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EXECUTIVE SUMMARY

This report was prepared to fulfill requirements of Section 305(b) of the Federal
Water Pollution Control Act of 1972 (P.L. 82-500) as amended by the Water Quality
Act of 1987 (P.L. 100-4). Section 305(b) requires that states submit a report to the
U.S. Environmental Protection Agency on a biennial basis which assesses current water
quality conditions. Topies that are discussed in the report are groundwater quality,
the status of the state water pollution control program, water quality conditions and
use support of streams, rivers and lakes, a discussion on wetlands, and
recommendations on additional actions necessary to achieve the objectives and goals

of the Clean Water Act.

Water Quality Assessment

The water quality assessment of rivers and streams in Kentuecky's 1990 report is
based on those waters depicted on the 1974 U.S. Geological Survey Hydrologic Unit
Map of the state. The map contains about 18,500 miles of streams, of which
approximately 10,200 miles (55%) were assessed. This is an increase in coverage from

the last report.

The assessment is based on an analysis of the support of classified uses.
Warmwater aquatic habitat and primary contact recreation uses were most commonly
assessed. Full support of uses occurred in 6,630 miles (65%) of the assessed waters and
uses were not supported in 1,978.3 (19%). Partial use impairment was found in 1,612.7
miles (16%) miles of the assessed waters. The major causes of use nonsupport were
fecal coliform contamination, which affected primary contact recreation use, and
organic enrichment and siltation, which impaired warmwater aquatic habitat use. The
major sources of the fecal coliform contamination were municipal wastewater
treatment plant discharges and agricultural nonpoint sources. Municipal point sources
were responsible for the organic enrichment, while surface mining and agricultural

nonpoint sources were the major sources of siltation.

A statistical trend analysis showed improvements in water quality, particularly
an increase in dissolved oxygen in South Elkhorn Creek, which was attributed to
increased treatment of wastewater at the City of Lexington's Town Branch

wastewater treatment plant. A trend in the Nolin River showed a deterioration in




water quality which may be the result of the City of Elizabethtown's municipal

discharges into Valley Creek, a tributary of the Nolin River.

Several trends were detected statewide, although specific causes were not
readily apparent. Chloride increased at 14 of the 17 sites tested. The pH is increasing

at many sites and decreasing at none. Total recoverable lead is decreasing at 16 sites

and increasing at three sites.

Degradation due to priority pollutants has occurred in some of the state's
streams. Fish consumption warnings remain posted for the Mud River and Town
Branch in Logan, Butler, and Muhlenberg counties because of the presence of PCBs. A
fish consumption advisory is also still in effect for the West Fork of Drakes Creek in
Simpson and Warren counties, because of PCBs. These two 'sites were reported in the
last 305(b) Report. Two new advisories have been issued since that report was
published. Little Bayou Creek in McCracken County and four locations on the Ohio
River were posted with advisories because of PCB contamination. Chlordane
contaminated fish were also found at three of the Ohio River areas. The Ohio River
advisories are for the consumption of particular species only (catfish at two areas,

catfish, carp and white bass at one, and catfish and white bass at the other).

Section 304(l) of the 1987 amendments to the Clean Water Act requires states to
focus attention on waters impaired by toxic pollutants. Three lists: a "short list" of
waters affected by point source toxic pollutants; a "mini list" of waters affected by
point and nonpoint sources of pollutants; and a "long list" of waters affected by all
types of pollutants from all sources were prepared in response to this requirement. An
update of the short and mini lists is presented in this report. The short list contains 20
stream segments where individual control strategies for point source dischargers of
toxie pollutants were developed. Individual control strategies for these segments are
Kentucky Pollutant Discharge Elimination System permits containing appropriate

numeric effluent limitations.

Forty-two fish kills totalling over 541,000 fish were reported in the past two
years, affecting over 153 miles of streams. The number of fish kills reported and the
number of waterbodies affected were lower than those reported over the last ten
years, but the number of miles affected and the number of fish killed were higher.
Fish kills were most commonly attributed to sewage discharges. Bacteriological




surveys were conducted on seven stream drainages. Municipal sewage treatment plant

discharges were found to be a major source of recreational use impairment.

The water quality assessment of lakes included more than 90 percent of the
publicly owned lake acreage in Kentucky. Sixty-two of 99 lakes fully supported their
uses. On an acreage basis, 91 percent (195,749 acres) of the 214,861 assessed acres

fully supported uses.

Nutrients were the greatest cause of the uses not being fully supported and
affected the largest number of lakes. Nonpoint sources including agriculture, and
municipal discharges, were the principal sources of the nutrients. Iron and manganese
were the second greatest cause of use nonsupport, and affected domestic water supply
uses. Natural release of these metals from bottom sediments into the water column

causes water treatment problems.

An analysis of lake trophic status indicated that of the 99 lakes assessed, 56
were eutrophie, 31 were mesotrophic and 12 were oligotrophic. McNeely Lake showed
an improvement in water quality. Reformatory, Green River, Spurlington,
Campbellsville City, Jericho, and Doe Run lakes became more eutrophic than
previously reported. Lake Jericho was added to the list of lakes which did not support
their uses. A lake restoration effort that involves liming is being undertaken at
Cranks Creek Lake to offset the effects of acid mine drainage. This should change its
status from partial support to full support.

Underground storage tanks, septic tanks, abandoned hazardous waste sites,
improper well construction, and oil and gas brine pits are estimated to be the top five
sources of groundwater contamination in Kentueky. Lack of basie monitoring data
prevents an assessment of the magnitude of the problem caused by these sources.
Pilot well head protection studies have been initiated to gain experience in methods to
detect and evaluate contamination of groundwater.

Protecting public water supplies dependent upon groundwater and lack of
consistent data gathering in a useable format by agenecies involved in groundwater
monitoring, are two of the areas of special concern in the groundwater program.
Contamination from oil and gas exploration is another.



Water Pollution Control Programs

Kentucky's water pollution control programs continued expanding to develop new
approaches for controlling pollution. By the end of 1989, 66 municipal and 35
industrial wastewater treatment facilities had requirements for biomonitoring. The
Division of Water conducted acute and chronic toxicity tests on 54 point source
discharges and on instream locations above and below those sources. Pretreatment
programs have been approved in 64 cities to better treat industrial wastes. A state
revolving fund program has been approved to meet the needs of new wastewater

treatment plant construction.

Forty-five primary ambient monitoring stations, which characterized
approximately 1,500 stream miles within the state, were in operation during the
reporting period. Biological monitoring has occurred at 40 of these stations since
1986. In addition, ten lakes were sampled for eutrophication trends and three lakes for
acid precipitation trends. An expanded lake assessment project has been funded by the
federal Clean Lakes Program which allowed 34 additional lakes to be sampled for
eutrophication trends. Nine intensive surveys were conducted on 763 miles of streams
for the evaluation of municipal point source and nonpoint agricultural pollution, oil
production effects on water quality, and for assessing recreational use attainability.
The survey of the Little River revealed that a large portion of the watershed was
being impacted by agricultural activities that caused the warmwater aquatic life use
to be only partially supported. Yellow Creek, near Middlesboro, was found to have

improved water quality because of better municipal wastewater treatment.

WATER WATCH, a citizen's education program, expanded its membership and
more than doubled the number of waters "adopted" by local groups. Since its
beginning, 270 groups have been established and 250 streams, 25 lakes, 30 wetlands,
and nine karst or underground systems have been adopted. A water quality monitoring

project has produced data on stream water quality at 89 sites across the state.

The nonpoint source control program has been involved in monitoring projects in
the Mammoth Cave area (Turnhole Spring Groundwater Basin), the upper Salt
River/Taylorsville Lake watershed, and the upper Green River watershed. These are
recently initiated long term studies aimed at determining nonpoint source impacts and

demonstrating water quality improvements from best management practices.



A Nonpoint Source Advisory Committee was formed to help identify new
directions for the nonpoint source management program. The program received full
approval from the U.S. Environmental Protection Agency in 1989.

An update of the Nonpoint Source Pollution Assessment Report was produced for

this report. Streams, rivers, lakes, wetlands and groundwater impacted by nonpoint

sources of pollution are listed in an Appendix, along with current information
regarding sources and parameters of concern.
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BACKGROUND

This report was prepared to fulfill the requirements of Section 305(b) of the
Federal Water Pollution Control Act of 1972 (P.L. 92-500) as amended by the Clean
Water Act of 1987 (P.L. 100-4). Section 305(b) requires that states submit a report to
the U.S. Environmental Protection Agency (EPA) every two years which addresses
current water quality conditions. Items to be addressed in the report include an
assessment of the degree to which nonpoint sources of poilutants affect water quality,
an assessment of state groundwater quality, an assessment of the extent to which the
state's waters meet their designated uses and the fishable/swimmable goals of the Act,
and recommendations on additional actions necessary to achieve the water quality
objectives of the Act. Specific data on lake water quality, and information on state
programs is also required and addressed in the report. EPA uses the reports from the
states to apprise Congress of the current water quality of the Nation's waters and
recommend actions which are necessary to achieve improved water quality. States use
the reports to provide information on water quality conditions to the general publie
and other interested parties, and to help set agency pollution control directions.

‘This report follows the guidance document that EPA provided to the states for
the 1990 report. The stream water quality in this report is based on those streams
shown on the U.S. Geological Survey's (USGS) Hydrologic Unit Map of Kentucky (scale
1:500,000). The assessments were based on this map's approximately 1,300 streams
and rivers which contain about 18,500 stream miles. Stream miles were determined by
chord lengths to the 0.1 mile, on USGS 7.5 minute quadrangle maps (scale 1: 24,000).
These maps are the official river mile index maps maintained by the Division of Water.
Stream miles not measured by this method were determined by using map wheels.
Kentucky is divided into 42 cataloging units, which compose the 12 river basins
assessed in this report. These drainage basins from east to west are the Big Sandy,
Little Sandy, Tygarts, Licking, Kentucky, Upper Cumberland, Salt, Green, Tradewater,
Lower Cumberland, Tennessee, and Mississippi. @ The Ohio River Valley Water
Sanitation Commission (ORSANCO) compiles a report on the Ohio River which is used
as a supplement to the 305(b) reports submitted by the member states of the
Commission. The assessment of lake conditions is based on data collected by the
Division of Water in 1981-1983 and updated in 1989 through a lake assessment project
funded under the federal Clean Lakes Program. The 99 lakes which were assessed
have a total area of 214,861 acres and comprise over 90 percent of the publicly owned
lakes in the state. This includes the Kentucky portions of Barkley, Kentucky and Dale
Hollow lakes which are border lakes with Tennessee. Total wetland acreage in
Kentucky has not been accurately determined. The Division of Water, in collaboration
with the Kentucky Department of Fish and Wildlife Resources, has contracted with the
U.S. Fish and Wildlife Service to map wetlands in the Commonwealth.

Kentucky's population, according to the 1980 census, is 3,660,257. The state has
an approximate area of 40,598 square miles. It is estimated that there are
approximately 89,431 miles of streams within the borders of Kentueky. That figure
was determined from the Kentucky Natural Resources Information System, which has
a computerized geographic database. All of the blue line streams on the 7.5 minute
USGS topographic maps were digitized to produce the figure. Main channel and
tributary river miles in reservoirs are included. A project is underway to subtract
those miles, which will produce a more accurate river and stream mile total.
Kentucky has 849 miles of border rivers. The northern boundary of Kentucky is
formed by the low water mark of the northern shore of the Ohio River and extends
along the river from Catlettsburg, Kentucky in the east to the Ohio's confluence with
the Mississippi River near Wickliffe in the west (a length of 664 miles). The



southern boundary is formed by an extension of the Virginia-North Carolina 1780
Walker Line which extends due west to the Tennessee River. Following the acquisition
of the Jackson Purchase in 1818, the 36930' parallel was accepted as the southern
boundary from the Tennessee River to the Mississippi River.

Kentucky's eastern boundary begins at the confluence of the Big Sandy River
with the Ohio River at Catlettsburg and follows the main stem of the Big Sandy and
Tug Fork southeasterly to Pine Mountain, for a combined length of 121 miles; then
follows the ridge of the Pine and Cumberiand mountains southwest to the Tennessee
line. The western boundary follows the middle of the Mississippi River for a length of
64 miles and includes several of the islands in the Mississippi channel. A listing of the
above information is provided below.

Atlas

State population (1980 census) 3,660,257
State surface area (square miles) 40,598
Number of major river basins 12
Number of river miles* 89,431
Number of river border miles (subset) 849
Number of lakes/reservoirs Unknown
Number assessed 99
Acres of lakes/reservoirs Unknown
Acres assessed 214,861
Wetland acres f Unknown

*includes reservoir main channel and tributary channel miles

The climate of Kentucky is classified as continental temperate humid. Summers
are warm and humid with an average temperature of 76°F, while winters are
moderately cold with an average temperature of 34°F. Annual precipitation averages
about 45 inches, but varies between 40 to 50 inches across the state. Maximum
precipitation occurs during winter and spring with minimum precipitation occurring in
late summer and fall.

Summary of Classified Uses

Kentucky lists waterbodies according to specific uses in its water quality
standards regulations. These uses are: 1) Warmwater Aquatic Habitat, 2) Coldwater
Aquatic Habitat, 3) Domestic Water Supply, 4) Primary Contact Recreation, 5)
Secondary Contact Recreation and 6) Outstanding Resource Waters. Those waters not
specifically listed are classified (by default) for use as warmwater aquatic habitat,
primary and secondary contact recreation, and domestic water supply. The domestic
water supply use is applicable at points of public and semipublic water supply
withdrawal. Lakes have not been listed in the current regulations and are classified
for the default uses. Proposed changes to the water quality standards regulations
classify major lakes by use, but are not yet formally adopted. The Division of Water
adds waterbodies to the classified lists as an ongoing process in its revision of water
quality standards. Intensive survey data and data from other studies when applicable
are used to determine appropriate uses. Currently, 1,683 stream miles are classified
as warmwater aquatie habitat, 384.4 miles as coldwater aquatic habitat, and 206.7
miles as outstanding resource waters. There are approximately 104 points where
domestic water supply is withdrawn in streams, and 54 lakes used for domestic water
supply purposes.
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WATER QUALITY ASSESSMENT OF
RIVERS AND STREAMS

Status

Water quality conditions for rivers and streams in Kentucky are summarized by
use support status in Table 1. The table indicates that of the 10,221 miles assessed,
approximately 35 percent experienced some degree of use impairment, while 65
percent fully supported uses. Approximately 55 percent of the river miles on the
USGS hydrologic unit maps were assessed. This is an increase from stream miles
assessed in the 1988 305(b) Report. Corrections on stream lengths were made for this
report, so the increase cannot be easily quantified.

Table 1

Designated Use Support by River Basin

Miles Miles Miles
Fully Partially Not
Total Miles Supporting Supporting Supporting
Basin Miles Assessed Uses Uses Uses

Big Sandy 1133.5 576.2 300.3 47.3 228.6
Little Sandy 356.7 174.3 65.4 31.1 77.8
Tygarts Creek 194.9 193.4 147.9 0.0 45.5
Licking 2,053.1 1037.9 820.1 46.1 171.7
Kentucky 3,416.0 1,698.5 1,143.7 231.5 323.3
Upper Cumberland 2,146.7 992.4 683.9 220.9 87.6
Salt 1,193.4 1,026.2 641.1 87.6 297.5
Green 3,549.4 2,154.5 - 1,624.0 220.2 310.3
Tradewater 529.2 360.8 151.0 125.7 84.1
Lower Cumberland 648.8 462.1 333.6 107.5 21.0
Tennessee 359.1 128.1 87.1 21.5 19.5
Mississippi 489.4 196.0 142.4 53.6 0.0
Ohio (Minor tribs) 1,756.2 556.7 419.0 74.8 62.9
Ohio (Mainstem)* 663.9 663.9 70.5 344.9 248.5
STATE TOTAL 18,490.3 10,221.0 6,630 1,612.7 1,978.3

*Assessment provided in 1990 ORSANCO 305(b) Report.

Methods of Assessment

Water quality data collected by the Kentucky Division of Water (DOW),
Kentucky Division of Waste Management, Ohio River Valley Water Sanitation
Commission (ORSANCO), U.S. Army Corps of Engineers, and the U.S. Geological
Survey (USGS) were used to determine stream use support status. Other sources of
information used in this determination include biological studies at fixed stations,



intensive surveys, and data supplied by the Kentucky Department of Fish and Wildlife
Resources. The data were categorized as "monitored" or "evaluated.” Monitored data
were derived from site specific ambient surveys and were generally no more than five
years old. In some instances where watershed conditions remained unchanged,
monitored data over five years old were still considered valid and were categorized as
monitored. Evaluated data were from other sources or from ambient surveys which
were conducted more than five years ago. The criteria for assessing this data to
determine use support follow.

Water Quality Data

Chemical data collected by the DOW and the USGS at fixed stations were
evaluated according to U.S. EPA guidelines for the preparation of this report. Water
quality data collected during the period from October 1987 through September 1989
were compared with state and EPA standards and applied to the status criteria. A list
of the parameters and their corresponding criteria are noted in Table 2. All of the
criteria in the table, except fecal coliform, were used to assess warmwater aquatic
habitat (WAH) use support. If none of the criteria were exceeded in < 10 percent of
the measurements and their means were less than the criteria, the segment fully
supported its use for WAH. Partial support was indicated if any one criterion was
exceeded 11-25 percent of the time and the mean was less than the criterion, or if any
criterion was exceeded <10 percent of the time and its mean was greater than the
criterion. The segment was not supporting if any criterion was exceeded >25 percent
of the time, or the criterion was exceeded 11-15 percent of the time and the mean was
greater than the criterion.

