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and predict low flows on the river as well as to predict potential water quantity and water
quality impacts. In addition to potential impacts on the river biota, the water quality can
also directly impact the operational cost and efficiency of those water treatment facilities
that use the Kentucky River as a water supply source.

To effectively manage such a system it is imperative that the authority have some
method to predict the associated water quality impacts. The Kentucky Division of Water
currently collects both ambient and compliance-based water quality data in the basin that
provides some information for management purposes. In addition, the Kentucky River
basin was a pilot study site for the USGS National Water Quality Assessment (NAWQA)
program (1986) and some initial baseline information has been developed and
documented. Unfortunately, such information is generally insufficient for evaluating the
impacts of short-term or real-time management decisions. One way to circumvent this
data deficiency is through mathematical modeling. The development of a water quality
model;of the Kentucky River will allow water resource managers and interested parties to
evaluate a wide range of operational questions. These include the following;

¢ Can flows in the Kentucky River be reduced below the 7Q10 without violating the
minimum dissolved oxygen requirements?

o Will release valves retrofitted to the dams along the Kentucky River improve water
quality?

¢ What will be the magnitude of dissolved oxygen problems in the Kentucky River in
the year 20207 Will the use of valves improve the situation?

e What withdrawal rates significantly reduce the residence time of water in a pool of
the Kentucky River during extreme low-flows?

e Will reducing the residence time of water in the Upper Kentucky River Basin impact
the Lower Kentucky River Basin algal growth problem?

e How much can the algal growth be reduced in different pools of the Kentucky River
Basin by reducing treated wastewater effluents? .... Untreated?

e How much algae can the different pools of the Kentucky River sustain without
violating water quality standards for oxygen?

1.1 Project Overview

This report provides the results of a water quality modeling study of the Kentucky
River. This study was authorized by the Kentucky River Authority (KRA) in a contract
with the Kentucky Water Resource Research Institute dated October 1, 1996. The CE-
QUAL-W2 computer model was used in performing the study. The purpose of the study
was to assess the potential water quality impacts of various management strategies (e.g.,
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valve operations) for the 1930 drought of record for projected water demands for the year
2020. With the use of valves in the 1930 simulation, water consumption from the pools
is allowed to continue to levels below dam crest level. This inherently effects the water
quality of the pools. To predict the water quality impact associated with such operations,
a mathematical model of the river has been developed. Prior to an evaluation of the
impacts of the management strategies, the developed model was first calibrated using
data associated with the 1988 drought.

This report is divided into six chapters. Chapter one provides an introduction to
the study, as well as examining previous studies. Chapter two provides an overview of
the general water quality of the Kentucky River. Chapter three provides an introduction
to CE-QUAL-W2, while chapter four contains a discussion of the model calibration.
Chapter five provides a summary of the results of the 1930/2020 simulations. Finally,
chapter six contains a summary of the results of the study along with conclusions and
recomimendations.

1.2 Physical Description of Study Area

The Kentucky River Basin extends over much of the central and eastern portions
of the state and is home to approximately 710,000 Kentuckians. The watershed includes
all or part of 42 counties and drains over 7,000 square miles with a tributary network of
more than 15,000 miles. A map of the watershed is shown in Figure 1.1. Three forks,
the North, South, and Middle, form the headwaters of the Kentucky River. These forks
combine near Heidelberg and drain over 1/3 of the basin. The river reach extending from
the union of the three forks near Heidelberg downstream to the river’s mouth at the Ohio
River near Carrollton, Ky. is commonly referred to as the main stem of the river. The
main stem is approximately 254 miles long and is divided into fourteen contiguous pools
by a series of locks and dams. These locks and dams, originally established for
navigation, now serve to impound the river for the 575,000 Kentucky residents that rely
on the river as their primary water supply. The pools created by the lock and dams
provide a year-round water supply to the surrounding municipalities, industries, and
riparian farmers. A map of the lock and dam system is shown in Figure 1.2.

Four major impoundments exist in the basin that affect water supply. The Corps
of Engineers owns and operates two flood-control reservoirs in the headwaters of the
Kentucky River. The larger of the two reservoirs, Buckhorn Lake, has a total storage
capacity of 54,783 million gallons (MG) and impounds approximately 10,500 MG at
seasonal pool. The smaller reservoir, Carr Fork Lake, is roughly 2/7 the size of Buckhorn
Lake, and impounds 7500 million gallons at seasonal pool. While Buckhorn and Carr
Fork are not water supply reservoirs, they augment flows in the river during low flow
periods. A third impoundment, Herrington Lake, exists on the Dix River, a major
tributary located in the middle of the basin. Herrington Lake is owned and operated by
Kentucky Utilities for hydropower generation and has no release obligation during
drought periods. The fourth major impoundment in the basin is Jacobson Reservoir, a
pump storage facility used exclusively for water supply. Water from the Kentucky River
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is pumped into Jacobson during wet periods and used to augment water supply during dry
and peak periods. Jacobson is owned and operated by Kentucky American Water
Company, the largest water supplier in the river basin.

