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MONITORING, MlTIGATION I ASSESSIIENT 

Use of a Fish Bioenergetics Model to Evaluate Effects 
of Dissolved Oxygen Mitigation at Norris Dam 1 

Lisa H. Chang 1 and Sigurd W. Christensen 
Oak Ridge National Laboratory 

Oak Ridge, Tennessee 

The management of tailwater fisheries, 
aquatic ecosystems, and hydropower can have 
conflicting objectives. For example, the 
installation and operation of hydroelectric 
facilities affect downstream biological 
resources by changing flow regimes, 
temperatures, and water quality. Special 
interest groups vigorously support and 
promote each of these resources: tailwater 
sport fisheries, which enhance the economic 
and cultural life of a region; natural aquatic 
ecosystems, which contribute to biological 
diversity; and hydroelectric power, which can 
boost economic growth. Conflicts among 
these interests may multiply in the next 3 
years as the licenses of hundreds of 
hydroprojects in the nation expire and 
applications for relicense are evaluated for 
renewal. 

When the physical costs to each resource can 
be presented in quantitative terms and the 
basis on which these costs are determined is 
available to review, all parties can benefit 
because many different solutions can be 
examined and their consequences quantified. 
This paper shows how a fish growth model 
influenced by environmental conditions such 
as water temperature and dissolved oxygen 
concentrations can be used to generate 
information about the costs and benefits of 
different hydropower development and 
mitigation scenarios. Models can provide 
defensible, objective, and accessible insight 
into outcomes of different development, 

mitigation, or non-development decisions. 
This research is conducted as part of the 
Environmental Mitigation Study of the U. S. 
Department of Energy's Hydropower 
Program. 

METIIODS 

Models of Bioenergetics 

Growth integrates all the environmental 
factors acting on an organism (Adams and 
McLean, 1985). Models of environmental 
factors affecting physiological functions can 
be useful for evaluating different 
environmental scenarios on fish growth. 
Bioenergetics models are examples of such 
models. Food ingested by an organism is 
used in metabolic processes, lost as wastes 
(excretion or egestion), or synthesized into 
new tissue. Food, metabolism, wastes, and 
tissue can be expressed in a common metric 
such as units (or rates of change) of energy, 
biomass, carbon, or nitrogen. A bioenergetic 
budget can be constructed of the distribution 
of the energy content in food into the energy 
used in metabolic processes, lost as wastes, or 
gained as new tissue (Adams and Breck, 
1990). The study of the rates at which 
organisms ingest, use, transform, and lose 
energy is bioenergetics; the energy budget of 
an organism is known as the bioenergetic 
budget. Fishery biologists have used the 
bioenergetic approach to estimate fish growth 

1 Research sponsored by the Office of Utility Technologies, Wind/Hydro/Oceans Division, of the U.S. 
Department of Energy, under contract DE-ACO5-840R21400 with Martin Marietta Energy Systems, Inc., and by 
an appointment to the U.S. Department of Energy Laboratory Cooperative Postgraduate Research Training 
Program administered by Oak Ridge Associated Universities. 

2 Oak Ridge National Laboratory, Environmental Sciences Division, P.O. Box: 2008, MS-6036, Oak Ridge, TN 
37831-6036 (615/574-7298). 
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SURFACE WATER I 

COMPARISON OF CONTAMINANT CONCENTRATIONS 
ON SURFACE SEDIMENTS AND IN SURFACE WATER 

IN WHITE OAK CREEK EMBAYMENT 

C. J. Ford ' and B. G. Blaylock 
Oak Ridge National Laboratory 2 

Oak Ridge, Tennessee 

D. E. MIiier 
Automated SCiences Group 

Oak Ridge, Tennessee 

Department of Energy activities at oak Ridge 
National laboratory have released 137Cs and 
other contaminants to White Oak Creek 
which drains directly int.o the Clinch River 
and Watts Bar Reservoir. The largest annual 
releases occurred in the mid-1950s, but have 
been significantly reduced since the 1960s. 
Contaminated sediments have accumulated 
in the White Oak Creek Embayment 
(WOCE), an arm of Watts Bar. Highly 
contaminated sediment, containing 187Cs level 
corresponding to peak release values, had 
been buried deep in embayment sediments. 
However, recent sediment data show that 
these high 137Cs levels are now observed at 
the sediment surface. This study, performed 
in order to further characterize 
contamination of WOCE sediments and 
surface water, is part of the site 
characterization and contaminant screening 
study for WOCE. 

Sediments in WOCE are uncontrolled, subject 
t.o erosion and transport processes. Available 
data suggest that less contaminated material 
has been gradually resuspended into the 
water column and transported downstream, a 
process influenced by storm events and rapid 
changes in water level associated with 
reservoir operations. 