Fecal coliform data were used to indicate degree of support for primary
contact recreation use. Primary contact support was evaluated using the methodology
described above for the chemical data. In addition, streams with pH's below 6.0 units
caused by acid mine drainage were judged to not support this use. Domestic water
supply use was not assessed because the use is applicable at points of withdrawal only
and could not be quantified in the format required by the guidelines. In areas where
both chemical and biological data were available, the biological data were generally
the determinate factor for establishing warmwater aquatic habitat use support status.

Fixed Station Biological Data

Biological data for 1985-1989 were collected from 40 fixed monitoring network
stations in 12 drainage basins throughout the state. Algae, macroinvertebrates and
fish were collected, and community structure metrics, including productivity, biomass,
taxa richness, and relative abundance of taxa, were analyzed for each group of
organisms. These metrics were used to determine biotic integrity, water quality and
designated use support for each reach monitored. Expectations for metric values are
dependent upon stream size, ecological region, and habitat quality, and were applied
accordingly. Criteria for bioassessment of use support (Table 3) were based on these
expectations. Bioassessments integrated data from each group of organisms, habitat
data, known physical and chemical parameters, and professional judgement of aquatie
biologists.

Algae Algal samples were collected from each biological monitoring station using
standarized collection procedures. Plankton chlorophyll a, periphyton chlorophyll a,

and periphyton ash-free dry-weight were measured at each site, and diatoms were
identified to species and enumerated. Reaches are supporting the WAH use if diatom
taxa richness is high, plankton and periphyton chlorophyll a and ash-free dry weight
values are near average for the fixed monitoring stations, and the diatom community is



Table 2

Physical and Chemical Parameters and Criteria Used
to Determine Use Support Status at Fixed-Stations

Parameter Criterion Source
Dissolved oxygen <4.0 mg/l KwQsl
Temperature 30°C KWQSs
pH 6 to 9 units KWQS
Un-ionized ammonia 0.05 mg/1 KWQS
Chloride 250 mg/!1 KWQS
Arsenie 50 ug/l KWQSs
Cadmium Based on hardness? EPA‘

Chromium 11 ug/l EPA
Copper Based on hardness3 EPA
Lead Based on hardness® EPA
Zine Based on hardness® EPA
Fecal coliform (May 1 thru Oct. 31)
400 colonies/100 mi KWQSs
1) Kentueky Water %uahty Standards
2) Criterion = e ( Inx- x = hardness in mg/] as CaCOg

3) Criterion = e (85 Inx- 1. 465)

4) U.S. Environmental Protection Agency
5) Criterion = e (1.27 In x'- 4.7)

6) Criterion = e (.847 In x + .76)

x = hardness in mg/l as CaCOg

X = hardness in mg/1 as CaCOg
x = hardness in mg/] as CaCOj
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dominated by species typical of a stream of that size within that ecoregion.
Community similarity between these sites and reference or control sites is >50%. A
reach partially supports uses if diatom taxa richness or community similarity to a
reference site was low, or if tolerant species abundances are higher than expected. A
reach does not support uses if toxic or organic enrichment is indicated by extremely low
or high biomass, or if the diatom community is dominated by pollution tolerant species.
Expectations for these values are based on average values for sites of similar physiecal
and habitat characteristies, or values derived from the same site at a previous time.

Macroinvertebrates Macroinvertebrates were collected using both artificial substrates
and qualitative collections from all available natural substrate habitats. For the
macroinvertebrate evaluations, stream reaches are considered to fully support the WAH
use if information refleets no alterations in community structure or funectional
compositions for the available habitats, and if habitat conditions are relatively
undisturbed. A reach is considered partially supporting uses when information reveals
that community structure is slightly altered, that functional feeding components are
noticeably influenced, or if available habitats reflect some alterations and/or
reductions. Reaches are considered not supporting uses if information reflects
sustained alterations or deletions in community structure, taxa richness and functional
feeding types, or if available habitats are severely reduced or eliminated.

Fish Fish were collected for community structure evaluation at selected biological
monitoring sites. The condition of the fish community was determined by analysis of
relative abundance, species richness and species composition, and the use of an Index of
Biotic Integrity (IBI). The IBI was used to assess biotic integrity directly by evaluation
of twelve attributes, or metrics, of fish communities in streams. These community
metrics include measurement of species richness and composition, trophic structure,
and fish abundance and condition. The IBI was used to assign one of the following
categories to a fish community: excellent, good, fair, poor, very poor, or no fish.
Reaches fully supporting uses have an IBI of excellent or good, reaches partially
supporting uses have an IBI of fair, and reaches not supporting uses have an IBI of poor,
very poor, or no fish.

Intensive Survey Data

In the 1988-1989 biennium, nine intensive surveys were conducted to determine
if target streams were supporting their designated uses. Data were also evaluated for
36 additional surveys conducted between 1982 and 1987. Streams intensively surveyed
more than five years ago are considered as "evaluated waters", whereas streams
surveyed more recently are "monitored waters".

The streams were assessed by evaluating the biological communities (refer to
Table 3), physicochemical, toxicity, and habitat data, as well as known watershed
activities in concert with direct observation and professional judgement. Stream
mileages were grouped as supporting, partially supporting, or nonsupporting designated
uses. Streams are considered to support designated uses if no impacts, or only minor
impacts to the biotic integrity, physical habitat, and water quality are observed.
Streams are determined to be partially supporting when the data indicate either
stressed biotic communities, minor violations of water quality criteria, or some physical
impairment to aquatic habitats. Nonsupporting streams are those showing severe
stress, such as sustained species deletions, trophic imbalances in the biotic

communities, chronic violations of water quality criteria, and severely impaired aquatic
habitats.
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Kentucky Department of Fish and wildlife Resources Data

The Division of Water extended its analysis of stream use support by
developing questionnaires on unmonitored streams and sending them to Conservation
Officers of the Kentucky Department of Fish and wildlife Resources (KDFWR). The
questionnaire results were utilized in the evaluated category of assessed waters. Sixty-
six of 120 questionnaires were returned, a response of slightly over 50 percent.

Each questionnaire was divided into two sections. A habitat evaluation
section ineluded questions on major land uses in the stream basin, flow, bottom type,
sedimentation, and water quality. If water quality was stated to be less than good, the
respondent was asked to indicate why a fair or poor evaluation was given.

Fisheries support was evaluated through questions regarding stream fishery
characterization, reproduction (as indicated by presence or absence of both young-of-
year (y-o-y) and adult sport fishes), fishery success, and trend of the fishery over the
last 10 years. If the fishery was felt to be poor, the respondent was asked to indicate
why.

In this evaluation of use support, only those questionnaire responses
indicating definite support or nonsupport were used. Partial support was not assessed.
A stream was considered to fully support WAH use if:

(1) the stream supported a good fishery,

(2) both y-o-y and adult sport fishes were present, or if only y-o-y were
present, the stream was a tributary to a stream supporting the WAH use,
and

(3) water quality was judged good.

A stream did not support the WAH use if:

(1) the stream supported a poor fishery,

(2) few or no fish were present in the stream, and

(3) water quality was judged poor and/or repeated fish kills were known to
occur.

The questionnaires proved useful in evaluating the support or nonsupport of
use in streams. The concept of utilizing sport fishery information was adopted from the
Ilinois 1986 305(b) report. While the questionnaire was somewhat rudimentary, it was
useful and helped to increase the number of assessed streams in the state.

Another source of data for the evaluated category was a list of streams
recommended by the KDFWR as candidates for State Outstanding Resource Waters.
They were recommended because of their outstanding value as sport fishing streams.
These streams were assessed as fully supporting warmwater aquatic habitat use if there
was no data which conflicted with the assessment.

Other Data Sources

The classification of streams as coldwater aquatic habitats (CAH) in
Kentucky's water quality standards regulations are established from data provided by
the KDFWR. Their field surveys indicate which streams can support a sustainable year
around trout fishery. These streams were considered to fully support their CAH use and
were considered as monitored waters in the assessment.
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Recent field work, conducted for the U.S. Fish and Vildlife Service,
identified streams in Kentucky which harbored the blackside dace, a federally
endangered species of fish. This work was considered as monitored data. These
streams are automatically classified as State Dutstanding Resource Waters and were
judged to fully support the WAH use.

Streams surveyed by the Xentucky State Nature Preserves Commission for
a special project to obtain background aquatic biota and water quality data in the oil
shale region of the state were utilized as "monitored" information in this report. The
information was published in a 1984 report entitled Aquatic Biota and Water Quality
and Quantity Survey of the Kentucky Qil Shale Region.

An announcement was placed in the Newsletter of the Kentucky Academy
of Science (KAS) which requested that current academic or other published reports on
biological data from streams in the state be sent to the DOW for use assessment
purposes. Two reports were received and both were utilized in the assessment. This
approach will be tried again for the next 305(b) Report because KAS members could
become a new source of biological data for many streams in the State.

Use Support Summary

Table 4 shows the results of the evaluated and monitored assessments on a
statewide basis. The threatened Category refers to stream miles which were judged to
be in danger of use impairment from anticipated land use changes or development of
trends indicating possible impairment.

Table | has more total assessed miles and more miles in the partial support
category because it included conclusions from ORSANCO's assessment of the
mainstem of the Ohio River and Missouri's assessment of the Mississippi River. Both
tables follow EPA guidelines which define fully supporting as meaning that all uses
which were assessed had to be fully supporting before a segment could be listed under
that title. If a segment supported one use, but did not support another, it was listed as
not supporting. For instance, if a segment supported a warmwater aquatic habitat use,
but not a primary contact recreation use, it was listed as not supporting. A segment
would be listed as partially supporting if any assessed use fell into that category even
if another use was fully supported. Many streams were assessed for only one use
because data were not available to assess other uses.

Causes of Use Nonsupport

Table 5 indicates the relative causes of use nonsupport. Stream segment
lengths which either did not support or partially support uses were combined to
indicate the miles that were affected. Fecal coliform bacteria (pathogen indicators)
were the greatest cause of use impairment and affected primary contact use in 1,423
miles of streams and rivers. Organic enrichment/dissolved oxygen was the second
greatest cause of use impairment. It impaired warmwater aquatic habitat use in 500
miles of streams and rivers and moderately impacted an additional 23 miles. Organic
enrichment lowers dissolved oxygen in streams which causes stress on aquatic life.
Siltation was the third greatest cause of use impairment. It impaired warmwater
aquatic habitat use in 406 miles of streams. Siltation affects the use by covering

available habitat, preventing aquatic organisms from inhabiting streams that could
normally support them.
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Table 4

Summary of Assessed* Use Support

Degree of Assessment Basis Total

Use Support Evaluated Monitored Assessed
Miles Fully Supporting 4,375.2 2,054.4 6,429.6
Miles Fully Supporting 6.7 123.2 129.9

but Threatened

Miles Partially Supporting 361.0 906.8 1,267.8
Miles Not Supporting 480.4 1,249.4 1,729.8
TOTAL 5,223.3 4,333.8 9,557.1

*Excludes mainstems of Ohio and Mississippi rivers; refer to ORSANCO and Missouri
305(b) Reports for assessments.

Sources of Use Nonsupport

Sources of use nonsupport were assessed under point and nonpoint
categories and are listed in Table 6. Nonpoint sources as a whole affected about twice
as many miles of streams as point sources. Municipal point sources and agriculture
nonpoint sources were the leading sources of use nonsupport, each affecting over 1,000
miles of streams. Primary contact recreation was the major use impaired by
municipal sources and was caused by fecal coliform pollution. Agriculture affected
warmwater aquatic habitat use because of siltation and primary contact recreation use
because of fecal coliform contamination.
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Table 5
Causes of Use Nonsupport in Rivers and Streams

Miles Affected

Cause Major Moderate/Minor

Category Impact Impact
Pathogen indicators 1423.5 0
Organic enrichment/D.O. 500.4 23.4
Siltation 406.1 18.3
pH 261.2 13.3
Metals 249.4 146.4
Nutrients 222.0 32.1
Salinity/TDS/Chlorides 164.0 20.1
Priority organiecs 124.8 0
Unknown toxicity 109.5 13.0
Other habitat alterations 98.2 54.8
Oil and grease 37.3 0
Suspended solids 35.0 0

Table 6

Sources of Use Nonsupport in Rivers and Streams

Miles Affected

Source Major Moderate/Minor
Category Impact Impact

Point Sources

Municipal 1151.3 25.4
Industrial 182.5 29.7
Combined sewer overflows 0 0
TOTAL 1333.8 55.1
Nonpoint Sources
Agriculture 1046.2 184.7
Resource Extraction 833.4 34.3
Urban runoff/Storm sewers 218.7 41.6
Hydro-Habitat modification 153.0 0
Land disposal/Septic tanks 74.9 49.5
Construction 2.5 0
TOTAL 2328.7 310.1

Unknown 204.3 0
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Rivers and Streams Not Fully Supporting Uses

Table 7 lists streams and rivers which did not fully support warm water
aquatic habitat (denoted as aquatic life) and primary contact recreation (denoted as
recreation) uses. Stream miles affected and causes and sources of nonsupport are also
listed.

Attainment of Clean Water Act Goals

The Clean Water Act sets a national goal that, wherever attainable,
water quality should provide for the protection and propagation of fish, shellfish, and
wildlife and provide for recreation in and on the nation's waters. These are often
referred to as the fishable/swimmable goals of the Act. The data utilized to assess use
support were evaluated in terms of the above goals. If warmwater aquatic habitat use
was fully or partially supported, the fishable goal was assessed as fully or partially met.
If a stream was not supporting the use, the fishable goal was not met. If the primary
contact recreation use was supported or partially supported, then the swimmable goal
was fully or partially met. If the use was not supported, the goal was not met. Table 8
summarizes the attainment of the fishable/swimmable goals for Kentueky's rivers and
streams. The fishable goal was met in more of the assessed waters than the swimmable
goal. The swimmable goal was not met in about 60 percent of the assessed waters. As
pointed out in the previous discussion, fecal coliform pollution is the major cause of this
goal not being achieved. There is a difference in miles assessed for these goals because
more biological data was available to assess the fishable goal than was bacteriological
data to assess the swimmable goal.

Table 8

Attainment of Clean Water Act Goals
in Rivers and Streams

Goal Attainment Fishable Goal Swimmable Goal
Miles meeting 6,913.6 1,481.2
Miles partially meeting 1,701.8 575.9
Miles not meeting 722.9 1,537.6
Miles assesseed 9,338.3 3,594.7
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Trend Analysis

The Seasonal Kendall Trend Analysis technique was used for the analysis of time
trend in seasonally varying water quality data from fixed, regularly sampled monitoring
sites. This test is a non-parametric statistical analysis developed by the U.S.
Geological Survey that analyzes the variation of data in each month over time.
Concentrations of water quality constituents are often related to streamflow. In order
to remove the effect of streamflow, flow adjustment procedures can be used. A time
series of flow adjusted concentrations is developed, and that series is tested for trends.
The flow adjusted concentration is defined as the actual concentration minus the
expected concentration predicted from a discharge constituent regression equation.

Trends on flow-adjusted concentrations were determined at stations where the
coefficient of determination (R2) was greater than 0.5 and the regression was
significant at the 95 percent probability level. If these conditions were not met, trend
analysis was conducted on the raw data concentrations. For either the raw data or the
flow adjusted data, the trend "p" level is the level of statistical significance of the
Seasonal Kendall test. Values of "p" less than 0.05 are considered here to be significant
and indicate a trend.

The methods described above were applied to the 45 stations in the DOW
ambient monitoring network. The time frame for this analysis varies from station to
station, depending on when station sampling was begun, or when a significant change in
the basin occurred. In addition to these stations, the Ohio River Valley Water
Sanitation Commission (ORSANCO) operates stations on the lower main stems of large
rivers in Kentucky that flow into the Ohio River. ORSANCO has conducted trend
analyses at their stations, using flow adjusted concentrations only. Results from DOW's
and ORSANCO's analyses are presented in Appendix A, which also lists summary water
quality statisties for the stations tested for trends.

The data in the appendix shows the variability of water quality and trends in
Kentucky. Some parameters are increasing at various stations and decreasing at others.
An effort to determine the magnitude of trends was not conducted for this report, but
should be conducted as a follow-up to this analysis to further determine the relative
importance of a reported trend. Several stations stand out for further review: the Nolin
River at White Mills, the South Fork of Elkhorn Creek near Midway, Levisa Fork at
Pikeville, and Clarks River at Almo. The Nolin River data indicates an increase in
specific conductance, pH, chlorides, sulfate, total phosphorus, total recoverable zing,
BOD, and suspended solids. These increases may be the result of contributions from the
City of Elizabethtown's wastewater treatment plant. The South Fork of Elkhorn Creek
data are indicating increasing dissolved oxygen, and decreasing specific conductance,
alkalinity, and total phosphorus. These improvements are attributed to increased
treatment of wastewater at the City of Lexington's Town Bran¢h wastewater treatment
plant.

In addition to specific stations, some parameters exhibit trends statewide. Total
phosphorus decreased at all stations in the Big Sandy and Cumberland River Basins, and
at seven other stations statewide. It increased at three stations. The pH is increasing
at many stations, and not decreasing at any. Total recoverable lead is decreasing at
most stations in the Green River Basin, decreasing at ten stations in other basins, and
increasing at three stations. Chloride is increasing in 14 stations statewide and
decreasing in only one. Specific conductance is increasing in 12 stations and decreasing
in three. Specific causes for these trends are not readily apparent.
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Public Health/Aquatie Life Impacts: Toxies

The biological monitoring program focuses on the protection of aquatic life from
toxies and conventional pollutants. However, one of the underlying themes of aquatic
life protection is public health protection. The DOW has played an increasing role in
public health protection through assessing the need for fish consumption advisories
based on fish tissue contamination by toxic pollutants. In addition, the Division
assisted EPA in a national study to determine the extent of dioxin, chlordane and PCB
contamination in fish tissue. These are discussed below. An update of the preliminary
list of waters impaired by toxic pollutants (the 304(l) waters) which was reported in the
1988 305(b) Report is also provided in this section.

