A summarizes results and ratings for individual metrics and final RFAI scores

for each sample location based on 1994 data. Appendix B provides mean catch per effort by species

for electrofishing and gill netting efforts at each location in 1994.

Approximately 20 percent of all sampling locations were revisited for Quality Control

purposes. All together, 12 randomly selected sites were revisited by a second sample crew several

days or weeks after the initial sampling to collect a second set of samples. A RFAI score was

developed separately for each of the two sample sets. The desired maximum difference between the

RFAI score from the original sample and the QA sample set was 10. A difference greater than this

would cause the rating to change 2 categories (e.g., very poor to fair, fair to good), which was deemed

unacceptable. Results for each set of repeat samples are provided below.

Run-of-the-River Reservoirs
Forebays
Chickamauga
Nickajack

Transition Zones
Chickamauga
Kentucky

Inflows
Pickwick

Embayments
Hiwassee (on Chick. Res.)

Tributary Reservoirs
Forebays
Parksville
Blue Ridge
Little Bear

Upper
Watauga

Hiwassee
Nottely

QOriginal Score
36 (Fair)
40 (Fair)

36 (Fair)
40 (Fair)

42 (Good)

42 (Good)

37 (Fair)
36 (Fair)
46 (Good)

30 (Poor)
34 (Fair)
31 (Poor)

QA/QC Score
36 (Fair)
38 (Fair)

46 (Good)
40 (Fair)

44 (Good)

39 (Fair)

33 (Fair)
37 (Fair)
49 (Good)

32 (Fair)
33 (Fair)
34 (Fair)

Difference

Py

[—



The maximum observed difference was 10 (1 sets of samples) and the minimum was 0 (2 sets
of samples). The mean difference for all reservoirs was 2.58. The 95% confidence interval around the

mean would be 0.8 to 4.3, well below the desired level of 10.
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