Cincinnati, Ohio

Louisville, Kentucky -

Tennessee

Figure 1.1 Map of the Kentucky River Basin

The climate of the basin is moderate and humid. The annual mean temperature is
56 degrees F, with a mean low of 25 degrees F (January) and mean high of 81 degrees
(August). Average annual rainfall is 46 inches, with the northern part of the basin
receiving slightly more rainfall than the southern part. The wettest month of the year is
March, and Qctober is typically the driest. On average, 28 percent of rainfall results in
surface runoff, while nine percent recharges the ground water. Surface runoff is greater
in the Eastern Coal Region and groundwater recharge is greater in the Bluegrass Regions
due to Karst features. Stream flow varies greatly across the physiographic regions and
with season. Karst features heavily influence these patterns. For example, stream flow in
the Bluegrass Regions consists of flowing and dry (sinking creeks) stretches. The
average annual flow for the streams across all physiographic regions is 1.4 cubic
feet/second per square mile. However, during hydrologic extremes, flows vary greatly
across the basin. Unit peak flow in the basin varied from 344 cubic feet per second per
square mile to 18.3 cubic feet per second per square mile (Haag and Porter 1995). The 7-
day, 10-year low-flow ranged from zero to 3.7 cubic feet per second. There are 15 man-
made reservoirs in the basin. These reservoirs (total surface area of 6,530 acres and
286,000 acre-ft total volume) are operated for flow control and low flow augmentation.
These operations tend to moderate pre-impoundment flow extremes. The main stem of
the Kentucky River is also highly regulated, having a series of 14 locks and dams (Smoot
et al., 1991, Haag and Porter 1995).
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Figure 1.2 Map of the Kentucky River Lock and Dam System
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Population and landuse vary in the Kentucky River Basin. Population is
concentrated in a few counties (Fayette, Madison, Jessamine, Scott, Franklin, Clay and
Perry). Lexington is the major urban center. Other centers include Carrollton, Frankfort,
Georgetown, Danville, Richmond and Hazard, The 1990 Census estimated the Basin's
population to be 649,260. Landuse in the basin varies from upstream to downstream in
the river basin (Figure 1.1). The southern part of the basin is mostly forested, while the
central area consists of agricultural and urban landuses. The northern part of the basin is
a mixture of forested and agricultural landuses with interspersed urban areas. Basin
wide, 50 percent of the land is forested (heavily concentrated in the Eastern Coal Field
Region). Hardwoods (hickory and poplar) dominate the forests with about 10 percent
pines and eastern red cedar, and 40 percent of the basin is devoted to agriculture (mostly
the Inner and Outer Bluegrass Regions). Crops include corn, soybean, wheat and
tobacco. Livestock includes horses, dairy and beef cattle, poultry, sheep and goats.
About 25 percent of the State's coal is mined in the Eastern Coal Field Region, Limited
oil and, gas production occurs in the Knobs Region.

1.3 Summary of Previous Water Studies in the Kentucky River Basin

The following summarizes the previous studies performed on the main stem (or
parts thereof) of the Kentucky River. These four studies led to the current water quality
study.

1.3.1 Harza Deficit Study

In 1988, the Kentucky River Basin experienced a significant drought with water
shortages (of varying intensity) realized in 35 counties, and a state water emergency was
declared. The attention caused by the 1988 drought stimulated considerable public
concern as to the availability of water in the basin during a severe drought. In response to
growing public concern, a study was contracted with Harza Engineers to assist the
Kentucky River Basin Steering Committee, a predecessor of the KRA, in adopting a
long-range water supply plan. The purpose of the study was to quantify water-supply
deficits occurring in the basin under several different droughts and for current and
projected demand forecasts. A water-supply deficit was defined as the difference
between the water demand and the water supply when the water supply was less than
demand. Additionally, alternatives aimed at reducing or eliminating a design deficit were
to be developed and evaluated. The results of Harza’s deficit analysis were documented
in a 1990 report entitled Phase I Interim Report Water Demands and Water Supply
Yield and Deficit (Harza, 1990).

1.3.2 Harza Water Supply Study
Based on the results of the Phase I Report, Harza completed a second study that
resulted in a report entitled Preliminary Long-Range Water Supply Planning Study

for the Kentucky River Basin (Harza, 1991). The purpose of the study was to develop,
evaluate and recommend a long-range plan to provide for the projected water-supply
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deficits for the various communities/utilities and individuals who depend on the
Kentucky River for water supply. Twenty-seven alternative water-supply plans were
developed and evaluated for the Phase II study. All of the plans would prov:de for the
entire project deficit. Elements of the plans included:

1. Rehabilitation/reconfiguration of the Kentucky River Locks and Dams;
2. Small Upstream Reservoirs on Kentucky River tributaries; and
3. Pipelines from the Ohio River.

The Kentucky River plan included new dams at existing sites of Locks and Dams
and at new sites. Raising of pool-water levels by up to 15 feet and lowering of existing
water-supply intakes were considered. The Small Upstream Reservoir plan elements
included dams of 50 feet to 150 feet in height with storage volumes of 1.2 to 7.0 billion
gallons. Ohio River pipelines included pipelines from Maysville and Louisville with
capacmes of 40 million gallons per day (MGD) to 60 MGD and having lengths of 72
miles to 155 miles. The alternative long-range plans were developed by using single plan
elements capable of meeting the entire deficit and by combing smaller elements.