Fish Consumption Advisories

Four individual fish consumption advisories are currently in effect within
the Commonwealth of Kentucky. Two of these, Town Branch/Mud River and West Fork
Drakes Creek, were discussed in the 1988 305b report and are still in place. Two new
fish consumption advisories were issued in 1989 and involve Little Bayou Creek
(McCracken County) and four locations on the Ohio River. All four advisories are
briefly summarized in Table 9, and are discussed in detail below.

All of the advisories are based on contaminant residues exceeding the
respective Federal Food and Drug Administration (FDA) action levels in edible portions
(fillets). For each advisory, PCBs are a contaminant of concern; chlordane is also of
concern at three of the Ohio River locations. In each case, the advisories were jointly
agreed upon and issued by the Kentucky Natural Resources and Environmental
Portection Cabinet (KNREPC), the Kentucky Department of Fish and Wildlife
Resources (KDFWR), and the Cabinet for Human Resources (CHR).

Town Branch/Mud River. This advisory was discussed in the 1988 305b
Report. Clean-up activities have been conducted on-site and at several off-site
locations. Groundwater monitoring has been initiated and sediment clean-up in Town
Branch is scheduled to begin in 1990. Fish-tissue monitoring will also be conducted
during these clean-up activities.

West Fork Drakes Creek. This advisory was also included in the 1988 305b
report. Fish-tissue monitoring has been continued and the PCB levels appear to be
declining. Additional sampling was done during 1988 and the stream is scheduled to be
sampled during 1990.

Little Bayou Creek. This stream was placed under a fish consumption
advisory in April, 1989, after the DOW received and reviewed fish-tissue data from the
Paducah Gaseous Diffusion Plant (PGDP). The plant is currently conducting on-site
clean-up activities, monitoring effluent quality, and performing groundwater studies.
Chemical, ecological, and fish-tissue evaluations have been conducted in Big and Little
Bayou Creeks by the University of Kentucky. Fish samples collected from nearby ponds
on the West Kentucky Wildlife Management Area and from Metropolis Lake generally
do not indicate PCB contamination. Additional monitoring at the PGDP is scheduled
during 19990.

The Ohio River. This advisory was based on fish-tissue samples collected
and analyzed in cooperation with ORSANCO during 1987 and 1988 (Table 10). After
reviewing the data from both years, Kentucky proceeded to issue a fish consumption
advisory at four locations where PCBs and/or chlordane exceeded the respective
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FDA action levels (2.0 and 0.3 ppm respectively); only the species which exceeded FDA
action levels were listed in the advisory. The advisory was interpreted by ORSANCO to
include the entire pool in whieh the sampling site was located.

Based on 1989 ORSANCO data (Table 10), the advisory was amended to
cover Kentucky's portion of the Ohio River. Follow-up sampling at the sites of concern
was recommended to be included in ORSANCO's 1990 sampling schedule.

National Bioaccumulation Study

Eleven locations in Kentucky have been sampled as part of the National
Dioxin Study and the National Bioaccumulation Study conducted by U.S. EPA. The
Division of Water participated in these studies by providing information on sampling
locations and by collecting fish samples for analysis by U.S. EPA/Region IV. Samples
representing nine species have been collected and analyzed during these studies. Three
major contaminants have been found: chlordane, dioxin, and PCBs (Table 11).

Data from these studies indicated two areas where FDA action levels were
exceeded in fillet samples: the Ohio River at West Point and the Mud River at
Cooperstown. Both of these areas are currently under a fish consumption advisory.

Only one sample collected by Kentucky during these studies has approached
the FDA action level for dioxin (25 Ppt). A 1989 composite fillet sample taken from
two striped bass collected in the Big Sandy River near Catlettsburg, Kentucky was
analyzed by U.S. EPA/Region IV and found to contain 22.8 ppt dioxin (Table 11). As a
result, follow-up fish and sediment sampling will be conduected in this area. Currently,
no fish consumption advisory has been issued.

Table 10
PCB and Chiordane Concentrations in ORSANCO
Fish Samples, 1987-1989

(ppm)
PCBs Chlordane

Location Species 1987 1988 1989 1987 1988 1989
Greenup Carp 0.47 NS NS 0.07 NS NS

Channel Catfish 0.37 NS NS 0.07 NS NS

Walleye ND NS NS ND NS NS
Meldahl Carp <0.1 0.51 0.02 <0.05

Smallmouth Buffalo 0.60 <0.10

Channel Catfish 0.18 0.20 0.03 0.16

White Bass 0.65 <0.05

Bass 0.13 ND
Licking River Carp ND NS NS ND NS NS
at Covington Channel Catfish ND NS NS ND NS NS

Largemouth Bass ND NS NS ND NS NS
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Table 10 (Continued)

PCBs Chiordane
Location Species 1987 1988 1989 1987 1988 1989
Mill Creek Carp ND NS ND NS
Channel Catfish 2.76% 2.54* NS 0.30* 0.28 NS
White Bass 3.24* 0.77 NS 0.16 0.05 NS
Markland Carp 0.17 NS NS 0.01 NS NS
Channel Catfish 0.74 NS NS 0.12 NS NS
White Bass NS NS NS NS
Crappie/Bass 0.57 NS NS 0.02 NS NS
McAlpine Carp 0.74 0.24
Channel Catfish ND 4.60* 2.63* ND 0.60* 0.43*
Smallmouth Buffalo 0.17 <0.10
White Bass
White Crappie <0.05 <0.10
Freshwater Drum 0.62 <0.10
Carp/Bass/Sauger  0.08 0.01
West Point Carp 0.27 2.35* NS 0.76* 0.35* NS
Channel Catfish 2.76* 0.64 NS 0.88* 0.10 NS
White Bass 2.20* NS 0.12 NS
Black Bass 0.06 NS <0.05 NS
Cannelton Carp 0.18 NS 0.13 0.08 NS <0.10
Channel Catfish 0.92 NS 1.65 0.18 NS 0.21
White Crappie NS <0.05 NS <0.10
Walleye/Sauger <0.1 NS ND NS
Newburgh Carp ND NS ND NS
Channel Catfish 0.27 NS 1.66 0.07 NS 0.32*
Smallmouth Buffalo NS 0.60 NS <0.10
White Bass NS 0.23 NS <0.10
Crappie 0.10 NS ND NS
Green River Carp 0.13 NS NS ND NS NS
at Seabree Channel Catfish 0.13 NS NS ND NS NS
White &
Smallmouth Bass ND NS NS ND NS NS
Uniontown Carp 0.19 NS NS 0.04 NS NS
Channel Catfish ND NS NS ND NS NS
Crappie ND NS NS ND NS NS
Smithland Carp 0.45 NS 1.66 0.07 NS <0.10
Channel Catfish 2.48* NS 0.43 0.21 NS <0.10
Blue Catfish NS 0.23 NS <0.10
Bigmouth Buffalo NS 0.21 NS <0.10
Smallmouth Bass 1.03 NS ND NS

NS = Not Sampled, ND = Not Detected, * = Exceeds FDA Action Level
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Table 11
National Bioaccumulation Study Results
(Dioxin, Chlordane, PCBs) for Kentucky

Dioxins (ppt)

2,3,7,8 2,3,7,8 Chlordane PCBs
Site TCDD TCDF TEC (ppm) (ppm) % Lipid
Big Sandy River
Catlettsburg (1987)
Carp (WB; n=5) 4.38 3.05 5.72 0.215 1.218 7.0
Sauger (F; n=4) 0.67 ND 0.87 0.0046 0.094 0.6
Catlettsburg (1989)
Carp (WB; n=3) 3.22 1.42 4.47 - - 7.5
Carp duplicate 2.26 1.38 3.64 - - 7.8
Carpsucker (WB; n=3) 1.90 0.68 1.97 0.0702 0.504 2.8
Carpsucker duplicate - - - 0.0729 0.529 2.9
Striped Bass (F; n=2) 21.55 3.62 22.8 0.0733 0.741 1.2
Ohio River
Cannelton (1984)
Carpsucker (WB; n=1) - - 3.9 0.426 1.777 8.8
Carpsucker (F; n=2) - - ND - - -
Sauger (WB; n=2) - - 4.1 - - -
Sauger (F; n=1) - - ND - - -
Markland (1985)
Carp (WB; n=2) - - 13.0 - - -
Carp (F) - - 6.4 - - -
Largemouth Bass
(WB; n=5) - - 4.2 - - 2.5
Largemouth Bass (F) - - ND - - 2.5
Uniontown (1984)*
Bottom feeder
(WB) - - 3.4 - - -
Predator
(WB) - - ND - - -
West Point (1984)*
Bottom feeder
(WB) - - 5.2 - - -
Predator
(WB) - - 2.1 - - -
West Point (1987)
Carp (WB; n=3) 4.38 3.23 7.37 0.403 1.366 7.2
Largemouth Bass
(F; n=5) ND ND 0.00 - - 2.5



Table 11 (Continued)

Dioxins (ppt)

2,3,7,8 2,3,7,8 Chlordane PCBs
Site TCDD TCDF TEC (ppm) (ppm) % Lipid
Cave Run Lake
1984
Carp (WB; n=3) - - ND - - _
Kentucky River
Gest (1985)
Carp (WB; n=2) - - 0.8 - - -
Largemouth Bass
(WB; n=2) - - ND - - -
Largemouth Bass - - ND - - -
(F; n=3)
Mud River
Cooperstown (1987)
Carp (WB; n=3) ND 23.53 3.16 0.195 24.12 7.4
Rock Bass (F; n=5) ND 8.63 0.88 0.0052 0.780 1.1
Green River
Beech Grove (1984)
Carp (WB; n=4) - - ND - - -
Kentucky Lake
1984
Carp (WB; n=5) - - ND - - -
Mississippi River
Wiekliffe (1988)
Carp (WB; n=4) 4.75 6.46 6.79 0.124 0.757 7.4
Carp duplicate 4.48 6.79 6.55 - - 7.3
White Bass (F; n=7) 1.42 2.91 1.98 - - 1.9

WB = Wholebody, F = fillet, ND = nondetected, TEC = toxicity equivalent
concentration, n = number of fish analyzed

*Information obtained from U.S. EPA. 1987. The National Dioxin Study: Tiers 3,5,6
and 7. EPA 440/4-87-003. U.S. EPA, Washington, D.C. 20460.

37



Section 304(l) Waters

Section 304(l) of the 1987 Clean Water Act amendments required states to
list waters impaired by: 1) point source discharges of toxie (priority or 307(a))
pollutants; 2) point and/or nonpoint (or unknown) sources of toxie pollutants causing
violations of state numeric water quality standards; and 3) conventional or
nonconventional pollutants from any source. These three lists have been commonly
referred to as the short, mini, and long lists, respectively. As the intent of 304(l) was
primarily to identify streams with toxie pollutant problems from point sources, the
short list was the focus of the effort.

Kentucky presented the methodology and preliminary 304(l) lists in its 1988
305(b) report. Following several more months of data collection and evaluation, the
final State lists (including seven industrial and 14 municipal facilities, two Superfund
sites, and one U.S. Department of Energy facility on the short list) were submitted to
EPA on February 4, 1989. This list differed from the preliminary short list in that
three muniecipalities and nine industrial facilities were deleted because more recent
data indicated that the water quality problem had been resolved due to more effective
controls, or a facility no longer had an active point source discharge. Examples of
the latter case included facility closure, product line changes, or routing of process
wastewater to a municipal sewer system. For those facilities on the State's "final"
short list, individual control strategies (ICS), consisting of adequate KPDES permits,
were already finalized or drafted for all but seven municipalities. (If the states
refused to issue revised permits by objecting to either the listing itself or the permit
conditions, EPA was prepared to issue the permit).

EPA approved the majority of Kentucky's final lists on June 4, 1989, but
disapproved those six municipalities for which permits did not yet contain
biomonitoring requirements to control toxicity. However, it was understood that
Kentucky would have these permits in draft form by June 4, 1990, in final form by
February 4, 1991, and that the facilities would be in compliance by June 4, 1993. The
approved ICSs for the other 17 facilities were required to be final as of February 4,
1990, and these facilities must comply with their permits by June 4, 1992, EPA also
determined on June 4 that two bleached-kraft paper mills should be short-listed for
dioxin.

EPA then weighed existing and new information and solicited public
comment. Based on these deliberations, final lists, pollutant loadings, and ICS statuses
were published on February 4, 1990. These lists differed from the final State lists
submitted a year earlier in the following areas: 1) the City of Danville was deleted
from the short list; 2) the two Superfund sites, Maxey Flats low-level radioactive
waste disposal facility and Smith Farm landfill, were given deferred decisions due
largely to the difficulty in defining them as point sources; and 3) two stream segments,
Muddy Creek (a tributary to Rough River) and the Upper Green River, were added to
the long list as a result of information contained in the SARAH Title III data
submissions by the regulated community. The two bleached-kraft paper mills which
EPA had proposed placing on the short list on June 2, 1989 were not included on the
final short list because of data made available to EPA during the comment period.
These data showed that: 1) dioxin levels in the effluents were not sufficient to cause
instream problems due to the large dilution flows in the Ohio River and Mississippi
River; and 2) dioxin levels found in fish flesh were not significantly higher downstream
of the paper mills than upstream of the mills. The final mini and short lists (Tables 12
and 13) are provided in this report to update the preliminary lists presented in the 1988
305(b) Report. The ICS strategies approved as of June 2, 1989 are provided in Table 14
and the statuses of the disapproved ICS's are provided in Table 15. The long list can be
found in the 1988 305(b) Report.
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Table 12
304(1)(A)(i) or Mini List

Waterbody Reach Number Toxies
Licking River 05100101 Zine
Stoner Creek 05100102 Zine
South Fork Licking River 05100102 Metals
North Fork Kentucky River 05100201 Zine
Red River 05100204 Zine
Town Br. & S. Elkhorn Cr. 05100205 Zine
Valley Creek 05110001 Cadmium
Zine
West Fork and Drakes Creek 05110002 PCBs
Town Br. and Mud River 05110003 PCBs
Unnamed tributary and 05130101 Zine
East Fork Lynn Camp Creek
Cumberland River 05130101 Zine
Unnamed tributary and 05130205 Zine
South Fork Little River
Little River 05130205 Zine
Cumberland River 05130205 Zine
Chenoweth Run 05140102 Zine
Pond Creek 05140102 Zine,
Cadmium
Chromium
Salt River 05140102 Zine
Bayou Creek/Little Bayou Creek 05140206 PCBs
E. Fork Clarks River 06040006 Zine
Mayfield Creek 08010201 Zine




Table 13
304(1)(B) and (C) or Short List

Amount to
Point Source Reach Be Controlled
Name Waterbody Number Polutant(s) (1b/day)
Paris STP Stoner Creek 05100102 Lead 0.51
Lexington (Town Br.) Town Br. & 05100205 Lead 1.73
STP S. Elkhorn Cr. Copper 3.37
North American Unnamed trib. 05100205 Lead 0.03
Phillips Lighting & Clarks Run
Eminence STP Fox Run 05140102 Copper 0.54
Magnet Wire Co. Ash Run 05140101 Copper 0.12
Cardinal Aluminum Pond Creek 05140102 Copper 0.26
(N. Ditch) Silver 0.04
Cardinal Extrusions Spring Ditch 05140102 Copper 0.01
& Pond Creek - Silver 0.002
Campbellsville STP Little Pitman Cr. 05140102 Copper 2.40
Lead 0.48
Elizabethtown STP Valley Creek 05110001 Cadmium 0.79
Zine 8.79
Horse Cave STP Hidden River 05110001 Copper 0.38
(underground Silver 0.13
to Green River)
Madisonville STP Unnamed trib. 05110006 Lead 0.47
& Flat Creek
Corbin STP Lynn Camp Creek 05130001 Copper 0.85
National Standard Co.  Unnamed trib. & 05130205 Zine 0.14
East Fork Lynn
Camp Creek
Russell Co. STP Big Lily Cr. 05130103  Copper 1.12
Pop Fasteners Unnamed trib. & 05130205 Zine 0.02
South Fork Little
River
Hopkinsville North Fork 05130205 Copper 0.56

Northside STP

Little River




Table 13 (Continued)

Amount to
Point Source Reach Be Controlled
Name Waterbody Number Pollutant(s) (1b/day)
Hopkinsville North Fork 05130205 Copper 0.66
Hammond-Wood STP Little River
Jeffersontown STP Chenoweth Run 05140102 Zinec 6.71
Marion STP Rush Creek 05140102 Copper 1.13
Paducah Gaseous Bayou Creek/ 05140206 PCBs 4.8 ug/l*
Diffusion Plant Little Bayou
(U.S. Dept. of Creek
Energy)
B.F. Goodrich Tennessee River 06040006 1,2-Dichloro- 12.27
ethane
*ug/l = micrograms/liter = 1076 grams/liter
Table 14
Individual Control Strategies
Approved as of June 2, 1989
KPDES
Point Source Waterbody Permit No. ICS Status
Paris STP Stoner Creek KY0021059 Final permit issued;
acceptable ICS
Lexington (Town Br.) Town Br. & KY0021491 Final permit issued;
S. Eikhorn Cr. acceptable ICS
North American Unnamed trib. KY0002607 Draft permit; if permit
Phillips Lighting & Clarks Run is issued by 2/4/90 as
drafted, the ICS would
be acceptable
Eminence STP Fox Run KY0026883 Final permit issued;
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Table 14 (Continued)

KPDES
Point Source Waterbody Permit No. ICS Status
Magnet Wire Co. Ash Run KY0002208 Final permit issued;
acceptable ICS
Cardinal Aluminum Pond Creek KY0071978 Final permit issued;

Cardinal Extrusions

Horse Cave STP

National Standard Co.