Hydrodynamic conditions at the WOCE 
mouth change rapidly over short time periods 
(minutes). If daily water level fluctuations 
are the dominant transport process, 
contaminant concentrations in out-flowing 
water should correspond to those observed on 
upstream surface sediments. However, 
contaminant concentrations in these water 
samples vary from nondetectable, to 
comparable with surface sediment values. 
These results suggest that transport of 
contaminated surface sediments out of 
WOCE may be most influenced by st.orm 
events. 

1 Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, Tennessee 37831-6036 (615/674-7319). 

2 U.S. Department ofEnergy under contractDE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc. 
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GROUNDWATER QUAUTY 

INVESTIGATIVE STRATEGY TO DETERMINE THE 
EXTENT AND RATE OF CONTAMINANT TRANSPORT IN A 

STRIKE-DOMINATED KARSTIC FLOW SYSTEM 

Kenneth C. Black ' and James £ Wedeklnd 
Environmental Consulting Engineers, Inc. 

Knoxville, Tennessee 

Karst development associated with solution 
voids which follow structural weaknesses is 
common within the strike belts of carbonate 
·rocks in the Tennessee Valley. The 
movement of contaminants and groundwater 
through faulted, fractured and solution
weathered carbonate rock is poorly 
understood and is most strongly influenced 
by the orientation of the most prevalent 
deformational features. Traditional methods 
of positioning monitoring wells in such 
environments will not produce a realistic 
portrayal of the extent of groundwater 
contamination unless a detailed 
understanding of the structural framework of 
the aquifer is obtained. Careful analysis of 
regional geologic trends must be considered 
in conjunction with site specific hydrologic 
and subsurface data to design a 
representative monitoring network. 

A monitoring well network was needed at a 
landfill site in the Valley and Ridge of 
northeast Tennessee suspected of 
contaminating several nearby springs and 
domestic wells. The landfill is located on the 
northwest limb of an asymmetric, fault
bounded syncline, upon the clayey residuum 
of the lower Knox Group. Numerous bedrock 
exposures in the site vicinity revealed the 
fractured nature of the limestone and 
dolostone, as well as several cave openings. 
Deformational features observed in the 
bedrock are related to nearby northeast
southwest trending thrust faults, and include 
intricate folding, fracturing, and tear faults 
which are typically oriented perpendicular to 
strike. Sinkholes, dolines, and caverns in the 
vicinity appear to be oriented along strike, 

probably due to solution along structural 
weakness associated with bedding-parallel 
slip developed during folding. A thorough 
understanding of the relationships of these 
structural features was required in order to 
develop a reasonable understanding of the 
direction(s) of groundwater movement, and 
thus contaminant transport, to maximize the 
effectiveness of the monitoring network. 

Relatively few studies have addressed the 
flow of groundwater through karst 
environments in which the dominant conduit 
system is largely controlled by geologic strike. 
This study presents a systematic approach to 
such a system which included field mapping, 
dye tracer studies, geophysics, and 
monitoring groundwater elevations 
concomitant with rainfall data. Synthesis of 
the data produced a conceptual model for 
contaminant transport, and established a 
reliable monitoring network for the landfill. 

Field Surveys 

Field reconnaissance of the area around the 
landfill allowed an understanding of the local 
hydrogeology and the location and geometry 
of the cave systems. A series of springs, 
located in water gaps located both southwest 
and northwest of the landfill, were the 
apparent local discharge points for 
groundwater. Three caves were explored 
within the watershed and found to be 
developed by solution of the carbonate rock 
along bedding. Two of the caves were found 
to lie along strike of one another, with a 
portion of the landfill located between them. 

1 Environmental Consulting Engineers, Inc., P.O. Box 22668, Knoxville, Tennessee 37933 (615/966-6622). 
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SURFACE WATER II 

ASSESSMENT OF NITRATE EXPORT FROM A 
IDGH ELEVATION WATERSHED 

Ellen M. WIiiiams 1 and Stephen C. Nodvln 
University of Tennessee 
Knoxville, Tennnessee 

Nitrate leaching from forest soils can be 
detrimental to both the forest ecosystems and 
stream water quality. Nitrate moving 
through the soil transports plant nutrients 
and acidifying agents, hydrogen and 
aluminum, and can export them to streams. 
In the high elevation spruce-fir forests in the 
Great Smoky Mountains National Park 
(GRSM) nitrate has been found to be leaching 
from the rooting zone. Streams associated 
with these ecosystems are poorly buffered. 
Therefore rapid export of nitrate from the 
soils to the streams could lead to episodic 
acidification. The purpose of the Noland 
Divide watershed study is to assess the levels 
of nitrate export from the watershed to the 
streams and the potential impacts of the 
export to the ecosystem. 