The recommended long-range water-supply plan was to develop two or three new
dams on the Kentucky River to store water for use during droughts. The new dams
would replace existing locks and dams or would be constructed at new sites. The sites
considered most favorable are existing Locks and Dams 10, 11 and 12, and two new sites
identified in the report as 10A and 12A, which are in the pools of the existing Locks and
Dams 10 and 12, respectively. Combinations of new facilities at these sites consistently
scored higher than all other alternatives.

The recommended plan was not the most cost-effective alternative. Alternatives
based on the Kentucky River were ranked higher than those based on Small Upstream
Reservoirs because the Kentucky River alternatives were expected to result in fewer
potential environmental, social and cultural impacts. On most other criteria, including
legal, administrative, operation and water quality, the alternatives were generally equal.

1.3.3 ESE Kentucky River Aquatic Study

In 1990, the Xentucky-American Water Company (KAWC) contracted
Environmental Science & Engineering, Inc. (ESE) to conduct a water quality/biota study
of the Kentucky River Basin. The study area was the set of pools located between lock
and dam # 10 and lock and dam # 4 (pools 9 through 4). This stretch is the most
populated 111 miles of the main stem of the river. ESE focused on the effect low-flow
scenarios (those below the 7Q10 flow) would have on water quantlty, water quality,
recreational users, downstream users, and aquatic life.

The ESE study implemented the use of a dynamic water quality model developed
by the U.S. Army Corps of Engineers called the Water Quality for River-Reservoir
Systems (WQRRS). Due to the lack of historical information, much of the data for the
ESE study was manufactured, and calibration relied heavily on the recommended
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coefficients of the user manual, Of the data available, United States Geological Survey
(USGS) river stage and flow were used for locks and dams 4, 6, and 10.

The ESE Kentucky River Aquatic Study provided three main recommendations.
The first recommendation was that the water quality in pools 9 and 6 be monitored when
the flowrates of pools 10 and 6 fall beneath 150 cfs. In particular, temperature and
dissolved oxygen measurements should be collected. The second recommendation was
that the stage at pool 9 should be continuously monitored, possibly through the
installation of a gauging station at lock and dam # 9. Finally, the report recommended
that a low-flow assessment on large aquatic animals be performed. The ESE water
quality report concluded that KAWC withdrawal permit for pool 9 could be increased
from 55 MGD to 62 MGD without significantly impacting the biota of the river during
short-term, low-flow conditions (i.e., 7Q10 flows for less than 30 days).

1.3.4 KWRRI Water Supply Study

Based on the results of the 1990 ESE study, Kentucky-American Water Company
applied for and. was granted a variance on the minimum flow requirement for pool 9 from
which it draws its water. Implementation of the variance could have directly impacted
the results of the original design deficit of the Harza study and thus affect the
recommendations of the Phase II report. In addition, the River Authority initiated several
capital construction projects on the lock and dam system that also had potential impacts
on the recommendations of the Phase II report. Because the need for additional capital
construction to enhance the available water supply in the basin was to be based on the
amount necessary to reduce the deficit, the Authority decided to initiate a reassessment of
the basin deficit that took into consideration these and other factors not considered by
Harza study. In April 1995, the Authority executed a contract with the University of
Kentucky Water Resources Research Institute to perform such a study.

As part of the KWRRI study, a comprehensive computer model of the river,
KYBASIN, was developed. Simuiations of water movement and exchanges in the
Kentucky River Basin were performed using this hydrologic routing model of the main
stem of the Kentucky River to identify the location and magnitude of water shortages
resulting from the imposition of two historical droughts. Simulations of the Kentucky
River Basin under the existing water supply system were performed for 1930 and 1953
drought conditions using KYBASIN. Water supply deficits for existing demand
conditions (i.e., 1994) and projected demands (i.e., 2000, 2010, and 2020) were predicted
by the model. For the 1930 drought and 2020 demand conditions, a design deficit of 9.7
billion gallons was predicted.

In applying the model to the Kentucky River system, it was determined that a
majority of the projected deficits (i.e., 6.7 billion gallons) could be eliminated through the
installation of low-level release valves in dams 4-14. Installation of such valves allows
for the 7Q10 requirement to be met even when flows over the in-river dams drop below
the associate minimum flow requirement thereby allowing withdrawals from the
upstream pools for water supply purposes. Currently, low-level release valves have been
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installed in dams 11-14. Flows through dam 10 and dams 8-4 can be regulated using
existing gate valves in the associated locks. A pump is needed to transfer flows past dam
9. As aresult, the Kentucky River Authority now has the capacity to maintain the 7Q10
flows on the river through the operation of these valves and associated hydraulic
structures. In addition, the Authority has considered the installation of temporary crest
gates on dams 9 and/or 10. The optimal operation of these facilities will be dependent
the ability of the KRA to monitor and predict iow flows on the river as well as to predict
potential water quantity and water quality impacts. In addition to potential impacts on
the river biota, the water quality can also directly impact the operational cost and
efficiency of those water treatment facilities that use the Kentucky River as a water
supply source.