Russell Co. STP

Pop Fasteners

Hopkinsville
Hammond-Wood STP

Marion STP

Paducah Gaseous
Diffusion Plant
(U.8. Dept. of

Energy)
B.F. Goodrich

Spring Ditch
& Pond Creek

Hidden River
(underground

to Green River)
Unnamed trib. &
East Fork Lynn
Camp Creek
Big Lily Creek
Unnamed trib. &
South Fork
Little River

North Fork
Little River

Rush Creek

Bayou Creek/
Little Bayou

Tennessee River

KY0034835

KY0041092

KY0003778

KY0062995

KY0003786

KY0066532

KY0020661

KY0004049

KY0003484

acceptable ICS

Final permit issued;
acceptable ICS

Final permit issued;

acceptable ICS

Final permit issued;
acceptable ICS

Final permit issued;
acceptable ICS
Final permit issued;
acceptable ICS
Final permit issued;

acceptable ICS

Final permit issued;
acceptable ICS

Final permit issued;
acceptable ICS

Final permit issued;
acceptable ICS
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Table 15
Individual Control Strategies
Disapproved as of June 2, 1989 and Current Status

KPDES Current
Point Source Waterbody Permit No. ICS Status
Campbellsville STP Little Pitman Cr. KY0054437 Draft permit; if

permit is issued by
2/4/91 as drafted, the
ICS would be

acceptable

Elizabethtown STP Valley Creek KY0022039 Final permit issued;
acceptable ICS

Madisonville STP Unnamed trib. KY0022942 Final permit issued;
& Flat Creek acceptable ICS

Corbin STP Lynn Camp KY0020133 Final permit issued;
acceptable ICS

HopkinSville North Fork Little KY0023388 Final permit issued;
Northside STP River acceptable ICS

Jeffersontown STP Chenoweth Run KY0025194 Final permit issued;

acceptable ICS

Public Health/Aquatie Life Impacts: Non-toxies

Non-toxies are conventional pollutants such as chlorine, un-ionized
ammonia, oxygen demanding substances, and pathogenic organisms such as bacteria and
viruses. These pollutants are a cause of concern because they are often responsible for
fish kills, or like bacteria and viruses, can pose a threat to human health. Reports on
fish kills, bacteriological evaluations of streams, and beach closures are discussed
below.

Fish Kill Incidents

Forty-two fish kill reports were received by KDFWR between January 1,
1988 and December 31, 1989. These involved slightly more than 153 stream miles and
nine surface acres on 35 different waterbodies. Fourteen major causes were identified,
with organic enrichment by wastewater treatment plants (WWTPs) or animal wastes,
and petroleum-related pollution being predominant (33%). Over 541,000 fish valued at
approximately $133,000 were estimated to have been killed. The single largest fish kill
during this period was caused by a thermal discharge to the Green River. Almost half
(20) of the fish kills investigated occurred in July, August, and September. Table 16
summarizes the severity, causes, and locations of fish kills during 1988-89. Appendix B
shows a more detailed list of the fish kills which were investigated.
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Table 16
Fish Kill Summary

Number Reported
1988 1989 Total

Severity: Light (<100) 0
Moderate (100-1,000) 8
Major (>1,000) 10
Unknown 1
Total 19 2

WO OO
—
Yo

Cause: Sewage (WWTP) 4
Agricultural operation 1
Mining or oil operation 2
Oil or chemical spill 3
Natural (low D.O., ete.) 4
Misc. (sediment, heated water, 2
ete.)
Unknown 3
Total 19 2

LWWMN—N=

W
S
N

| River Basin: Big Sandy
Licking
Kentucky
Salt
Green
Upper Cumberland
Lower Cumberland
Tennessee
Ohio tributaries
Total

—

OO OoO W=
WA OMNWPRE=
NW O WO U

—
(3]
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Approximate number of stream miles 105.6 47.8 153.3
Approximate acres of lakes 0 9 9
Estimated number of fish killed 319,212 222,330 541,542

A ten year synopsis (1980-89) of fish kill records is shown in Table 17.
During this period, the number of major (>1000 fish) fish kills occurring each year has
remained fairly low (<10). For the current 305(b) reporting period (1988-89), the
number of fish kills recorded (42) and the number of waterbodies affected (39) are lower
than the previous four 305(b) reporting periods; however, the number of stream miles
affected (153.34) and the number of fish killed (541,542) are higher than in previous
periods.




Fish Kill Synopsis, 1980-1989

Table 17

Number Number
Number of Stream Surface Number Major

of Water- Miles Acres Fish Fish Known
Year Incidents bodies Affected Affected Killed Kills* Causes
1979 15 15 NR NR NR NR 5
1980 24 25 53.21 - 224,163 10 10
1981 26 30 74.33 - 81,266 7 10
1982 26 28 51.95 42-103 98,436 5 12
1983 36 41 51.32 7.0 76,187 8 19
1984 33 35 67.28 47.5 106,514 7 18
1985 29 27 86.88 4.5 59,499 5 9
1986 23 20 23.34 47.0 129,560 8 9
1987 30 32 58.29 200.0 229,583 10 14
1988 19 16 105.56 - 319,212 10 10
1989 23 23 47.78 9.0 222,330 9 11
Total - - 619.94 418.90 1,546,750 79 -

*>1000 fish killed

NR = Not Recorded
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Bacteriological Evaluations of Recreation Uses

During the 1988 - 1989 recreation seasons, bacteriological surveys were
conducted in the areas listed below. Fecal coliform, fecal streptococeci, and
Escherichia coli (E. coli) bacteria are measured in water samples as indicators of other
disease-causing bacteria. The most common illnesses experienced from swimming in
fecally polluted waters are gastroenteritis, ear infections, and skin infections
(swimmers itch).

Little River Basin

Brooks Run, Jefferson County

Kentucky River at Frankfort

Big Sandy River Basin

Yellow Creek

Elkhorn Creek River Basin

Kentucky River at Fort Boonesborough State Park.

00 0OO0O0O0OO0

The Little River and Yellow Creek bacteriological surveys were part of an
intensive survey. The Big Sandy River and Elkhorn Creek basins were surveyed as a
result of these streams being reported as not supporting primary contact recreation
(PCR) use in the 1986 305(b) Report. The Kentucky River at Fort Boonesborough State
Park was surveyed at the request of the Department for Human Resources in response
to closing the beach because of fecal coliform contamination. Brooks Run was surveyed
as a result of media concern over its use for baptisms. Other surveys were conducted
as a result of enforcement action or complaint investigations. ‘Primary contact
recreation use support was evaluated using the following criteria: if the geometric
mean (GM) of the fecal coliform (FC) counts from a minimum of five samples was
above 200 colonies / 100 ml, or if less than five samples from a site were collected and
any counts were above 400 colonies / 100 ml, the use was not supported. The results
from the above evaluations were incorporated into the use support assessments reported
in this chapter.

Beach Closures

During the 1988 - 1989 PCR seasons, beaches were closed at three state
parks by the Department of Parks. They were:

o July 9, 1988 Fort Boonesborough State Park. Closed for the season
due to drought conditions and bacterial contamination.

o July, 1988 John James Audubon State Park. Closed due to
bacterial contamination.



o] June 23, 1989 Greenbo Lake State Resort Park. Closed for the season
due to bacterial contamination.

o July 27, 1989  Fort Boonesborough State Park. Closed for the season
due to bacterial contamination.

Wetland Information

Wetlands are among the most beneficial and productive ecosystems in the
world, with numerous integral functions and values, although historically they have been
regarded as wastelands. Wetlands have been described as "kidneys of the landscape”
because of their functions in hydrologic and chemical eyecling of wastes. A summary of
wetland funetions and values include: (1) flood storage capacity, (2) flood conveyance,
(3) sediment control, (4) biological nutrient source, (5) water quality enhancement, (6)
groundwater recharge, (7) habitat for wetland flora and fauna, (8) recreation, (9)
education and scientific research, (10) timber and food production, (11) abating
pollution, and (12) aestheties and open space. Because the public is beginning to realize
the importance of wetlands, especially to flood storage and water quality, regulatory
agencies are being asked to do more to protect these valued resources.

Wetlands are defined as land that has a predominance of hydric soils and
that is inundated or saturated by surface or groundwater at a frequency and duration
sufficient to support, and that under normal circumstances does support, a prevalence
of hydrophytic vegetation typically adapted for life in saturated soil conditions.
Therefore, three criteria are required to identify wetlands: (1) hydrophytic vegetation,
(2) hydric soils, and (3) hydrology. The problem with determining the boundaries of a
regulated wetland typically lies in the transition between wetland and upland where
identifying all three criteria can be difficult. The DOW participates with the U.S.
Army Corps of Engineers (COE) in jurisdictional delineations, and adheres to the 1989
Federal Manual for Identifying and Delineating Jurisdicational Wetlands, which is a
joint interageney publication by the COE, U.S. Fish and Wildlife Service (USFWS), U.S.
Environmental Protection Ageney (EPA), and U.S. Soil Conservation Service.

According to the most recent (1979) USFWS classification system, the
majority of Kentucky's wetlands fall in the Palustrine System. Areas lying shoreward of
rivers and lakes, including floodplains, oxbows, ponds, marshes, and swamps are
members of the Palustrine System. The broad alluvial floodplains of the Ohio and
Mississippi rivers and their tributaries in western Kentucky comprise the vast majority
of Kentucky's wetlands. The class type within these floodplain areas is mostly
bottomland hardwood forests with inclusions of serub-shrub and emergent types of
vegetation. Small ponds are common throughout the state and their area is difficult to
assess. However, ponds have important value as ecological epicenters.

The Riverine System includes all wetlands and deepwater habitats contained
within a channel that experiences continuously or periodically moving water or connects
two bodies of standing water. While wetlands of this type are not extensive in
Kentueky, they provide a unique habitat for many rare or endangered species, sustain
the hydrology for Palustrine Systems, and convey flood waters.

Lacustrine Systems, such as deep water habitats in lakes, are the least

ecologically significant type of Kentucky wetland. These systems are limited in
Kentucky to man-made lakes, their shorelines, and spillways.
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The loss of valuable wetland resources, and adverse impacts to remaining
areas, are of special concern to Kentucky. Over half of the original wetland acreage
has been destroyed. Nearly all of the areas that remain have been degraded by
pollutants, such as pesticides, acid mine drainage, siltation, brine water, and/or
domestic and industrial sewage. However, Kentucky still does not have an active
wetland monitoring program. There continues to be a poor understanding of what once
occurred, what is left, and current impacts and rates of loss.

Nonpoint source impacted wetlands, which were identified in the 1689
Kentucky Nonpoint Source Pollution Assessment Report, will be compiled and listed for
distribution. This list will be provided to appropriate regulatory and non-regulatory
agencies for the purpose of exchanging data, and for encouraging agencies to increase
education and regulatory efforts in those areas. Land owners will be encouraged to
implement best management practices designed for surface waters in protecting and/or
abating nonpoint source impacts to wetlands areas.

Few wetland studies have been conducted in Kentucky, although extensive
wetland systems occur in the Jackson Purchase area and western coalfields. One of the
most significant wetland studies was made by Mitch et al. (1982), whieh included
wetland classification, mapping, ecosystem modelling, and wetland management in the
western coalfield region of the state. Their analysis clearly revealed that coal mining
and oil extraction affected the health of wetlands in the coalfield region. Also, other
activities, such as logging, channelization, and impoundments have significantly altered
those wetlands. The major threats to Kentucky's wetlands are competing land use
activities and poor land management practices.

In 1985, the DOW provided funding to the Kentucky State Nature Preserves
Commission to determine the status of Kentucky's wetlands. Recommendations for
protection of remaining wetland areas were included in their 1986 report Wetland
Protection Strategies for Kentucky. Among their findings was an estimate that, as of
1978, 58 percent, or 929,000 acres, of the original 1,566,000 acres of wetland soils in
Kentucky had been drained. Further, it was estimated that only 20 percent of
Kentucky's wetland soils remain forested, which reflects a dramatic decline in
bottomland hardwood wetlands. The Kentucky Department of Fish and Wildlife
Resources estimates Kentucky's annual rate of wetland loss at 3,600 acres. This
information only provides a rough estimate of Kentueky's wetland trends. More
detailed analyses will be available at the conclusion of a current wetland mapping
project. Under the USFWS National Wetlands Inventory, all of Kentucky's wetlands will
be mapped by 1991.

Currently, in cooperation with the COE and the EPA, Kentucky has begun an
Advanced Identification (ADID) study under Section 230.80 of the 401(b)(1) Guidelines
to collect information on the natural value of wetlands in the western coalfield region
of Kentucky. The study area includes the four counties of Butler, Hopkins, Muhlenberg,
and Ohio. The general objectives of ADID are to identify wetland sites with areas of
high ecological value, which are in need of protection from future fill activities, and
areas of low ecological value, which could serve as potential future disposal sites. The
information gathered in the field and office will be used to produce maps depicting
wetlands that are suitable or unsuitable for mining activities. '

Kentucky has assumed primacy for all programs of the Clean Water Act
(CWA) with the exception of Section 404, the Dredge and Fill Permit Program. Under
Federal requirements, total authority for the 404 program cannot be extended to the
states since the COE retains jurisdiction over activities in "traditionally navigable




waters". The phrase "navigable waters" is defined as waters which are presently used,
have been used, or may be susceptible to use in transporting interstate or foreign
commerce, which includes areas subject to the ebb and flow of the tide, shoreward to
the mean high water mark. Under the terminology of the Federal regulations,
"navigable waters" is also known as "Phase I Waters", and the actual determining of
Phase [ Waters is made by the COE.

Waterbody areas, known as Phase [I and III Waters, which are not regarded
as "navigable waters" by the COE, could be administered by the state. Phase Il Waters
include tributaries and adjacent wetlands associated with Phase [ Waters. Phase III
Waters are the remainder of the waters of the state up to the headwaters. The state is
allowed to assume jurisdiction over these areas. The DOW has studied the feasibility of
administering the Dredge and Fill program, but concluded that the state lacked the
necessary funding and staff to assume primacy. However, should funding become
available, the Division is the logical state agency to assume the program.

Currently, wetland protection legislation does not exist for Kentucky.
Kentucky water quality standards regulations include wetlands as waters of the
Commonwealth, but do not provide specific wetlands criteria. Under these regulations,
three of Kentucky's wetlands have been proposed as outstanding resource waters. Since
wetlands are listed as waters of the Commonwealth within the regulations, they are
designated for all uses until specifically designated otherwise. The Division has
recently added the wetlands definition cited above to the proposed water quality
standards.

Under Section 401 of the CWA, the Division is applying applicable water
quality standards to wetlands. Section 401 states that "any applicant for a Federal
license or permit to conduct any activity including, but not limited to, the construction
or operation of facilities, which may result in any discharge into the navigable waters,
shall provide the licensing or permitting agency a certification from the State ... that
any such discharge will comply with the applicable (water quality) provisions ...".
Chapter 224 of the Kentucky Revised Statutes and Title 401, Chapter 5, Kentucky
Administrative Regulations provides that the Natural Resources and Environmental
Protection Cabinet has the authority to regulate the discharge of pollutants into any of
the waters of the Commonwealth, including wetlands, and is the Section 401 "certifying
agency". Title 40, Code of Federal Regulations, Part 121 provides that the certifying
agency may place "any conditions which are deemed necessary or desirable with respect
to the discharge or the activity." The Division has prepared a grant proposal to EPA
Region IV to develop specific 401 implementing regulations. Such regulations would
enhance wetlands protection at the state level.

Through the coordinated state review process for Section 404 and Section 10
activities, the Department for Environmental Protection provides all resource agencies
within state government an opportunity to comment on proposed activities within
regulated waters, including wetlands. The Department will consider all comments and
formulate a final, coordinated response, on behalf of the Governor, to the COE.
Typically, DOW and the Kentucky Department of Fish and Wildlife Resources provide
detailed comments on projects that may impact wetlands.
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CHAPTER 2

WATER QUALITY ASSESSMENT OF LAKES




WATER QUALITY ASSESSMENT OF LAKES

Section 314 of the Clean Water Act of 1987 requires that states submit a
lake water quality assessment as part of their biennial 305(b) report. Six areas are to
be included in the assessment. These are:

(1) An identification and classification acecording to eutrophiec condition of all
publicly owned lakes in a State.

(2) A general description of the State's procedures, processes, and methods
(including land use requirements) for controlling lake pollution.

(3) A general discussion of the State's plans to restore the quality of degraded
lakes.

(4) Methods and procedures to mitigate the harmful effects of high acidity and
remove or control toxies mobilized by high acidity.

(5) A list and description of publicly owned lakes for which uses are known to
be impaired, including those lakes which are known not to meet water
quality standards or which require implementation of control programs to
maintain compliance with applicable standards, and those lakes in which
water quality has deteriorated as a result of high acidity that may
reasonably be due to acid deposition.

(6) An assessment of the status and trends of water quality in lakes including
the nature and extent of pollution loading from point and nonpoint sources
and the extent of impairment from these sources, particularly with regard
to toxic pollution.

The U.S. Environmental Protection Agency (EPA) has developed a guidance
document (Guidelines for the Preparation of the 1990 State Water Quality Assessment
(305(b) Report), February 1989) which includes a section on lake assessment reports.
Kentueky's report generally complies with the guidelines suggested by the EPA.