From 1986-1989, the Integrated Forest Study 
conducted by Oak Ridge National Laboratory 
monitored atmospheric inputs to forest sites. 
Their findings demonstrated that at the 
Noland Divide site in GRSM 1) there are 
very high atmospheric influxes of nitrogen, 2) 
that the soils are nitrogen saturated and 3) 
as a result of 1 and 2, nitrate is leaching out 
of the rooting zone. (Lindberg and Johnson, 
1988) The acid soils were found to hold soil 
solutions with free aluminum concentrations 
approaching toxic levels (Johnson et al., 
1989). These results indicated considerable 
sources of acidification for the watershed. 

The large quantities of hydrogen ions and 
aluminum present in these acid soils are 
mobilized by nitrate. These cations are 
thenrapidly transported out of the forest 
system and deposited to the stream where 
they acidify the water (Tamm, 1991). During 

winter or drought periods, large amounts of 
nitrate can accumulate in the soil to then be 
released during a rain event, causing episodic 
stream acidification (Figure 1) (Foth H.D. 
1990). 

Of concern for the Great Smoky Mountains is 
that through predicted ecosystem changes, 
nitrate fluxes will increase, there by 
exacerbating the water quality hazards. 
Currently the spruce and fir forest is in 
decline. The Balsam Wooly adelgid has 
decreased the fir basal area by greater than 
30% and emaciated the remaining live 
crowns (Busing, 1988). Spruce has exhibited 
declining growth trends in both ring size and 
crown health during the last 20 years 
(Adams et al., 1990; Durr, 1990). 
Furthermore, soil warming due to fir canopy 
decline and global climate change may 
accelerate the nitrification of plant materials, 
enhancing the accumulation of nitrate in the 
soil. Finally, continued atmospheric 
deposition of nitrate contributes to the 
accumulation in the soil. 

The Noland Divide Watershed Study is 
addressing several concerns for water 
quality and nitrogen cycling. The objectives 
of the study are: 

1) To assess the flux of nitrate and 
- aluminum through the watershed 

2) To assess the current and potential 
impacts of acidification to the stream 
resulting from episodic events. 

3) To develop a more complete view of the N 
process occurring below the rooting zone. 

1 University of Tennessee, 274 Elington Hall, Forestry, Knoxville, Tennessee 37901-1071. 
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SURFACE WATER II 

The Site 

The study site is located a 1695m, 5660 ft on 
Noland Divide near Clingman's Dome in 
GRSM. The watershed area is about 17 ha. 
Water movement from the watershed is via 
two braided streamlets. The area is 
underlain with Thunderhead Sandstone of 
the Great Smoky Group (King et al. 1968) 
The soils are weakly developed existing in 
humid, moist climates and are acidic ranging 
from 3.8 in the A horizon to 4. 7 in the B.,.3 

(Johnson et al, 1989). 

Old-growth Red Spruce (Picea rubens) 
dominate the overstory with some mature 
Yell ow Birch (Betula alleghaneinsis). A 
dense understory vegetation is composed of 
Fraser Fir (Abies Fraseri), Red Spruce, 
blackberry (Rubus canadensis L.). witch 
hobble (Viburnum alnifolium Marsh.), 
blueberry (Vaccinium erythrocarpum Michx.). 
sorbus (Sorbus americana (Marsh.) DC), and 
Rhododendron (Rhododendron maxima) 
(Johnson et al, 1989) 

Previous research conducted in GRSM 
revealed that stream chemistry is strongly 
related to the forest soil chemical properties 
and that nitrate and aluminum can strongly 
contribute to changes in stream pH (Silsbee 
and Larson, 1981). Accordingly GRSM 
streams were fowid to experience episodic 
acidification events (Olem, 1986; Cook et al., 
1990) 

The Methods and Equipment 

Nitrogen fluxes in the watershed are being 
evaluated through regular collection and 
analysis of precipitation, soil solution and 
stream water samples. Precipitation and soil 
solution sampling are a continuation of 
collections begun by the Integrated Forest 
Study. Precipitation collectors are located in 
both an open site, without canopy cover, and 
a throughfall site, under the canopy. 
Precipitation samples are being collected 
twice weekly and analyzed for pH and 
conductance. Weekly samples are sent to a 
laboratory for analysis of major cations and 
anions. Rainfall data is also gathered twice 
weekly from bulk collectors and chart 
recorders. 

Fourth Tennessee W,ter Resourca Symposium 

Soil solutions are being collected through 
tension lysimeters at three depths in the 
throughfall site, underneath the forest floor, 
the A and the B horizons. Solutions samples 
are being taken monthly and analyzed for 
pH, conductance, and major cations and 
anions. Soil temperatures are also read 
monthly for the same depths. 