Four primary water supply alternatives were evaluated for satisfying the
remaining 3.0 billion-gallon deficit in pool 9. These included: 1) Installation of
temporary crest gates on dams 9-14; 2) construction of a farge dam on the Kentucky
River, 3) construction of a smaller dam on a tributary to the Kentucky River, and 4)
construction of a treated-water pipeline from Louisville to Lexington. Of the alternatives
that were directly under control of its authority, the Kentucky River Authority decided to
pursue the use of the low level control valves along with the use of temporary crest gates
as the most viable and economically feasible alternative for augmenting water supply
during a severe drought. In support of these objectives, the Kentucky Water Resources
Research Institute (1997) was contracted to develop a water quality model (KYQUAL)
and perform an associated water quality study for the river basin. The initial focus of the
study was to identify possible water quality impacts associated with the operation of the
low-level release valves during a time of severe drought.
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CHAPTER 2
WATER QUALITY

2.0 Water Quality Problems

Water quality problems in the Kentucky River Basin affect fish and aquatic life

- but also affect human usage of the resource. As is true of many other waterways in the

U.S., many factors are contributing to the ongoing degradation of this resource (Fortner
and Schechter, 1996). Table 2.1 shows a list of water quality problems in the Kentucky
River Basin along with potential sources of pollution. Water quality data was compiled
from the USGS documents (Evaldi and Kipp 1991, Smoot et al., 1991, Carey 1992,
Griffin et al., 1994, Haag et al,, 1995, Haag and Porter 1995, Porter et al., 1995) on the
Kentucky River Basin.

2.1 Sources of Water Quality Problems

The source of the water quality problems in the Kentucky River can be traced to
inflows that have been modified due to historical activity in the basin. These sources
include, but are not limited to:

1) High organic loading from storm water, treated and untreated waste, sediment
oxygen demand, and groundwater;

2) Excessive algal nutrients, nitrogen and phosphorus from storm water, treated
and untreated waste, groundwater, and loss of riparian filtering (Fogle et al.
1994);

3) Storm water inflows, as well as illicit sewer discharges;

4) Lack of shading and impounding water, lack of natural water level fluctuation,
and

5) Unregulated and illegal discharges into the Kentucky River Basin, treated and
untreated waste, storm water and CSO discharges (Adams et al, 1997)
although few may exist in the Kentucky River basin, landfill leachate, oil and
gas recovery, and coal mining.

2.1.1 Excessive Algae Growth

Excessive algal growth in aquatic systems often results in extreme variations in in
dissolved oxygen concentration. These fluctuations may produce evening and early
morning concentrations (less than 4 or 5 mg of dissolved oxygen per liter of water)
inadequate to support the resident aquatic animals. Releases of various organic
compounds by actively growing algal populations may be toxic to other aquatic or
terrestrial life or may produce disagreeable tastes and odors if the water is used as a water
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supply (Desikachary, 1959). Senescing or decomposing algae can also impart unsavory
characteristics to the water.

Nutrients are compounds, such as nitrogen (ammonia, NH3-N, nitrate, NO3-N)
and phosphorus (orthophosphate, PO4-P), that stimulate the growth of algae. Algae
require a greater amount of nitrogen (16:1 ratio of N to P) than phosphorus (Chapra,
1997). However, nitrogen is usually more readily availabie that phosphorus so nitrogen
rarely limits algal growth. Nitrogen is abundant in the atmosphere and may enter stream
systems either through direct diffusion, atmospheric deposition or via geological sources.
Nitrogen is highly soluble (Brezonik, 1994). As water flows over and through soils,
dissolved nitrogen is carried with it and enters streams and rivers via watershed runoff.
Phosphorus is less mobile and usually bound tightly to soil (colloidal) particles (Hill,
1981). Phosphorus enters stream systems in the particulate, less available, form. These
watershed dynamics usually result in greater instream availability of nitrogen than of
phosphorus.

However, human modifications of the landuse (e.g., urban, suburban, and
agricultural activities) can alter the nutrient dynamics of a watershed by either altering
the ratio of nitrogen to phosphorus and/or by increasing the total amount of available
nutrients (Kirchner, 1975). Both of the conditions may result in excessive algal growths.
Stormwater from human dwellings often carries large amounts of dissolved nutrients.
Rainfall washes lawn chemicals and fertilizers that are high in nutrients into streams.
Precipitation itself can be a source of considerable material loading including nutrients.
However, few studies are available on Kentucky River Basin conditions. Studies around
the country indicate the problem may be significant (Hendry and Brezonik, 1980, Lewis,
1981; Owe et al., 1982; Halverson et al., 1984; Moore and Nuckols, 1984). In addition,
wastewater treatment plants, untreated wastes from straight pipes, and leaking septic
systems also increase nutrient levels in streams. Groundwater inputs, particularly those
that have been recharged from urban areas, often contribute additional nutrients to stream
systems,

Excessive levels of nutrients in streams stimulate algal growth if adequate light is
available. Human actions often result in disruption of riparian corridors. Streamside
- vegetation provides organic matter to stream organisms plus provides shading. Intact
riparian corridors filter out between 50-95 percent of ambient sunlight. Algal growth is
dependent on sunlight. Low light levels (as is characteristic of intact riparian corridors)
limit algal growth. When riparian vegetation is removed, once heavily-shaded streams
are transformed into streams that receive high levels of light. The combination of high
light and high nutrients may produce unacceptable magnitudes of algal growth.