Lake Identification

Appendix C lists publicly owned lakes for which data were available to
assess trophic status. Much of this information came from lake surveys conducted by
the Division of Water in 1981-1983 as part of an EPA cooperative agreement funded
under Section 314 of the Clean Water Act. Kentueky received additional Section 314
funds in 1989 to update the original assessment. Lakes are being resurveyed by the
Division of Water and Murray State University (under a Memorandum of Agreement)
over a two year period to reassess their trophie status. The information from the 1989
surveys was used in this report. The 1992 305(b) Report will utilize the information
collected from the lakes to be resurveyed in 1990. Not all of the significant publicly
owned lakes in Kentucky are included in the table because data has not been collected
from all such lakes. For purposes of this report, publicly owned lakes are those lakes
which are owned or managed by a public entity such as a city, county, state, or federal
agency where the public has free access for use. A nominal fee for boat launching
charged by concessionaires may oceur on some of these lakes. Lakes which are
publicly owned, but restrict public access because they are used solely as a source of
domestic water supply, are not included. These lakes do not qualify for federal
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restoration funds under the Clean Lakes Program and were not monitored in the lake
classification survey. EPA guidance suggests that all significant lakes be included in
state surveys. The term "significant" is to be defined by the state so that

all lakes which have substantial public interest and use would be included. For this
purpose, Kentucky considers all of the publicly owned lakes it has surveyed and listed
in Appendix C and also those which have not yet been surveyed, but gualify as a
publicly owned lake, as significant. All of these lakes have substantial local or regional
public interest and use.

Trophic Status

Lake trophic state was assessed by using the Carlson Trophic State Index (TSI)
for chlorophyll a. This method is convenient because it allows lakes to be ranked
numerically according to increasing eutrophy and also provides for a distinetion
(according to TSI value) between oligotrophie, mesotrophic and eutrophic lakes. The
growing season average TSI (chlorophyll a) value was used to rank each lake. Growing
season was defined as the April through October period. A distinction was made for
those lakes which exhibited trophic gradients. If lakes exhibited trophic gradients or
embayment differences, those areas were analyzed separately.

The chlorophyll a index has proven its ability to detect changes in trophic
condition. For instance, Carr Fork Lake data indicated that the lake was oligotrophic
in 1978, 1979, and 1980. The mean TSI for those years was 29. In 1981, the TSI was 52
which is in the eutrophic range. The index value indicated that the lake had undergone
a trophic state change. Subsequent inquiries revealed that the lake had been fertilized
by the Kentucky Department of Fish and wildlife Resources to increase fish
production.

While there are several other methods of evaluating lake trophic state, the
accuracy and precision of the chlorophyll a analytical procedure (determined from
Division of Water quality control data) and proven ability of the chlorophyll a TSI to
detect changes, made it the index of choice for eclassifying lakes in Kentucky's
program.

Chlorophyll a concentration data from the ambient monitoring program, and the
most current chlorophyll a data collected during the spring through fall seasons (a
minimum of 3 samples) by the U.S. Army Corps of Engineers (COE) on several
reservoirs which they manage, were used to update the trophic classifications for this
report. Other data were obtained from a report on a study of Lake Barkley conducted
by Dr. Joe M. King of Murray State University. Data averaged from water column
depths of up to 20 feet were used in calculating TSI values. Table 18 contains the
trophic state rankings of lakes of 5,000 acres or more in size and Table 19 lists and
ranks the trophic state of lakes less than 5,000 acres in size. Lakes which have
updated classifications are in bold face type. A "+" or "-" symbol is used to indicate a
trend of increasing or decreasing trophy. Trends were defined as a change of ten units
from a previous TSI score. This represents a doubling or halving of Secchi disk depth
and was chosen because it is a noticeable indication of change.

A summary of Tables 18 and 19 indicates that of the 99 classified lakes, 56
(56%) were eutrophic, 31 (32%) were mesotrophie, and 12 (12%) were oligotrophie.
This is based on the status of the major areas of lakes and does not account for the
trophic gradient that exists in some reservoirs nor the trophic status of the
embayments of others. The dynamic nature of these reservoirs makes it more
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Table 18

Trophic State Rankings for Lakes
5,000 Acres or Greater in Area
(by Carlson TSI (Chl a) Values)

Lake | TSI (Chl a)* Acres
Eutrophie

Barkley 61 45,600

Green River 55+ 8,210

Nolin 52 5,790

Kentucky 52 48,100

Mesotrophic

Rough River 48 5,100
Barren River 50 7,205
Beaver Creek Arm 57 (Eutrophic) 1,565
Skaggs Creek Arm 50 (Mesotrophic) 1,230
Cave Run 45 8,270

Oligotrophic

Cumberland 38 49,364
Lily Creek Embayment 58 (Eutrophic) 144
Beaver Creek Embayment 54 (Rutrophic) 742

Laurel River 34 4,990
Midlake-Laurel Arm 47 (Mesotrophic) 754
Headwaters-Laurel Arm 58 (Eutrophic) 316

Dale Hollow 33 4,300

*Scale: 0-40 Oligotrophic (nutrient poor, low algal biomass)

41-50 Mesotrophie (slightly nutrient rich, moderate amount of algal biomass)
‘ 51-69 Eutrophiec (nutrient rich, high algal biomass)
70-100 Hypereutrophic (very high nutrient concentrations and algal biomass)

Bold Type = Updated Classifications,
+/- = upward trend (more eutrophic) or downward (less eutrophic)trend
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Table 19

Trophie State Rankings for Lakes
Less Than 5,000 Acres in Area
(by Carison TSI (Chl a) Values)

Lake TSI (Chl a)* Acres
Hypereutrophie
Reformatory 17+ 54
Eutrophic

Swan 69 193
Arrowhead** 68 37
Fish 68 27
Spurlington 68+ 36
Wilgreen 68 169
Briggs 67 18
Campbellsville City 67+ 63
dericho 67+ 137
Marion County 67 21
Carpenter 66 64
Guist Creek 65 317
Kingfisher 85 30
McNeely 65 51
Buck 64 19
Kincaid 64 183
Taylorsville 64 3,050
Willisburg 64 126
Metropolis 63 36
Flat 62 38
Washburn 62 26
Doe Run 61+ 51
Mauzy 61 84
Burnt Pond 60 10
Long Pond 60 56
Turner 80 61
Greenbriar 59 66
Scenic 59 18
Shanty Hollow 59 135
A.J. Jolly 58 204
Energy 58 370
Grapevine 58 50
Chenoa 57 37
Corinth 57 96
Sand Lick Creek 57 74
Beaver 56 158
Bulloek Pen 56 134
Elmer Davis 56 149
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Table 19 (Continued)

Lake TSI (Chi a) Acres

Spa 56 240
Boitz 55 92
Corbin 55 139
General Bulter 55 29
Morris 55 170
Herrington 54 2,940
Malone 54 826
Moffit 54 49
Carr Fork 53 710
Shelby 53 17
Carnico 53 114
Williamstown 52 300
Linville 52 273
Mill Creek (Monroe County) 51 109

Mesotrophic

Liberty 50 79
Long Run 50 27
Luzerne 50 55
Salem 50 99
Pennyrile 50 47
Caneyville 49 75
Hematite 49 90
Honker 49- 190
Peewee 49 360
Beshear 48 760
Fishpond 48 32
Freeman 48 160
Greenbo 43 181
Blythe 47 89
George 47 33
Loch Mary 47 135
Metecalfe County 47 22
Smokey Valley 47 36
Bert Combs 46 36
Dewey** 46+ 1,100
Mill Creek (Powell County) 46 41
Wood Creek 46+ 672
Laurel Creek 45 42
Buckhorn 44 1,230
Sympson 44 184
Paintsville 43 1,139
Pan Bowl 43 98
Lewisburg 41 51



Table 19 (Continued)

Lake TSI (Chl a) Acres
Oligotrophie
Tyner 40 87
Campton 40 26
Grayson 39 1,512
Cranks Creek 38 219
Fishtrap 37 1,143
Martins Fork 37 334
Stanford 36 43
Providence City : 35 35
Cannon Creek 33 243
*Scale: 0-40 Oligotrophic 51-69  Eutrophie
41-50 Mesotrophic 70-100 Hypereutrophic

Bold Type = Updated Classifications, ** = 2 samples only,
+/- = upward (more eutrophic) or downward (less eutrophie) trend

difficult to assign them a single trophic state because their water residence times, the
nature of major inflows, and their morphology can result in different trophic states in
separate areas. The tables indicate that trophic gradients exist in Barren River and
Laurel River lakes and that certain embayments of Lake Cumberland are eutrophie,
while the main lake area is oligotrophie.

The 99 assessed lakes have a total area of 214,861 acres. Only those
portions of lakes Barkley, Kentucky, and Dale Hollow lying within Kentucky were
ineluded in the total. Tennessee reports on those portions within its borders. Of the
total, 57 percent (122,923 acres) were eutrophic while 29 percent (62,296 acres) were
oligotrophic and 14 percent (29,642 acres) were mesotrophic.

Lake Pollution Control Procedures

Kentucky utilizes several approaches to control pollution in its publiely
owned lakes. The approach chosen is dependent upon the pollutant source and the
characteristics of each lake. Point sources of potential pollution are more controllable
than nonpoint sources. The following procedures are routinely used to control point
sources of pollution.

Permitting Program
A lake discharge guidance procedure is in effect and is applied to any new
construction permit for a facility which proposes to discharge into a lake, or for any

application for a lake discharge permit under the Kentucky Pollutant Discharge
Elimination System (KPDES). An applicant is required to evaluate all other feasible
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means of routing the discharge or to explore alternate treatment methods which would
result in no discharge to a lake. As a last resort, a lake discharge may be permitted.
Permits for domestic wastes require secondary treatment and a discharge into the
hypolimnion in the main body of the lake. More stringent treatment may be required
depending upon lake characteristics. Surface discharges are not allowed. A permit may
also be denied to a prospective discharger if the discharge point is within five miles of a
domestic water supply intake.

Water Quality Standards Regulations

Kentucky has not adopted specific criteria to protect lake uses. Warmwater
aquatic habitat, domestic water supply (if the lake is used for this purpose), and primary
and secondary contact recreation criteria are generally applicable to lakes. In specific
cases, a provision in the water quality standards regulation can be utilized to designate
a waterbody as nutrient limited if eutrophication is a problem. Point source dischargers
to the lake and its tributaries ean then have nutrient limits included in their permits.

Lakes which support trout are further protected by another provision which
requires dissolved oxygen in waters below the epilimnion to be kept consistent with
natural water quality.

Kentucky is not planning to adopt statewide criteria specifically for lakes.
A site-specific approach to lake pollution control is more realistic and feasible.

Specific Lake Legislation and Local Initiatives

The Kentucky General Assembly has the prerogative to pass legislation to
protect lakes. This has been done for Taylorsville Lake. House Joint Resolution No. 4
prohibits issuing any discharge permits which allow effluents to be directly discharged
into the lake. It also prohibits issuing any permits which allow inadequately treated
effluents to be discharged into contributing tributaries that drain the immediate
watershed of the lake. In addition, wastewater permit applications in the basin above
the lake must be evaluated to ensure that discharges will not adversely affect the lake
or its uses. Other provisions provide for stringent on-site wastewater treatment
requirements, promotion of nonpoint source controls, and proper management of
sanitary landfills in the watershed.

Lake protection associations are not formally organized in Kentucky. This
is one mechanism which has proven to be successful in preventing lake pollution in other
states. Local ordinances can be passed which restriet land use activities and on-site
treatment systems and lead to pollution abatement. Local grass roots opposmon to
activities whlch may degrade lakes can lead to state agency action. An example is the
petition process in the state's surface mining regulations which can lead to lands being
declared unsuitable for mining. Such a petition has been successfully made to protect
the water quality of Cannon Creek Lake in Bell County. The lake is used as a water
supply for the City of Pineville and is also used for fishing and recreation.

Lake Monitoring

Monltormg water quality in lakes is a part of Kentucky's ambient monitoring
program and is described in Chapter 4. The objectives of the monitoring program are
flexible so that lakes can be monitored for several purposes. These include:



detection of trends in trophic status

impacts of permit decisions

ambient water quality characterization

nonpoint source impacts

long-term acid precipitation impacts

pollution incidences such as fish kills and nuisance algal blooms

new initiatives such as fish tissue analysis for toxies and fecal coliform
surveys in swimming areas.

OO0 000 O0O0

Lake Restoration Plan

Kentucky has not developed a formal state Clean Lakes Program. Several
states have adopted a program modeled after the federal Clean Lakes Program and
have had state funds appropriated to aid in lake restoration projects. The impetus for
developing these programs has been the historical importance of lakes as recreational
and aesthetic resources in these states. Pollution or the potential for pollution has
prompted support for state development of these programs. Pollution of lakes in
Kentucky has not reached a point where there is a recognized need to develop a state
program of this nature.

The Division of Water does participate in the federal Clean Lakes Program.
The Natural Resources and Environmental Protection Cabinet is the state agency
designated by the Governor to receive federal assistance under this program. Kentucky
has received two assistance awards. One helped to fund a project which classified lakes
in the state according to trophic status and assessed their need for restoration. The
other award helped to fund a diagnostic/feasibility study of McNeely Lake in Jefferson
County.

The Division of Water cooperated with local and federal agencies in both of
these projects and prepared a grant for implementation of the restoration plan for
McNeely Lake. The grant was not awarded because it was technically not eligible for
assistance under federal guidelines. However, Jefferson County passed a bond issue to
finance the implementation of the plan. It was completed in December of 1988. The
Division will continue to monitor the lake as part of its ambient program to document
water quality improvements.

The Division of Water is ready to cooperate with local agencies and other
interested groups to participate in the federal Clean Lakes Program. The preparation
of this assessment report is a requirement for future participation in that program.

Toxic Substance Control/Acid Mitigation Activities

Kentucky does not have publicly owned lakes which have high acidity that is
caused by acid precipitation, consequently this requirement does not apply and will not
be addressed.

Identification of Impaired and Threatened Lakes

Table 20 summarizes information on use support for Kentucky lakes. This
information was gathered from published annual reports produced by the COE on
reservoirs which they manage, from research reports by other investigators, and from
Division of Water data bases. The total acres assessed are equal to the acres
monitored. The analysis is based on chemical data relating to iron, manganese,
dissolved oxygen problems, biological data relating to algal biomass (blooms), algae



causing taste and odor problems, macrophyte infestations, and fish kill reports.
Kentucky has not derived water quality standards specifically for lakes. Consequently,
criteria were developed based on other indicators of lake use support {see Table 21).
One of the criteria for support of aquatic life was changed to indicate that a use was
not being fully supported if the average dissolved oxygen concentration within the
epilimnion was less than 5 mg/l. Previously, one value within the epilimnion below 5
mg/1 would have placed a lake in a nonsupport category. Lakes were reassessed using
this new criteria and this resulted in some lakes being removed from the nonsupport
tables. In addition, Barren River and Cave Run lakes, which had been listed as partially
supporting a domestic water supply use in the previous 305(b) Report, were removed
because they are not directly used as water supplies. Their releases affect downstream
uses and this is more correctly addressed in the streams and rivers assessment. This
action is largely responsible for the difference between relative causes and sources in
this report and the 1988 305(b) Report.

Table 20
Summary of Lake Use Support

Degree of Assessment Basis Total
Use Support {(Monitored) Assessed
Acres Fully Supporting 100,910 100,910
Acres Threatened 94,839 94,839
Acres Partially Supporting 15,362 15,362
_Acres Not Supporting 3,750 3,750

Acres Assessed - 214,861
Total Kentucky Lake Acreage - 228,385

There are no known published data on the total lake acreage in Kentucky.
The total reported in Table 20 is based on the Division of Water's Dam Inventory Files
and the acres inventoried in the lake classification program. The assessed acres
represent over 30 percent of the publicly-owned lake acreage in the state. Lakes have
not specifically been classified by use in Kentucky, although proposed uses are
included in revisions to Kentucky's water quality standards. These have not been
formally adopted at this time. Waters not specifically listed by use in water quality
regulations are generally classified for the uses of warmwater aquatic habitat, primary
and secondary contact recreation, and domestic water supply at points of withdrawal.
Lake use support is based on these uses. Primary contact recreation was not assessed
because the primary indicator of use support (fecal coliform bacteria) was not
measured as part of agency monitoring programs.
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Table 22
Lakes Not Supporting Uses

Use Not
Lake Supported* Criteria Cause Source
Corbin DWS 1 Nutrients Municipal point sources
and agricultural
nonpoint sources
Jericho WAH 2,3 Nutrients Agricultural nonpoint
sources
Loch Mary DWS 2 Metals (Mn) Surface mining
and other (abandoned lands)
inorganiecs
(noncarbonate
hardness)
McNeely WAH 1,2,3 Nutrients Municipal point sources
‘ (package treatment
: plants)/Inlake
sediments
Reformatory WAH 1,2,3 Nutrients Animal holding
/management areas
Sympson DWS 1 Nutrients Agricultural nonpoint
sources
Taylorsville WAH 1,2,3 Nutrients Municipal point sources

and Agricultural
nonpoint sources

*WAH - Warmwater Aquatic Habitat, SCR - Secondary Contact Recreation,
DWS - Domestic Water Supply




Detailed information on formerly assessed lakes can be found in the report
on the lake classification program entitled Trophic State and Restoration Assessments
of Kentucky Lakes, which was published in 1984 by the Division of Water. Detailed
information on newly assessed lakes will be included in the final report of the lake
assessment project. Appendix C lists summary information on all of the lakes
assessed.

Table 22 and Table 23 list lakes according to whether their uses are not
supported or are partially supported. The tables indicate which criteria from Table 21
were used to determine nonsupport or partial support and the probable causes and
sources for the support not being achieved. Table 24 lists those lakes which fully
support their uses.

Ninety-one percent of the total acres assessed supported uses while nine
percent did not fully support uses. All of the ten lakes over 5,000 acres in size fully
supported uses. More than half of the small lakes fully supported their designated uses
(52 of 89).