Stream chemistry and discharge are being 
gauged continuously and stream water 
samples are being collected weekly. Using 
several discharge equations, we estimated the 
low flow and peak flow for the two 
streamlets. A 3 foot H-flume was selected as 
the most appropriate gauging device because 
of the wide range of flows it accurately 
measures and its "self cleaning" properties. 
Stream chemistry is being monitored with a 
Hydrolab H20, a data transmitting water 
quality monitor. Temperature, conductance, 
and pH are being continuously measured 
through the H20 and the data are 
transmitted and stored in a datalogger. This 
system will provide records of episodic 
changes in stream chemistry related to storm 
events. Weekly stream samples are being 
collected and analyzed for major cation and 
anions. 

Results and Discussion 

Results from the precipitation and soil 
solution samples are comparable to previous 
findings from the IFS study. Precipitation 
samples show low pH, 3.9 - 4.9. Soil 
solutions also display low pH, 3.8 - 4.7, and 
high levels of nitrate and aluminum. Nitrate 
is continuing to export from the rooting zone. 
Consequently, preliminary analyses of 
Noland creek stream water bear out 
expectations of high nitrate levels. Stream 
samples collected after a January snow melt 
showed nitrate (57µeq/L) and sulfate 
(36µeq/L} as the predominate anions 
(Figure 2). These concentrations are 
relatively high when compared to other 
stream systems. Stream sampling and 
discharge monitoring were initiated during 
summer of 1991, therefore further results are 
not yet available, but earliest findings will be 
reviewed in the presentation. 
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SURFACE WATER II 

NORTH MOUSE CREEK WATER QUALITY STUDY 

11/chael A. Elffe 1 

Environmental Consulting Engineers, Inc. 
Knoxville, Tennessee 

Background 

North Mouse Creek is located in southeastern 
Tennessee. It flows generally north to south, 
and drains an area of 93.7 square miles (sq. 
mi.) at its confluence with the Hiwassee 
River. An intensive water quality survey was 
performed on the reach between creek miles 
26.6 and 18.4 in the summer and fall of 1989. 
The drainage area in this study reach 
increases from 35.0 to 48. l sq. mi. Most of 
the land in the North Mouse Creek valley 
within and upstream of the study area is 
used for agriculture. The Creek is therefore 
primarily impacted by runoff from non-point 
sources. A small portion of the contributing 
watershed within and near the City of 
Athens and the town of Niota has undergone 
urban development. 

The intent of the study was to determine the 
assimilative capacity of North Mouse Creek. 
The study consisted of conducting intensive 
field sampling activities in order to collect 
data for calibrating a water quality model of 
the creek. The calibrated model was then 
used to determine the capacity of the creek to 
assimilate waste loads from a proposed 
sewage treatment plant. 

Dissolved Oxygen Cycle 

The most critical factor in assessing the 
current and expected future water quality of 
North Mouse Creek is the concentration of 
dissolved oxygen (DO) in the water. As such, 
the field surveys conducted during the study 
were intended to identify and measure the 

parameters having the greatest impact on the 
DO cycle. 

The primary natural source of DO for a 
stream is the absorption of atmospheric 
oxygen or reaeration. The reaeration rate 
coefficient K2 is primarily a function of the 
hydraulic characteristics and temperature of 
the stream. Because of the importance of 
stream reaeration, and because of the 
variability of the theoretical, empirical, and 
semi-empirical methods which can be used to 
estimate K2, reaeration in North Mouse 
Creek was measured in the field using a 
variation of the USGS steady-state propane 
gas tracer method. 

There are currently three primary sources of 
oxygen depletion in North Mouse Creek: 1) 
the oxidation of organic matter, known as 
carbonaceous biochemical oxygen demand 
(CBOD); 2) the benthic or sediment oxygen 
demand (SOD); and 3) the transformation of 
organic nitrogen to ammonia, nitrite, and 
finally to nitrate. A water quality sampling 
and analysis program was designed and 
implemented to measure both CBOD and the 
nitrogen parameters. SOD was measured 
directly in the creek using aluminum 
chambers designed by the EPA 

Algal biomass in a stream can also affect the 
concentration of dissolved oxygen. Algal 
respiration depletes oxygen, and algal 
photosynthesis produces oxygen. Analysis of 
diurnal DO data and the water quality 
samples from North Mouse Creek produced 
little evidence of algal activity, therefore, the 
algae cycle was not included in subsequent 
modeling efforts. 

1 Environmental Consulting Engineers, P.O. Box 22668, Knoxville, Tennessee 37933 (615/966-6622). 
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