Low flow in the Kentucky River can increase algal concentrations, and the
likelihood of experiencing the deleterious effects associated with them, by increasing
water residence times, reducing deep mixing or mixing out of the photic one, reducing
turbidity or light attenuation, and concentration nutrients. These conditions also coincide
with reduced reaeration resulting from atmospheric diffusion and increased temperatures,
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which reduces the solubility of oxygen in water. Altogether, these scenarios can be
environmentally difficult.

2.1.2 Low Dissolved Oxygen

Dissolved oxygen in the Kentucky River basin has been inadequately studied for
the most part. If water quality impairments have occurred to a natural stream system,
either as a result of human activity or natural processes (cultural and natural
eutrophication), the daily dynamics of dissolved oxygen usually results in minimum
dissolved oxygen values occurring in the early morning hours (before 6 am.). Most
water quality sampling however occurs during working hours 7 a.m. to 5 p.m. Haag et
al. (1995) reports that of 479 dissolved oxygen samples collected between 1987 and 1991
in the Kentucky River Basin, only 54 (11%) were less than 5 mg oxygen per liter of
water. However, they also note that only 59% of all the dissolved oxygen samples
collected were collected before 10 a.m. and that 78% of the low dissolved oxygen values
were from that time interval. Smoot et al. (1991) in a review of historical dissolved
oxygen data from the Kentucky River Basin (1976-1986) found that 12% of the 426
values collected were below 5.5 mg/l. The time of these sample collections was not
available.

An evaluation of the dissolved oxygen data for the Kentucky River stored in the
U.S. Environmental Protection Agencies STORET database indicated that six different
state and federal agencies had made 975 collections of stream or river dissolved oxygen
between 1991 and 1995. Less than 6% of the values were less than 5 mg/l, however,
none of the samples had been collected before 7:45 a.m. There is considerable reason to
believe that the low number of violations is more a function of biased data collection than
of high quality water.

Most of the critical dissolved oxygen problems, low and high, in the Kentucky
River occur in the middle and lower parts of the basin. Haag et al. (1995) also reported
that all dissolved oxygen concentrations in excess of 105% dissolved oxygen saturation
occurred in the mainstem of the river below Lock and Dam 7. The significance of
saturation values in excess of 105% is related to algal primary productivity. Dissolved
oxygen concentrations in natural waters do not exceed 100% saturation except during
high rates of algal production, Haag and Porter (1991) present collaborating evidence for
the high algal production rates finding that for the same time period the highest
chlorophyll @ were found in the same locations.

Low dissolved oxygen concentrations have been recorded in several tributaries to
the Kentucky River basin during the summer. This was a result of stagnant water
conditions when groundwater or wastewater may have been the sole or at least the
dominant source of water. The decaying algae in the water cause low dissolved oxygen
conditions. The dead algae settle into the sediment and decay. The bacteria and
zooplankton consume algae and oxygen, thus depleting the water of oxygen for fish and
other aquatic life.
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In the winter, low dissolved oxygen has been recorded in the Kentucky River
Basin system. The low dissolved oxygen is caused by the breakdown of biodegradable
organic material or of ammonia compounds. Sources of these compounds are storm
water, sediment accumulation from summer algae decomposition, urea (a de-icier applied
to the airport and to roads and bridges during freezing conditions, this compound readily
breaks down to ammonia). Deicing compounds such as ethylené and propylene glycols
have an organic strength (when not diluted with water) over 10,000 times that of CSOs
and storm water. The large majority of storm water runoff in the Kentucky River basin
either infiltrates into the groundwater or runs off into the tributaries of the Kentucky
River. During such wet weather periods, dissolved oxygen conditions in the winter were
not below DOW minimum standards of 4 mg/l. During the summer, dissolved oxygen
concentrations in many tributaries of the Kentucky River often dipped below 5 mg/l.

2.1.3 Bacteria

2

"Bacterial loadings into the Kentucky River influence the sanitary quality of the
water. Median concentrations of fecal coliform bacteria in the Kentucky River from the
years 1980 to 1990 and between L&D 14 and L&D 2 ranged from 40 to 680 colonies per
100 milliliters of water (Haag et al., 1995).