Only one of the lakes listed in this report as not supporting particular uses
or as partially supporting uses, is degraded to the extent that fishing and swimming are
precluded. Hazards to human health through consumption of fish or swimming in
waters contaminated by bacteria were not considered as problems in any of the listed
lakes. The one lake, Cranks Creek, partially supports the fishable/swimmable goals of
the Clean Water Act because of low pH caused by acid mine drainage. Assessed acres
whiech support the fishable/swimmable goals of the Act equal 214,642.
Fishable/swimmable goals are partially supported in 219 acres (Cranks Creek Lake).

EPA guidance asks for a list of threatened lakes. These are defined as
lakes which fully support uses now, but may not in the future because of anticipated
sources or adverse trends of pollution. Table 20 indicates the total acres classified as
threatened. Table 25 lists the lakes and indicates what uses are threatened and the
causes and sources of the threat.

Table 26 indicates the causes responsible for nonsupport of lake uses.
Nutrients cause the greatest percentage of nonsupport and affect the largest number
of lakes. Nutrients can stimulate a proliferation of algae, which may cause taste and
odor problems in lakes used for domestic water supplies. Dissolved oxygen can also be
lowered in surface waters by very productive algal populations which stimulate
microbial respiration. This may result in fish kills or decrease oxygen to levels that
are not conducive to the support of healthy populations of fish. Metals are the
second largest contributor to nonsupport of uses. This is largely due to iron and
manganese affecting lakes used for domestic water supplies. These metals are
solubilized from lake sediments under anoxic conditions and cause water treatment
problems. Suspended solids (the next largest contributor to nonsupport of uses) cause
several reservoirs in eastern Kentucky to not fully support secondary contact
recreational uses. Major and minor impaects from these causes were not
differentiated. The criteria used in the assessments would categorize these causes as
major impaects. Priority pollutants (toxies) did not cause any of the lake use
impairments.

Table 27 indicates the sources responsible for nonsupport of lake uses.

Agricultural sources are the single source responsible for the highest percentage of use
nonsupport (31%). Nonpoint sources including agriculture account for the highest
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Table 23

Lakes Partially Supporting Uses

Lake Use* Criteria Cause Source
Bueckhorn SCR 3 Suspended solids Surface mining
Briggs SCR 2 Nutrients Lake fertilization
Campbellsville WAH 1 Nutrients Agricultural
nonpoint sources

Caneyville DWS 1 Nutrients- Natural

SCR 1 Nutrients Natural

Carpenter SCR 1 Shallow lake basin Natural

Carr Fork SCR 3 Suspended solids Surface mining

Cranks Creek WAH 3 pH Mining

Dewey SCR 3 Suspended solids Surface mining

Fishtrap SCR 3 Suspended solids Surface mining

Guist Creek DwS 1 Nutrients Agricultural

WAH 1 Nutrients nonpoint sources

Herrington WAH 1 Nutrients Munecipal,
Agricultural
nonpoint sources,
Septic tanks

Honker WAH 1 Nutrients Natural

Kineaid WAH 1 Nutrients Lake fertilization

Kingfisher SCR 2 Nutrients Lake fertilization

Laurel Creek DWS 1 Nutrients Natural

Laurel River SCR 2 Nutrients Municipal point

(Headwaters) sources and
Agricultural
nonpoint sources

Lewisburg SCR 1 Shallow lake basin Natural
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Table 23 (Continued)

Lake Use* Criteria Cause Source
Liberty DWS 2 Metals Natural
(Fe and Mn)
Martins Fork SCR 3 Suspended solids Surface mining
Marion County SCR 2 Nutrients Lake fertilization
Metcalfe County SCR 1 Shallow lake basin Natural
Morris DWS 1 Nutrients Agricultural
nonpoint sources
Rough River DWS 2 Metals (Mn) Natural
Salem SCR 1 Shallow lake basin Natural
Sand Lick Creek WAH 1 Nutrients Agricultural
nonpoint source
Shelby WAH 1 Nutrients Agricultural
nonpoint sources
Spa WAH 1 Nutrients Agricultural
nonpoint sources
Stanford DWS 1 Nutrients Natural
Wilgreen WAH 2 Nutrients Septic tanks
SCR 2 Nutrients Septic tanks
Williamstown WAH 1 Nutrients Agricultural

nonpoint sources

*WAH - Warmwater aquatic habitat, SCR - Secondary contact recreation,

DWS - Domestic water supply



Table 24

Lakes Fully Supporting Uses

5000 Acres or Larger

Size

Less than 5000 Acres

Barkley

Barren

Cave Run

Cumberland

Dale Hollow

Green

Kentucky

Laurel River (except
for headwaters)

Nolin

A.d. Jolly
Arrowhead
Beaver

Bert Combs
Beshear
Blythe
Boltz

Buck
Bulloek Pen
Burnt Pond
Campton
Cannon Creek
Carnico
Chenoa
Corinth

Doe Run
Elmer Davis
Energy

Fish

Fish Pond
Flat
Freeman
General Butler
George
Grapevine
Grayson
Greenbo
Greenbriar
Hematite

Linville
Long Pond
Long Run
Luzerne
Malone
Mauzy
Metropolis
Mill Creek
{(Monroe Co.)
Mill Creek
(Powell Co.)
Moffit
Paintsville
Pan Bowl
Peewee
Pennyrile
Providence City
Scenic
Shanty Hollow
Smokey Valley
Spurlington
Swan Pond
Turner
Tyner
Washburn
Willishurg
Wood Creek




Table 25
Threatened Lakes

Lake Use* Threatened Cause Source
Kentueky SCR Macrophyte Natural
infestations or introduced
exotic species
WAH Low dissolved Unspecified
oxygen nonpoint sources
Paintsville WAH Salinity/brine Petroleum activities
Barkley SCR Suspended solids Unspecified nonpoint
sources

*SCR - Secondary Contact Recreation, WAH - Warmwater Aquatic Habitat

Table 26

Causes of Use Nonsupport* In Lakes

Number of 9% Contribution
Cause Lakes Affected Acres (by Acres)

Nutrients 24 8,748 46
Metals (Fe/Mn) 3 5,314 28
Suspended solids 5 4,517 24
Other (Shallow lake basin) 4 236 1
pH 1 219 1
Other inorganies (noncarbonate

hardness) 1 135 <1

*Nonsupport is a collective term Tor lakes either not supporting or partially supporting
uses
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Table 27

Sources of Use Nonsupport®* in Lakes

Major Impact Moderate/Minor

Source (Acres) Impact (Acres)
Point Sources

Municipal 6,041 455
Nonpoint Sources

Agriculture 8,182

Resource Extraction 4,862

Septic tanks 169
Other

Lake fertilization 252

Natural 5,814

*Nonsupport is a collective term for lakes either not supporting or partially supporting
uses

percentage of lake uses not being supported (51%). Municipal point sources were
responsible for 25 percent of the use nonsupport, followed by natural causes which
accounted for 23 percent of use nonsupport.

More detailed studies in watersheds of the lakes in the agriculture category
are necessary before contributing sources of nonpoint pollution can be distinguished.
Surface mining for coal (resource extraction) is the next greatest contributor to lake
uses not being fully supported. Lake recreational uses are impaired because waters
become turbid after receiving runoff water laden with sediment from lands disturbed
by surface mining activities. This reduces the incentive for secondary contact uses.

Water Quality Trend Assessment

Trophic Trends '

One of the objectives of the ambient monitoring program is to assess
eutrophication of Kentucky lakes. The monitoring strategy is to obtain at least two
years of data during the growing season on each lake. After the data is assessed, a
deecision is made either to continue monitoring or to assess another lake.

A review of current lake data from the ambient monitoring program, data
retrieved through STORET on COE managed lakes, data from the lake assessment
program, and other reports resulted in an assessment of trophic trends at several
lakes. As mentioned earlier, a change in the chlorophyll TSI value (averaged over the
April - October growing season) of 10 units was used to indicate a trophic change. A
discussion of trends from the above databases follows.
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Lakes in the Assessment Program. TSI values were compared for those lakes assessed
in 1981-1983 which had been resurveyed in 1989. Comparisons of two data sets does
not provide a strong trend analysis because the intervening years were not sampled.
They do, however, indicate a change. The comparisons, as noted in Table 13, showed
that Spurlington, Campbellsville City, Jericho, Doe Run, and Wood Creek lakes were
more eutrophic. Lake Jericho's change resulted in its warmwater aquatic habitat use
not being supported. Wood Creek Lake changed from an oligotrophic to a mesotrophic
state. No uses were impaired. Honker Lake changed from a eutrophic to a
mesotrophic state.

Lakes in the Ambient Monitoring Program. The following is a discussion on individual
lakes which have been monitored over several years by the Division of Water, the
COE, and other researchers. Analyses are based on the combined databases. Trophic
trends are indicated by a change in TSI values of 10 units or greater. The extent of
these databases gives the trend assessments a high level of confidence.

Green River Lake. COE data from 1981 indicated that this lake might be
changing from a mesotrophic to a eutrophic state. Subsequent sampling in 1985 and
1986 by the DOW showed the main body of the lake to be mesotrophic. The 1989 COE
data indicated that the lake was eutrophic. The TSI value changed from 44
(mesotrophic) to 55 (eutrophic). Monitoring by the COE will indieate if this eutrophic
trend continues.

Nolin River Lake. The 1988 305(b) Report indicated that this lake was
changing from a mesotrophic to a eutrophic state. The period of record showed the
lake to be mesotrophic from 1975 through 1983 (TSI average was 44). Data from 1982
through 1987 showed an eutrophic trend. The TSI value was 55 in 1987. The DOW last
monitored the lake in 1988 and verified that the lake was eutrophic (TSI was 52).

Carr Fork. This lake has historically been oligotrophic. TSI values before
1981 averaged 37. A lake fertilization program conducted by the Kentucky
Department of Fish and Wildlife Resources to increase fishery potential caused the
lake to become eutrophic from 1981 through 1985. A decrease in fertilization dosages
resulted in a change to a mesotrophic state in 1986. Data from 1988 and 1989
revealed that the lake was once again eutrophic (average TSI was 53).

Reformatory Lake The Division of Water -classified this lake as
hypereutrophic in the 1984 305(b) Report. Its use as a recreational fishing resource
was impaired because of severe hypolimnetic oxygen depletion and low dissolved
oxygen in the epilimnion. Nutrients from livestock operations in the watershed were
suspected of being the major cause of the lake's trophic state.

In order to alleviate what had become a potentially serious eutrophication
problem, Division of Water staff met with the managers of the livestock operations
and, with assistance from staff of the University of Kentucky's Agriculture Extension
Service, suggested that better waste handling practices be instituted. The managers
were cooperative, and steps were taken to handle the livestock waste in several of the
suggested ways.

The Division began monitoring the lake in 1985 to determine if lake water
quality had improved after the implementation of these better management practices.
Preliminary data from 1985 indicated that the measures taken by the farm managers
had dramatically improved lake water quality. Average spring through fall data
showed that in the surface waters, there was 77 percent less chlorophyll a in 1985 than
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in 1981. This resulted in greater water clarity (the Secchi depth doubled) and a
doubling of the depth of the euphotic zone. There was 78 percent less total pnosphorus
and a 59 percent decrease in total nitrogen. Dissolved oxygen remained above 5 mg/l
in the upper water column in 1985, in contrast to 1981 when the concentration in the
surface water declined to 2.4 mg/l. Hypolimnetic oxygen depletion occurred at a
lower rate in 1985, and concentrations did not decline below 1.0 mg/l as they had in
1981. The lake was no longer considered hypereutrophic, based on an average TSI
value decline of 15 points from 72 to 57.

The lake was monitored in 1986 and 1987 to verify that the improvements
were sustained. It appeared that this had not occurred. The 1987 data showed that
chlorophyll a had increased to near 1981 concentrations, water clarity had declined,
and euphotic zone depths were back to 1981 values. Dissolved oxygen was again below
5 mg/] in the epilimnion and there was severe hypolimnetic oxygen depletion. The lake
was hypereutrophic in the summer and fall. It was placed on the list of lakes that did
not support their uses in the 1988 305(b) Report. Monitoring of the lake continued in
1988 and 1989. That data indicated conditions had changed and caused water quality
to worsen. Total phosphorus averaged 117 ug/l in the spring through fall period in 1989
which is more than twice the value found in 1986. The TSI value was 77 compared to
53. The lake had shifted from an eutrophic to a hypereutrophic state. A recent farm
site visit indicated no drastic changes in management practices. Causes of the
deterioration in water quality are presently being investigated.

McNeely Lake. This lake no longer has problems from excessive duckweed
growth, because grass carp introduction has effectively eliminated the duckweed. The
lake is, however, still eutrophic, has severe epilimnetic and hypolimnetic oxygen
depletion, and has reported fish kills. It is still considered as not supporting a
warmwater aquatic habitat use. The discharges from package treatment plants in the
watershed were piped to the stream below the lake outlet structure in December of
1988. This has caused a noticeable improvement in water quality and should
eventually restore the warmwater aquatic habitat use. Phosphorus concentrations
have declined. The average TSI in 1989 was 65 (eutrophic), which was a decrease of 9
units from the 74 (hypereutrophic) value in 1988.

Other Trends in Water Quality

Cave Run Lake. This lake was previously listed as threatened by brine
pollution from petroleum activities (oil well operations) in its watershed. Chloride
levels monitored by the COE indicated a steady increase in concentration beginning
before 1981. Water column data at the dam for the years 1974-1976 showed a mean
chloride concentration of 4 mg/l. In 1981 the mean was 10 mg/l, in 1983 it was 13
mg/1 and by 1986 it was 22 mg/l (four and one-half times greater than the 1974-1976
levels). Chloride data from the Licking River, the main inflow to the lake, showed a
similar trend but with mueh higher concentrations. The average chloride
concentration from 1972 to 1976 was 9 mg/l. In 1981 it was 23 mg/l and in 1983 it was
57 mg/l. The concentration peaked in 1985 with an average of 200 mg/l. The 1986
average concentration declined slightly to 158 mg/l. The 1985 average was 21 times
greater than the 1972 - 1976 levels.

COE data from 1987 showed a decline at the dam station to 13 mg/l which
was coupled with a Licking River decline to 42 ug/l. Too few measurements were
reported in 1988 and 1989 to indicate further trends. The lake has been removed from
the threatened list of lakes as a result of the 1987 data assessment. It is hoped that
the COE will provide continued monitoring for chlorides to indicate further water
quality changes in the lake.



Cranks Creek Lake. Serious declines in pH in this lake were reported by
the Kentucky Department of Fish and Wildlife Resources (KDFWR) in 1988. The
source was determined to be periodic acid mine drainage. Declines in pH followed
periods of low flow in tributary streams when available dilution was low and acid mine
discharges became the major source of flow. An organization called "Living Lakes"
has undertaken restoration of the lake in cooperation with the KDFWR. They are
liming the lake at scheduled times to neutralize the acid impacts. The DOW has been
contacted and approved the restoration efforts. A cooperative effort between DOW
and KDFWR is planned to address the feasibility of eliminating the acid mine drainage
problem.

Dale Hollow Reservoir. Tributary streams to Dale Hollow Reservoir were
monitored for the COE in 1985 by Dr. John Gordon of Tennessee Technological
University. The objective of the monitoring was to identify any problem areas which
might threaten the high levels of water quality in the lake. Results of the monitoring
effort indicated that at least three streams on the Kentucky side of the lake had water
quality problems relating to brines from oil and gas production areas. The DOW
monitored the embayments that these creeks flowed into (along with three other
embayments on the Kentucky side) in 1987 and 1988. The objective was to determine
if these embayments were being impacted by stream inputs. Measurements were made
for chlorides and sulfates to determine if oil field pollutants were changing water
quality. Chlorophyll a and nutrient measurements were also taken to assess the
trophic state of the embayments. Results showed minimal increases in chloride
concentrations in the Illwill Creek and Little Sulphur Creek embayments, when
compared to control embayments. These were the embayments linked to streams
flowing through oil production areas. Increases in chloride concentrations were 2 to 3
mg/1 above controls. The embayment of Spring Creek had an increase of 10 to 13 mg/1
chloride over controls. It was also eutrophic while the other embayments were
mesotrophic or oligotrophic. The eutrophic state and higher chloride concentration
are attributed to the discharge of municipal wastes to Spring Creek, from the City of
Albany. Embayment recreational and aquatic life uses were, however, fully supported.
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CHAPTER 3

WATER QUALITY ASSESSMENT
OF GROUNDWATER



WATER QUALITY ASSESSMENT OF GROUNDWATER

Publie concern for groundwater has increased nationwide and Kentucky is no
exception. Currently, information on the state's groundwater resource is lacking and
this can prove detrimental to protection and allocation efforts. The lack of data
hampers Kentucky's groundwater protection goal, which is to maintain and protect the
resource for its highest and best use and to minimize or prevent degradation.

Ambient groundwater quality has been determined in some local areas
through special projects and cooperative efforts, but groundwater quality for the
majority of the state remains unknown. Groundwater quantity and availability also
remain largely unaddressed. There is an immediate need in Kentucky for a
comprehensive aquifer mapping and groundwater classification program. Resource
limitations have prevented concentrated effort on such a program, but the Division of
Water is directing its efforts toward such a program. Assistance from other agencies,
including the Kentucky Geological Survey, and the United States Geological Survey will
be needed in order to implement a comprehensive mapping and classification program.

The protection of groundwater in the Commonwealth of Kentucky presents
unique problems not encountered by many states. The hydrogeologic characteristics of
karst areas must be determined on a case-by-case basis. Additionally, the majority of
the federal technical assistance and guidance is not applicable to karst areas.

Sources and Contaminants in Groundwater

Table 28 presents the major sources of groundwater contamination in the
state and ranks the top five sources (number one being the most serious). Table 29 lists
those substances contaminating groundwater in the Commonwealth from the sources
listed in Table 28.

Proposed Environmental Indicators

In this report, Kentucky has attempted to assemble the data necessary to
respond to a set of environmental indicators proposed by the U.S. Environmental
Protection Agency (EPA) in their 305(b) guidance document. In doing so, gaps and/or
inconsistencies in the data necessary to fully address or respond to some of the
proposed indicators have been identified. For other indicators, Kentucky's programs are
not yet to the point where the requested data can be collected.

Tables 30 and 31 utilize suggested indicators from groundwater-supported
public water supplies. Table 30 contains the number of groundwater-supported public
water supplies with Maximum Contaminant Level (MCL) violations. These violations
represent contaminants detected in the finished water and may or may not be indicative
of groundwater quality. Table 31 contains the groundwater-supported public water
supplies that had volatile organic compounds detected during at least one quarterly
sampling event. This data is representative of groundwater quality problems, but as yet
cannot be used to indicate a trend in groundwater quality because each water supply is
only included in the quarterly sampling program for one year. In other words, this data
only indicates contamination. 1988 data cannot be compared to 1990 data to indicate
trends. Additionally, this table only contains data for regulated volatile organic
compounds and does not consider unregulated organic compounds.
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Table 28
Major Sources of Groundwater Contamination

Relative
Source Priority

Septic tanks ‘ 2
Municipal landfills

On-site industrial landfills

(excluding pits, lagoons,

surface impoundments)

Other landfills

Surface impoundments

(excluding oil and gas

brine pits)

Qil and gas brine pits 5
Underground storage tanks 1
Injection wells (inc. Class V)

Abandoned hazardous waste sites 3
Regulated hazardous waste sites

Salt water intrusion

Land application/treatment

Agricultural activities

Road salting

Improper well construction ‘ 4

4
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Table 29
Substances Contaminating Groundwater

Organic chemicals: Metals X
Volatile X* Radioactive material X
Synthetic X Pesticides X
Other agricultural chemicals X
Petroleum products X
Other (bacteria) X
Inorganic chemicals:

Nitrates X

Fluorides

Arsenic X

Brine/salinity X

*Substances present

The Comprehensive Environmental Response, Compensation and Liability
Act (Superfund or CERCLA) waste disposal sites present two problems for use in
groundwater quality assessment. First, the National Priority List (NPL) sites are only a
small subset of sites with contamination. In Kentucky, 500 plus sites are on the
CERCLA list, yet only 250 have had a preliminary assessment/site investigation.
Additionally, 65 sites have confirmed hazardous waste or contamination on site but do
not score high enough to be placed on the National Priority List (NPL). The second
major issue is the lack of complete information at the state level. The Superfund
program is not delegated to states. EPA manages the Superfund program and maintains
the official files and information on each NPL site. Of the 17 NPL sites in Kentucky,
three sites have groundwater contamination but Kentucky has not been furnished the
data. Four of the NPL sites have had no sampling and on three sites Kentucky has no
information. The information requested is not available at the state level so this
indicator could not be utilized.

The guidance also suggested the use of Resource Conservation and Recovery
Act (RCRA) hazardous waste disposal site information for assessment of groundwater
quality trends. Kentucky would suggest that all RCRA facilities be included in the
water quality assessment report. Storage facilities have contaminated groundwater as
a result of spills or solid waste management units. As more RCRA facilities perform
RCRA Facility Assessments and RCRA Facility Investigations, more accurate
information on groundwater impacts will be available. The categories of contaminants
should indicate which RCRA waste would be included in each category. Tables 32 and
33 compile available information in the format requested in the federal guidance.
Interpretation of the tables is limited by the lack of off-site information indicating
groundwater contamination from these sites. The tables are provided to indicate known
contaminants from RCRA sites in Kentucky.



Table 30

Number of Groundwater Supported Public Water Supplies (PWS)

with MCL¥* Violations

No. PWS with MCL Violations

MCL Parameter 1988 1989
Turbidity 1 5
Barium 1 0
Fluoride 3 3
Nitrate 1 0
Selenium ] 0
Trihalomethanes 0 0
Bacteria 25 33
*MCL = Maximum Contaminant Level

Table 31
Groundwater Supported Public Water Supplies (PWS)
with Volatile Organiec Chemical Contamination
Number of PWS
Volatile with Contaminant Concentration
Organic Detected during (mierograms/
Compound at least 1 Quarterly Sampling liter)
Min. Max. Avg. MCL
Value Value Value Value

1989

1,4-dichlorobenzene 10 0.001 0.011 0.003 0.075
1,1,1-trichloroethane 6 0.001 0.083 0.019 0.002
1,2-dichloroethylene 1 0.002 0.003 0.002 0.007
Carbon Tetrachloride 1 0.003 0.003 0.003 0.005
Vinyl Chloride 1 0.010 0.010 0.010 0.002
1988

1,4-dichlorobenzene 5 0.001 0.003 0.002 0.075
1,1,1-trichloroethane 2 0.001 0.019 0.008 0.200
Trichloroethylene 2 0.001 0.003 0.002 0.005
Carbon Tetrachloride 2 0.001 0.014 0.008 0.005
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Table 32
RCRA Hazardous Waste Site Groundwater Contaminants

(1989)
Total Wells Total Wells
Concentration Concentration

‘Contaminant (On-Site) Level Status!]  (Off-Site) Level Status!

¢ 1 2 3 ¢ 1 2z 3
Polychlorinated 7 5 2 1 1

biphenyls

Pesticides 5 5
Other organics 24 4 6 13 5 1 4
Metals 23 1 7 13 6 2 1 1
Bacteria 2 2
TOC. TOX.* 3
Cyanide 1 2
Radioactivity 2 6 6

1. Concentration Level Status 0 = unknown, 1 = at or below detection limit, 2 = above
detection limit, 3 = above level of concern (above MCL if MCL exists)

*TOC. = Total organic carbon

TOX. = Total organic halogens

Table 33
RCRA Subtitle D Waste Disposal Site
(Landfills) Groundwater Contaminants

(1989)
Total Wells Concentration
Contaminant {On-Site) Level Statusl
0 1 2 3
Polychlorinated NA -
biphenyls
Pesticides 0 -
Other organics 6 - 5 1
Metals 31 - 21 10
Conventional 32 - 32
Bacteria 7 - 5 2

1Concentration Level Status 0 = unknown, 1 = at or below detection limit, 2 = above
detection limit, 3 = above level of concern (above MCL if MCL exists)

"Conventional contaminants" was not defined in the guidance. Therefore,
Kentucky used this category to represent secondary drinking water quality standards. A
few wells have been sampled off-site at landfills; however, this information has not
been compiled. Of the 187 landfills permitted in Kentucky, 59 solid waste sites submit
groundwater analyses to the Division of Waste Management. Only 15 of these are
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required to submit organic analysis. These data represent information collected over
more than one year.

Special Studies

DRASTIC Model Evaluation

The Institute for Mining and Minerals Research, University of Kentucky,
conducted a study to evaluate the suitability of the DRASTIC Method for assessing the
vulnerability of groundwater to contamination. The DRASTIC Method uses depth to
water, net recharge, aquifer media, soil media, topography, impact of the vadose zone,
and hydraulic conductivity of the aquifer to determine the vulnerability of groundwater
to surface contamination.

The study was designed to evaluate the applicability of the DRASTIC
Method in Kentucky; evaluate information existing on the Kentucky Natural Resources
Information System (KNRIS); and evaluate and estimate the cost of a statewide
DRASTIC mapping program.

Kentucky is faced with the problem of addressing groundwater protection in
karst areas. An objective of this study was to assess the applicability of DRASTIC in
karst areas. Many of the parameters used in the DRASTIC method are not
representative of the real world mechanisms which contribute to the vulnerability of a
karst aquifer to contamination. For instance, the method assigns a lower value to the
model for pollution potential as the depth to water increases.  However, in karst
areas, depth to water may not be a critical parameter to aquifer protection because
the contaminants can enter the aquifer directly through solutional openings and
fractures which intercept surface and shallow subsurface flow. As another example, in
karst areas dilution may be the most significant attenuation mechanism, but this
mechanism is ignored by the net recharge parameter.

As part of the study, each map produced was assigned a confidence level.
The confidence level is based on the confidence in the information used to determine
the DRASTIC Index. Most of the data necessary to produce a map of DRASTIC
Indexes does not exist on the KNRIS. A vast amount of time and manpower was spent
digitizing geologic maps, soil survey maps and water well information in order to use
the Geographic Information System to produce the DRASTIC Index maps. The
confidence level for the final DRASTIC maps ranged from 52 to 95 percent. The cost
of mapping Kentueky using the DRASTIC Method is estimated at $2 million, and then
the maps would only be suitable for a first-cut analysis, not actual permitting or
response decisions. The final report, "DRASTIC Analysis for Application by State
Government," concludes that the data currently available in Kentucky is marginally
acceptable and difficult to access.

The DRASTIC Method is designed to adequately assess the vulnerability of
granular aquifers, but many of the attenuation processes in the model are not active in
karst areas.

Kentucky Pilot Wellhead Protection Study
Personnel from the University of Kentucky, Department of Geological
Sciences, conducted a pilot wellhead protection project in Kentucky. The project was

designed to identify and evaluate existing data sources and their utility in identifying
potential sources of contamination. The objectives of the study were to: delineate
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wellhead protection areas for the cities of Georgetown, Elizabethtown, and Calvert
City; to identify the potential sources of contamination within the wellhead protection
areas; and to gain experience in the development and application of the Wellhead
Protection Program in Kentucky.

A wellhead protection area was delineated for each of the three study
areas. Two study areas were located in karst areas. The third study area was located
in an alluvial aquifer. Hydrogeologic mapping was chosen as the welihead delineation
method in the karst study areas (Georgetown and Elizabethtown). These areas had
been the subjects of earlier hydrogeologic studies that provided information about the
recharge areas of the springs that provide the public water supplies. The third study
area, Calvert City, relies on wells for public water supply. The wells are drilled into
an alluvial aquifer. A pumping test was conducted to determine the hydrogeologic
characteristics of the aquifer. Data from the pumping test was used to delineate the
wellhead protection area.

Existing databases were used to identify and assemble information on the
potential contamination sources that are located within the wellhead protection area.
Many obstacles were encountered in identifying the potential contamination sources.
Much of the data needed to identify the sources are stored in paper files. Locations for
many of the facilities are referenced by street address, not a coordinate system.
Sources referenced by street address require field inspection to be accurately plotted
on maps. All information gathered during this study will be provided to the partici-
pating cities along with recommendations on additional work needed to satisfy the
requirements of the Wellhead Protection Program.

North Marshall Water District Pilot Project

The Division of Water is conducting a wellhead protection pilot project in
Marshall County. The goal of the project is to establish a comprehensive wellhead
protection plan for the North Marshall Water District. This project will allow the
state to further identify resource and data needs for implementing a state program.
The project will also identify the mechanisms needed to facilitate cooperation on both
state and local levels.

It is expected that experiences gained by the state during this project will
be used to further develop and implement the Kentucky Wellhead Protection Program.
The division of program responsibilities between state and local entities will be better
and perhaps more equitably accomplished by basing it on real world experiences as
opposed to abstract suppositions and assumptions.

Groundwater Issues

Information Systems

Protection of groundwater resources in Kentucky is impeded by a disjointed
environmental information system that is typified as containing more gaps than data.
A comprehensive groundwater protection program requires more than just data on
groundwater and aquifers, but also requires information on the existing threats to
groundwater. State regulatory agencies do not always collect all of the necessary data
or it is collected in a cumbersome format that does not lend itself to easy data
retrieval and/or transfer.
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Projects conducted in the last biennium have identifi:d the need to plan and
coordinate data collection and the need to improve the transfer of data between
agencies. There are state programs that collect facility information, but do not require
latitude and longitude location information. Street addresses are typically collected,
but are useless to the state's Geographic Information System. In order for Kentueky to
develop a useful Geographic Information System, location data must include latitude
and longitude coordinates. When a program requires information from a regulated
community, consideration should be given as to how other agencies might use the data
for regulatory programs, investigative studies, and pollution control.

The Division of Water could employ computer methods to assist in mapping
and characterizing the State's aquifers, but the existing Geographic Information System
is too broad in scope and the data available is too general and contains too many gaps.
Very few areas of the state have adequate coverage and the geologic and/or
hydrogeologic information necessary to map and characterize aquifers has not been
entered into the system. ’

Kentueky needs to follow the federal lead in adopting a minimum set of data
requirements that would be collected by all regulatory programs. Establishing minimum
data requirements for all programs would have the effect of giving all databases a set
of common elements and would facilitate the transfer of data between programs.
Establishing a standard set of minimum data elements could also help to eliminate some
of the existing gaps in the data.

Contamination of Public Water Supplies

One of the most direct ways for environmental contamination to affect
public health is through drinking water supplies. In 1988, the Division of Water
initiated a three-year program aimed at testing all public water supplies for volatile
synthetic organic chemical contamination. In 1989, approximately 140 of the water
supplies tested relied on groundwater. Approximately 12 percent of the groundwater
supplies tested in 1989 had some level of contamination during at least one of the
quarterly testing events. The contaminant detected most often was 1, 4-
dichlorobenzene, followed by 1,1,1-trichloroethane.

Over the past year the Division of Water has investigated several situations
where groundwater contamination has impacted a public water supply. The Holiday
Mobile Home Park Public Water Supply in Dayhoit was decommissioned in 1989
because of chemical contamination detected as part of the Volatile Synthetic Organic
Chemical Monitoring Program. The source of the contamination was determined to be
improper waste disposal from previous industrial activity in the vicinity. The extent of
the contamination has not yet been determined. The hydrogeology of the Dayhoit area
is very complex and several separate water bearing zones may have been
interconnected by poorly constructed water wells, complicating the task of delineating
the possible migration pathways of the contamination.

The Georgetown Municipal Water and Sewer Service in Georgetown
temporarily discontinued the use of Royal Spring in the Fall of 1989 because of benzene
contamination. In contrast to the situation at Dayhoit, the extent of the contamination
is fairly well known. Samples taken from wells penetrating various portions of the
aquifer indicate that only a small part of the groundwater basin that supplies Royal
Spring has been affected, but attempts to locate the contaminant's source have been
unsuccessful as of this date.



These problems indicate a need for a more effective groundwater protection
program and a more unified approach to groundwater protection. More emphasis needs
to be placed on preventing groundwater contamination instead of remediating problems
after they occur. More work needs to be done to characterize the state's groundwater
resources and to insure their protection.

Unecertified Drillers

During 1989, nearly 20 percent of Kentucky's certified drillers allowed their
certification to expire. Many of those drillers may still be drilling water wells.
Resource limitations have prevented an effective enforcement program resulting in an
increasing number of uncertified drillers. The Division of Water is concerned that an
ineffective program to certify and regulate water well drillers will result in improperly
constructed water wells that provide a direct route for contaminants to enter an
aquifer. A proliferation of improperly constructed water wells may result in a greater
frequency and magnitude of groundwater contamination ineidents.

In addition, the Division only certifies the drillers of water supply wells.
Standards for the construction of water supply wells in Kentueky have been in effect
since 1986. In contrast, drillers that install environmental monitoring wells are
unregulated. No uniform set of standards exists for the construction of monitoring
wells. The Division of Water is concerned that improperly constructed monitoring
wells could be contributing to groundwater contamination. The certifieation and
education of water well drillers should be expanded to include monitoring well drillers
and a set of construction standards for monitoring wells should be established. A more
active enforcement and inspection program would help ensure that all wells are
acceptably constructed to protect groundwater supplies and public health.

Resource Management

In 1988, Kentucky experienced a major drought. The drought and
subsequent water shortages demonstrated the need for Kentucky to better manage its
water resources. Water well drilling activity increased across Kentucky in an attempt
to secure dependable water supplies to supplement or replace the waning surface
supply. Approximately twenty of Kentucky's public water supplies that rely on
groundwater implemented some type of conservation program to insure an adequate
supply of water for their customers.

During the drought, groundwater was the major contributor to stream flow.
Surface water supplies were greatly diminished, forcing many of the state's surface
water users to implement conservation measures. The contribution that groundwater
was making to stream flow was 'crucial in sustaining the water supply for a large
portion of the state's population. Kentueky's dependence on groundwater points out a
need to identify and characterize the available groundwater resource throughout the
state. The geology of Kentucky lends itself to aquifers that have a very local areal
extent. The hydrostratigraphy of the state does not generally support large regional
aquifers. One way to accomplish the task of identifying and characterizing the
groundwater resource is through a comprehensive aquifer mapping and groundwater
classification program. A better understanding of the resource would aid groundwater
protection programs and make the groundwater withdrawal permitting program more
efficient. A comprehensive aquifer mapping and charaecterization program would help
to ensure that available groundwater resources are properly evaluated and alloeated.




Quality considerations are also of great importance in managing the
resource. The natural quality of the groundwaters of many of the state's aquifers has
not been adequately characterized. Kentucky needs to implement a comprehensive
program to assess groundwater quality. The natural groundwater quality of the
aquifers must be known in order to make aquifer classification decisions and to manage
the resource for its highest and best use.

Of considerable concern is the continued practice of discharging pollutants
to groundwater. The KPDES program permits wastewater discharges directly to
groundwater. If this practice is to continue, effective effluent limits must be strictly
maintained and enforced. Kentucky needs an aquifer protection program that will
ensure that discharges to groundwater do not adversely impact the state's aquifers.
Kentucky needs to implement new programs that will protect existing groundwater
quality and, at the same time, step-up the enforcement of existing programs that
protect groundwater quality.