During rain events, many sewage treatment plants in the basin cannot take all the
water from sanitary and storm water, and some spills untreated into the Kentucky River
and its many tributaries. The bacteria loading from this source is exacerbated by the
discharge of untreated sewage from residential straight pipes, and runoff from confined
domestic animals. These are the primary sources of pathogenic bacteria in the Kentucky
River. In the Upper Kentucky River Basin, storm water and unknown sources contribute
to coliform levels above the standard of 200 colonies/100 ml sample, but these violations
are usually small compared to the CSOs, which contribute bacteria concentrations usually
greater than 100,000 colonies per 100 ml sample. (Heaney and Huber, 1984).

2.1.4 Temperature

The optimum upper temperature for cold water fish such as trout is about 14°C
(52.7°F), with an upper lethal temperature of 26°C (78.8°F). Pooling of water in the
Upper Kentucky River Basin and removal of shade trees along the banks of the Kentucky
River Basin system cause temperatures above the optimum range for trout. In the Upper
Kentucky River Basin and Lower Kentucky River Basin, temperatures above 25°C (77°F)
are common. Other fish species, such as warm water fish like crappie and bass,
successfully tolerate the warmer waters.

2.1.5 Toxic Compounds

Toxic compounds have been found in some sediment locations in the Lower and
Upper Kentucky River Basin, as well as in fish tissue. The source of these toxins is
industrial discharges and storm water. These compounds can impact human health

when:
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o fish that have high concentrations of toxins in their tissue are eaten;
» sediments are ingested during swimming or by handling the sediments.

2.1.6 Biological Impacts

As part of the current water quality study, a general biological assessment of the
river was performed. The results of this study have been provided in a separate report
entitled A Review of Research on the Kentucky River Ecosystem: Biota and Human
Impacts (Waltman and Stevenson, 1998). The following general observations and
conclusions were developed as part of this study:

1. The primary sources of pollution to the river are siltation from agricultural
runoff and nutrient enrichment from wastewater treatment plant effluents and
agricultural runoff. Other sources of pollution, including pesticides, metals
contamination, and brine intrusion from oil and gas wells, combine to affect
the organisms of the river ecosystem (Haag and Porter, 1995).

1) During periods of low flow, the river is reduced to a series of pools that
are subject to stratification and subsequent DO depletion and surface-
water temperature elevation (ESE, 1991).

2) The influx of toxic organic compounds such as atrazine and butylate
herbecides and organochlorine insecticides to the river is of growing
concern because of the bioacccumulation phenomenon that occurs in
living organisms (Smoot et al, 1991). In areas where there were no
detectable organic compound concentrations in the water column, tissue
analysis from organisms such as fish and mussels contained significant
levels of various organic compounds. Bottom dwelling organisms are
especially susceptible to toxic organics adsorbed to sediments.

2. The macrobenthic invertebrate community has responded to alteration of
water quality and physical habitat by changing composition to include mostly
pollution tolerant species and by decreases in diversity, evenness, and
abundance.

3. The most recent survey of mussels in the study area was completed in 1975.

1) All species present are considered facultative; they can live in polluted
waters.

2) More recently, researchers have concluded that reduced wvelocities,
increased sedimentation, and other water quality changes would eliminate
all populations over time.
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Studies dating back to 1954 indicate that the fish assemblage has been and
still is dominated by species considered facultative. Facultative species are
approximately 63.5% of the total species collected.

1) Littoral fish species dominate the upstream samples where more near-
shore structure exists. The lower pools that consist mostly of open water
areas and less near-shore structure are dominated by benthic or pelagic
fish species.

2) Increased sedimentation, increased discharges from municipalities and
industries, and increased organic and inorganic inputs to the river continue
to significantly affect the population of fish on the river,

. Pyhtoplankton densities and potential for nuisance algal growths in the river
are positively correlated to nutrient enrichment. Diversity of phytoplankton
decreases as nutrient concentrations increase.

. Water temperature does not appear to present any threat to the organisms in
the study area (ESE, 1990). However, according to water quality models,
dissolved oxygen can be sufficiently low enough for extended periods of time
that some organisms could be selectively eliminated from the river,

Recolonization of lost organisms from upstream sources is likely to occur
during periods of high flow, but the continued stress on the ecosystem from
low dissolved oxygen levels during periods of low flow will decrease the
diversity and quantity of organisms present. As a result, the following general
operational constraints are recommended for the three main groups of aquatic
organisms:

Invertebrates:

Species of invertebrates found in the study area that are considered to be
indicators of good water quality include Stenacton interpuncratum,
Cheumatopsysches, Hydropsyche, Neureclipsir, and Polycentroparflavomaculatur.
All of these species require a minimum dissolved oxygen concentration of 4.0
mg/l for survival. The state recommends a minimum dissolved oxygen
concentration of 5.0 mg/l in river and streams for maintaining a healthy
aquatic organism population.

Maussels:

Most mussels can tolerate a minimum dissolved oxygen concentration of
approximately 4.0 mg/l for extended periods of time. It appears that the
mussels found in the study area inhabit the mid depth region of the river
immediately adjacent to the channel bottom where D.O. concentrations were

6.0 mg/l.
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Fish:

The USEPA has set a minimum of 5.0 mg/l D.O. to maintain healthy fish
populations in watercourses. Acute D.O. values for most adult fish range
from 1.0-3.0 mg/! depending on exposure duration, species, age, and water
temperature. The embryonic and larval stages of* fish were even more
sensitive than adults requiring a minimum D.O. range between 3.0-6.0 mg/]
for survival.

It is recommended that a minimum D.O. concentration of 4.0-5.0 mg/l be
maintained throughout the entire water column at all time to ensure a healthy,
diverse, and sustainable biotic community. Intensive research will be required
to determine if concentrations below this recommended value will have an
effect on particular species in the river. The duration of exposure to low
dissolved concentrations is another question that requires further
investigation. Low dissolved oxygen concentrations are not only a threat to
the survival fish, but can also impact behavior, reproduction success, and
general fitness of the organism. Over time, chronic exposure to moderately
low D.O. concentrations can be just as lethal as acute exposure to extremely
low D.O. concentrations.

There are some headwater streams of the Kentucky River that have remained
relatively pristine over time. 1t is vitally important to protect these resources
for their biodiversity of organisms, which can provide a source for
recolonization downstream. To protect these systems, the natural hydrological
cycle should be preserved by safeguarding against upstream river
development and damaging land uses that modify runoff and sediment supply
to the river. Any additional significant alteration to the existing flow regime
of the Kentucky River will continue to compound the negative impact on the
biota of the system.
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Water Quality
Problem

Problem Sources

Environmental Impact

Algae levels above 15
ug/l chlorophyll a

Excessive algal nutrients, N and P from -
jstorm water, treated and untreated waste, and
groundwater

High algae levels create high pH
levels (see above) and create nuisance,
aesthetic concerns by forming algal
mats on the surface of the water,
reducing water clarity (water looks
muddy) and contributing to sediment
oxygen demand by the settling of dead
algal cells to the bottom muds, a
summer problem

pH levels above 8.5

Excessive algal growth due to high nutrient
levels of N and P; these nutrients could be
coming from stormwater inflows,
groundwater, and treated and untreated
waste in the Kentucky River Basin

High pH levels create a poor
environment for fish and aquatic life; a
summer problem

Dissolved oxygen levels
below 4 mg/1

High organic loading from storm water,
treated and untreated waste, sediment
oxygen demand, and groundwater

All fish and aerobic organisms require
oxygen to live in the water
environment, water deprived of oxygen:
will cause z2erobic organisms to die or
relocate

Coliform bacteria levels
{ above 200 colonies /100
ml

Storm water inflows, as well as illicit sewer
discharges

Coliform: bacteria themselves are used
to indicate that there may be fecal
contamination in the water - either

from human or animal waste, a
summer and winter problem

High water temperature

Lack of shading and impounding water, lack
of natural water level fluctuation

To support cold water fish such as
trout, temperature of 14°C (52.7°F) are
an optimal upper limit, this is only a
summer issue

Toxic metals and
{ organics in sediments,
{ water column, and fish
tissue

Unregulated and illegal discharges into the
Kentucky River Basin, treated and untreated
waste, storm water and CS0O discharges,
landfill leachate, oil and gas recovery, coal
mining

Toxic compounds can be consumed
by fish and other aquatic life that
bicaccumulate the toxins in their

tissue. ‘This becomes a health hazard

when humans consume the
contaminated tissue and a health

hazard to aquatic organisms,

Table 2.1 Water quality problems in the Kentucky River Basin
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CHAPTER 3
MODEL DESCRIPTION

3.0 Overview

The CE-QUAL-W2 computer model (Cole and Buchak, 1994) was selected for
use modeling the water quality of the main-stem of the Kentucky River. CE-QUAL-W2
is a two-dimensional, laterally-averaged, hydrodynamic and water quality model.
Developed by the Army Corps of Engineers Waterways Experiment Station, its primary
applicability lies in its ability to mode! estuaries, lakes, and reservoirs. The pools created
by the lock and dams of the main stem of the Kentucky River are assumed to take on the
properties of these waterbodies.

¥

3.1 Model Selection

Many water quality models are commercially available. Available models
include WQRRS (Hydrologic Engineering Center), WASP (US EPA Center for Exposure
Assessment Modeling), CE-QUAL-R1 (Waterways Experiment Station), CE-QUAL-W2
(Cole and Buchak, 1994), and RMA-2 (Waterways Experiment Station). CE-QUAL-W2
was selected for a multitude of reasons. First, all relevant constituent demands could be
modeled in this program. Second, the CE-QUAL-W?2 uses the simplified Navier-Stokes
Equation to compute the hydrodynamics of the system. Third, CE-QUAL-W2 is
configured to model multiple branches and tributaries (of which the Kentucky River has
many). Finally, this model has been used in three other studies in the State of Kentucky,
those being Herrington Lake (Jarrett et al., 1998), Cave Run Lake (FTN Associates, Ltd.,
1997), and Taylorsville Lake (FTN Associates, Ltd., 1998).

3.2 Model Structure

The CE-QUAL-W?2 is a computer program, written in Fortran, which may be run
in batch mode on a standard microcomputer. Use of the program requires the
development of a series of ASCII data files, which contain the parameter values
necessary for characterization of the physical system. Upon execution, the program
generates a number of output files, which are then examined for interpretation of the
model results. Execution of the program requires a two-step process. In the first step, a
pre-processor program checks the control file to determine what is to be done, looks for
the other necessary input files for existence and proper setup, and organizes the
information for the main program. The main program then performs the hydrodynamic
and water quality calculations and returns the results in a number of output files.
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3.3 Data Files

CE-QUAL-W?2 requires a number of input data files. The most important of these
is the control file. The control file specifies what actions are to be performed by the
program, certain physical aspects of the water body, and many of the water quality
parameters for the model. In addition to the control file, the user must provide data
describing the physical configuration of the water body, all hydrologic data for modeling
the hydraulics of the system, all meteorological data necessary for modeling the
thermodynamics of the system, and all water quality data for modeling the water
chemistry of the system. A summary of the various program files is provided in
Appendix A.

3.4 Hydrological Configuration and Bathymetry
¥
The physical attributes of each of the pools are very important to the calculations
of the CE-QUAL-W2 model. The actual size and shape of each of the pools, how the
geometry is subdivided (bathymetry), and the inflow and outflow balances are crucial to
the validity of the model.

3.4.1 Physical Configuration

CE-QUAL-W?2 conceptuaily represents a water body as a 2-D array of cells with
each cell extending across the width of the water body. This “grid” of cells is determined
by the longitudinal segment lengths (DX) and layer thickness (DZ) specified by the user.
In applying CE-QUAL-W?2 to the Kentucky River, a separate model was developed for
each pool (e.g., pools 14-2). This resulted in 13 separate models. For each model, the
assoctated pool was divided into a series of longitudinal cells, which were then divided
vertically into a series of vertical cells. This resulted in a two-dimensional computational
grid for each pool. Each longitudinal cell was proportioned to be a mile in length. Each
vertical cell was proportioned to be 0.9 meters in height. Figures of the computational
grids associated with each pool (model) are shown in Appendix B. Data from the USGS
and the Army Corps of Engineers were used in the generating the bathymetry files for
each pool. The HEC-2 river data and the GEDA program from the Army Corps of
Engineers were used in generating the bathymetry files for each pool. The USGS quad
maps provided each segment orientation.

3.4.2 Cell Width

The user must specify an average width for each cell in the grid. The average cell
width will be used with segment length and layer height for model estimation of
individual cell volume. Average cells widths for each pool in the Kentucky River were
estimated using U. S. Army Corps of Engineers physical survey data of the river. The U.
S. Army Corps of Engineers had surveyed the river for use in their HEC-2 hydraulic
model. This data was transformed to the format of the CE-QUAL-W2 model.
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Once initial estimates of cell widths were obtained, the model was run and the cell
widths were then adjusted (1) to prevent numerical instabilities in the CE-QUAL-W2
model; and (2) to replicate the Corps of Engineers elevation-volume curves for each pool.

3.4.3 Outlet Configurations

Total discharge from each pool is subdivided into three different components
(dam leakage, controlled releases through the low-level release valves, and uncontrolled
release over the dam crest). Each discharge is modeled by specifying a separate
discharge for each particular cell associated with the most downstream river segment.
The location of each release point is shown on the associated pool grids in Appendix B.
The flows assigned to each discharge point were obtained from the hydrologic resuits of
the KYBASIN for the modeled scenarios.

35 ! Boundary Conditions

To apply the CE-QUAL-W2 model to a particular water body, the physical
boundary conditions associated with the system must be specified. The physical
boundary conditions necessary to model the system include 1) hydrologic boundary
conditions, 2) thermodynamic boundary conditions, and 3) water quality boundary
conditions. Each of these boundary conditions are discussed in the following sections;

3.5.1 Hydrologic Boundary Conditions

Hydrologic boundary conditions for each pool were obtained for two different
flow scenarios: the 1998 drought and the 1930 drought. The 1998 flow scenario was
used in calibrating the model, while the 1930 flow scenario was used to evaluate the
water quality associated with the operation of the low-level control valves. In each case,
upstream inflows as well as tributary inflows were obtained using the input data files
previously prepared for the KYBASIN simulations for each flow scenario. A detailed
discussion of the derivation methodology for both sets of flows is provided in Kentucky
River Basin Water Supply Assessment Study: Task III Report — Deficit Analysis
(Ormsbee and Herman, 1996). Utilization of the KYBASIN tributary flows in the CE-
QUAL-W2 model required that the aggregate tributary flows to each pool be
disagreggated and then assigned to the individual cells in the computational grid. This
was accomplished by determining the proportional area associated with each tributary
and then by multiplying the aggregate tributary flow by the associated percentage. The
location of each tributary relative to the computational grid of each pool is provided in
Appendix B.

Water withdrawal boundary conditions for each pool were obtained for two
different demand scenarios: 1988 and 2020, In each case, the aggregate demands in each
pool were obtained using the input data files previously prepared for the KYBASIN
simulations for each flow scenario. A detailed discussion of the derivation methodology
for these demand estimates is provided in Kentucky River Basin Supply Assessment
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