Nonpoint Source Groundwater Contamination

Agriculture, mining and mineral extraction, and urban-residential
development are the primary land uses in Kentucky. Many activities associated with
these land uses are known to generate a great number of contaminants which have
significant potential to degrade groundwater resources and adversely impact
groundwater-supported drinking water supplies. =~ However, the threat that nonpoint
source contamination poses to the state's aquifers is difficult to assess because of a
lack of sufficient data. At this time, few detailed studies of nonpoint pollution of
groundwater in Kentueky have been conducted. There is a eritical need to conduct
surveys to identify particular nonpoint contaminants of greatest concern, to map areas
of degraded or otherwise adversely impacted groundwater, and to investigate the
migration and fate of nonpoint contaminants in the various groundwater regimes. The
lack of this information greatly hinders the development of effective control and
remediation measures, and impedes the establishment of an appropriate groundwater
protection regulatory program for nonpoint source contamination.

Three major classes of nonpoint source pollutants are believed to be
contributing to significant and potentially widespread groundwater contamination.
These pollutants are: agrichemicals, especially pesticides and herbicides; chlorides and
other brine constituents generated as a result of oil and gas exploration and extraction;
and effluent from septic tanks, seepage pits, and other groundwater discharges.

Kentucky is prineipally an agricultural state. Approximately 75 percent of
the state consists of karst topography, and much of this area contains extensive,
heavily-cropped farmland. Although the soils are generally thick and retentive,
agrichemicals such as pesticides and fertilizers applied in these areas can directly
enter the groundwater system through solutional openings and fractures in the soluble
carbonate bedrock.

In most of Eastern Kentucky, and in large portions of the central and
western parts of the state, extensive oil and gas exploration and extraction have
occurred historically and are continuing today. It is estimated that thousands of
abandoned, unplugged or improperly plugged wells and exploration boreholes exist in
these areas. These wells and boreholes allow cross contamination of aquifers with briny
fluids, hydrocarbons, and soil waters. Other related sources of this type of nonpoint
contamination include injection wells which dispose of oil field brines; secondary oil
recovery techniques, particularly water-flooding and steam injection; and gas field
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pressurization. All of these sources can contribute to the migration of brines and
hydrocarbons into aquifers supplying private and public drinking water.

Septic tank systems are the most common form of sewage treatment in
rural, and in many urban, residential areas. The Cabinet for Human Resources (CHR)
has estimated that 60-70 percent of Kentucky homesites are not sewered. Improperly
sited or inadequately constructed septic systems may contribute nitrates, bacteria,
viruses, disposed hazardous chemicals, and other pollutants to the local groundwater
regime.

Concerns about the sources of nonpoint groundwater contamination, the
degree and extent of impact, and the potential threat posed to the aquifers of the state
are best addressed by basic research. Adequate funding necessary to support relevant
scientific investigations by academic and state regulatory agencies should be provided.
A comprehensive aquifer mapping and groundwater classification program is needed in
order to identify groundwater resources which may be particularly vulnerable to
nonpoint pollution. This program should include assessments of groundwater quality in
order to identify particular contaminants of concern, evaluate existing levels of
contamination, and monitor impacts of contamination on aquifers and groundwater-
supported drinking water supplies throughout the state. In addition, Kentucky would
benefit greatly from a comprehensive aquifer protection program which assures that
important groundwater resources are not degraded or adversely impacted by nonpoint
source contamination.

Federal Policy Responsibility

The U.S. Environmental Protection Agency must develop a concept for
groundwater protection that will be implemented through development of a federal
regulatory secenario including minimum groundwater quality standards and mandatory
requirements for state programs. Additionally, EPA must integrate this overall
groundwater protection strategy into the regulations promulgated under the authority
of the Clean Water Act, the Toxie Substances Control Act, the Comprehensive
Environmental Response, Compensation and Liability Act, the Safe Drinking Water Act,
and the Federal Insecticides, Fungicide and Rodenticide Act. EPA, not states, must
take the lead in a comprehensive framework for coordinating federal programs. Since
they establish minimum standards for programs that may be delegated to states and
promulgate regulations for those programs that are not delegated, only EPA can ensure
coordination of all programs that impact groundwater.

EPA should promulgate regulations for all of the above laws to ensure
consistency in groundwater quality standards and protection measures. The states could
then promulgate regulations that would ensure protection of unique, sensitive, or
vulnerable areas within the state. Establishment of regulatory standards at the federal
level also addresses concerns for aquifers that cross state boundaries.
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WATER POLLUTION CONTROL PROGRAMS




POINT SOURCE CONTROL PROGRAM

Wastewater Treatment Facility Permitting

Point source pollution refers to any discharge from municipal or industrial
facilities that can be identified as emanating from a discrete source such as a conduit
or ditch. Kentuecky has a total of 6,650 facilities covered by the Kentueky Pollutant
Discharge Elimination System (KPDES) program. In addition, new federal mandates
require expansion of the point source program to include stormwater runoff.

Wastewater permit limits in Kentucky have been water quality-based since
National Pollutant Discharge Elimination System (NPDES) program delegation on
September 30, 1983. Generally, there are two approaches for establishing water
quality-based limits for toxic pollutants: (1) chemical-specifie limits, meaning the use
of individual chemical criteria (which are derived for the protection of aquatic life)
for determining discharge limits for all known toxic or suspected toxie pollutants in an
effluent; or (2) whole effluent toxicity testing, which sets limits on an effluent's total
toxicity, as measured by acute and/or chronic bioassays on appropriate aquatie
organisms. Both approaches have advantages and drawbacks, but when both are
integrated into a toxies control strategy, they provide a flexible and effective control
for the discharge of toxic pollutants.

Toxicity data are available for only a limited number of compounds. Single
parameter protection criteria, therefore, often do not provide adequate protection of
aquatic life where the toxicity of the components in the effluent is unknown, where
there are synergistic (greater than predicted) or antagonistic (less than predicted)
effects between toxic substances in complex effluents; and/or where a complete
chemical characterization of the effluent has not been carried out. Since it is not
‘economically feasible to determine the toxicity of each of the thousands of potentially
toxie substances in complex effluents or to conduct exhaustive chemical analyses of
effluents, the most direct and cost-effective approach to measuring the toxiecity of
effluents is to conduct effluent toxicity tests with aquatic organisms. By the end of
1989, Kentucky had incorporated biomonitoring requirements into the permits of 66
municipal wastewater treatment plants and 35 industrial wastewater facilities.

The quality of Kentucky's surface waters continues to face a threat from
improperly treated industrial waste discharged into municipal sewage treatment
systems. Such waste often contains pollutants that are either not removed by the
municipal treatment process or, if removed, result in the generation of contaminated
sludge. In an effort to control this problem, Kentucky has approved pretreatment
programs in 64 cities and has screened several others to determine their need for a
pretreatment program. A list of communities with approved pretreatment programs
and the estimated costs to administer the local program is presented in Table 34. The
facilities needing programs are all on schedule for obtaining approval. Once approved,
each program is inspected annually and must submit semi-annual status reports to the
Division of Water for review. These reports are incorporated into the computer files
known as the Permit Compliance System (PCS) and Pretreatment Permits and
Enforcement Tracking System (PPETS).

Municipal Facilities

The Construction Grants Program has resulted in the construction of $57.8
million in wastewater projects which came on line during 1988-1989 as indicated in
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. Table 34
Total Estimated Level of Annual Funding Required
to Implement the POTW Pretreatment Program

No. City $/year
1. Adairville 6,250
2. Ashland 73,000
3. Auburn 2,300
4, Bardstown 20,000
5. Beaver Dam 12,750
6. Berea 10,000
7. Bowling Green 75,000
8. Calhoun in-active
9. Calvert City 20,000
10. Campbellsville 45,000
11. Campbell/Kenton Co. SD #1 85,000
12. Corbin ‘ 14,600
13. Cynthiana 250
14. Danville 8,500
15. Edmonton 5,000
16. Elizabethtown 115,000
17. Eminence 5,200
18. Frankfort 29,000
19. Franklin 30,000
20. Fulton 16,000
21. Georgetown 10,000
22. Glasgow 30,000
23. Guthrie 16,000
24. Harrodsburg . 25,000
25. Hartford 1,000
26. Henderson 70,000
27. Hopkinsville 154,000
28. Horse Cave 10,000
29. Jamestown - Russell County 30,000
30. Jeffersontown 60,000
31. Kevil 100
32. Lancaster 4,000
33. Lawrenceburg 16,000
34. Lebanon 7,100
35. Leitehfield 20,200
36. Lexington 189,000
37. Livermore 1,500
38. London 6,500
39. Louisville MSD 896,900
40. Madisonville 30,000
41. Marion 3,100




Table 34 (Continued)

No. City $/year
42, Maysville 12,000
43. Middlesboro 9,000
44, Monticell in-active
45. Mount Sterling 12,000
46. ) Murray ) 9,000
417. Nicholasville 31,000
48. Owensboro 49,000
49, Owingsville 500
50. Paducsah 81,200
51. Paris 30,000
52. Princeton 12,000
53. Richmond 23,800
54. Russellville 5,000
55. Scottsville 1,500
56. Shelbyville 13,000
57. Somerset 75,000
58. South Campbell County in-active
59. Springfield 500
60. Stanford 1,100
61. Tompkinsville in-active
62. Versailles 8,000
63. Williamstown 6,350
64. Winchester , 40,000

TOTAL 2,573,200

Table 35. Twenty-one municipal wastewater projects were completed during this two
year period. An additional 20 projects are in various stages of construection.

Significant improvements in water quality have been realized through the
construction of new wastewater treatment facilities. A review was made of facilities
completed during 1988-1989 which had discharges to surface waters. The discharge
monitoring reports indicated significant reductions in pollutants.

Although significant improvements in water quality have been realized through
the construction of new wastewater treatment facilities, there are numerous needs
that remain to be addressed. The 1988 Needs Survey, conducted by the Division of
Water as part of its planning process, indicated that municipal dischargers continue to
impair water quality and pose potential human health problems. State and federal
minimum treatment requirements are not being met in every instance. The 1988
Needs Survey identified a capital investment need of $1.11 billion to construct and
rehabilitate wastewater treatment facilities and components for Kentucky, based on
the 1988 population. Backlog needs of $1.11 billion, coupled with long-range needs for
publicly-owned treatment facilities, reveal a projected total need of over $1.48 billion
through the year 2008. A detailed breakdown of investment needs is presented in
Table 36. ‘
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Table 35
Construction Grants Funded Projects Which Came on Line
During Calendar Years 1988-1989

Design
Date Flow Treatment
on Line (MGD) Cost Interceptors
Ashland 6/89 11.000 $16,013,289 $2,651,277
Radeliff 2/88 2.800 $ 5,137,510 $3,077,836
Lancaster 9/89 1.00 $ 1,663,500 $ 149,700
Leitchfield 4/88 1.300 0 $ 75,866
Springfield 6/88 0.464 $ 3,009,242 $ 184,224
Paintsville 5/88 0.993 $ 4,712,733 $ 115,670
Dawson Springs 9/89 0.320 $ 2,415,522 0
Fulton 9/89 0.720 $ 1,411,165 0
Hodgenville 7/89 0.289 $ 2,367,170 $ 287,551
Stanton 1/89 0.460 $ 1,816,234 0
Owenton 9/89 0.150 $ 1,916,836 0
Hardinsburg 6/89 0.110 $ 1,972,539 $ 792,284
Lancaster 6/88 0.375 $ 762,628 $ 140,081
Elkton 5/88 0.250 $ 1,319,062 $ 984,795
Vine Grove 3/89 0.714 $ 2,937,631 $1,288,704
Hanson 5/88 (Sewers) 0 $ 327,169
Taylor Mill 1/89 (Sewers) 0 $ 250,000
Totals $47,455,061 $10,325,157
Table 36

Investment Needs for Wastewater Treatment
Facilities in Kentucky
1988-2008
(In January 1988 millions of dollars)

For Current Projected Needs
Facility 1988 Population 2008 Population
Secondary treatment $ 137 $ 185
Advanced secondary treatment $ 50 $ 60
Infiltration/Inflow $ 18 $ 78
Major rehabilitation of sewers $ 12 $ 12
New collector sewers $ 544 $ 671
New interceptor sewers $ 264 $ 428
Correction of combined
sewer overflows $ 23 $ 23
Total . $1,108 $1,457




The 1986 305(b) Report to Congress described Kentucky's Water
Infrastructure Report and concluded that a revolving loan fund concept was the most
feasible option for Kentucky in meeting its water infrastructure needs. Because the
federal law was not in place at that time, Kentucky was unable to pass appropriate
legislation during the 1986 Kentucky General Assembly.

When the 100th Congress of the United States passed HR 1, this initiated the
final steps toward establishment of state revolving funds. States were given the
option of using a portion of the allotment for grants through FY 90. Kentucky made
the decision to place all federal dollars in the revolving fund to the extent possible
beginning in FY 88. A few large segmented grant projects require continuation of
grant funding through FY 90. An early transition from grants to loans will assure more
available dollars in the revolving loan fund over the long term.

Kentucky state legislation was passed March 14, 1988. Kentucky has received
two capitalization grants from EPA. These grants of FY 88 and FY 89 federal funds
total $33.2 million. Provisions have been made in the state biennial budget for the 20
percent match, and it is estimated that approximately $147 million will be available in
federal and state funding through 1994 when federal funding is to cease. This should
be a first step toward funding the $353 million of requests contained in the state's
priority list, plus other wastewater needs which have not yet been placed on the
priority list.
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NONPOINT SOURCE POLLUTION CONTROL PROGRAM

The Kentucky Nonpoint Source Management Program document provides a
comprehensive description of Kentucky's strategy for controlling nonpoint source (NPS)
pollution. It was prepared by the Division of Water (DOW) in response to the
requirements of the Water Quality Act of 1987 and received full approval from the U.S.
Environmental Protection Agency (EPA) in November, 1989. It describes those control
measures, or best management practices (BMPs), which Kentucky will use to control
pollution resulting from each NPS category (agriculture, construction, ete.) identified in
the Kentucky NPS Assessment Report (and this report); the programs to achieve
implementation of those BMPs; and a schedule for implementing those programs.

Because NPS pollution arises from a wide spectrum of diffuse sources
throughout the Commonwealth, a variety of programs exists in a number of agencies
which address NPS pollution control. The DOW serves as the lead oversight agency for
these programs. Agencies and institutions cooperating in the implementation of
Kentucky's NPS Management Program include the Kentucky Division of Conservation
(DOC), Division of Forestry, Division of Waste Management, Division of Pesticides, and
Department for Surface Mining Reclamation and Enforcement, Kentucky Conservation
Distriets, Kentucky Geological Survey, U.S. Soil Conservation Service (SCS), U.S.
Agriculture Stabilization and Conservation Service (ASCS), U.S. Forest Service, U.S.
Geological Survey, U.S. Army Corps of Engineers, Tennessee Valley Authority,
University of Kentucky Water Resources Research Institute, and University of
Kentucky College of Agriculture.

To help identify new directions for Kentucky's NPS Management Program, a
NPS Advisory Committee was formed with representatives from government agencies
‘having a role in NPS pollution control; the agriculture, construction, forestry, and
mining industries; and private citizens and groups concerned with environmental
protection interests. Most of the Advisory Committee's recommendations were
incorporated into the program.

Monitoring

Nonpoint source pollution problems in the waters of the Commonwealth
originate from land-based activities. The direct interrelationship between land
activities and water quality necessitates that both the terrestrial and the aquatic
environments are monitored and evaluated. To this end, the NPS Pollution Control
Program has formed two on-site planning field teams. Each team consists of a DOW
field team leader with an aquatic ecology background and a DOC field team member
with an agronomy/agriculture background.

The actual collection, assessment, evaluation, and interpretation of both
water quality and land-based data is the responsibility of the field teams. Physical
characteristics of the waterbody, water chemistry, aquatic biological community
structure, and land-based activities are different aspects of the waterbody's ecosystem
that may be monitored. A multifaceted approach is necessary for NPS monitoring
because of: (1) the mobility of NPS pollutants, (2) the varying degrees of pollutant
toxicity, (3) the close interrelationship of land-based activities and NPS pollution, and
(4) the spatial and temporal variabilities which exist in natural, dynamic ecosystems.
Standard operating procedures (SOPs) specific for NPS monitoring activities are being
developed for quality assurance and quality control. Nonpoint source SOPs will provide
instruction and guidance in, and will ensure standardization of, study plan development,
station location selection, water quality monitoring, land use/treatment monitoring, and
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weather monitoring. Additionally, field data sheets are being developed for improved
reporting capabilities.

Water quality monitoring is an important aspect of the NPS program,
especially: (1) where monitored water quality data is lacking, (2) where existing NPS
pollution problems need to be quantified, and (3) where documentation is needed to
show changes in water quality where alterations in land use practices have occurred.
Monitoring will be conducted in priority watersheds and at demonstration projects.

Priority Watershed Monitoring Projects

Priority watersheds will be identified according to the prioritization
process described in the Kentucky Nonpoint Source Management Program. The NPS
field teams will conduct limited water quality monitoring in these priority watersheds,
including but not limited to physicochemical and biological data. Some purposes for
monitoring these watersheds are: (1) to identify or verify any nonpoint source pollution
problem, (2) to determine if a waterbody is not supporting its designated uses as a result
of NPS contamination, (3) to update the NPS Assessment Report, (4) to measure any
changes in water quality, (5) to target areas for demonstration project implementation,
and (6) to evaluate the prioritization process.

Demonstration Project: Turnhole Spring Groundwater Basin

Increasing public awareness of water quality problems at Mammoth Cave
National Park has resulted in the development of the Mammoth Cave Karst Area Water
Quality Oversight Committee. Its purpose is to achieve ecoordination among ecitizens,
land users, and government agencies to monitor and improve the quality of waters in
the karst area in south-central Kentucky.

A’ multi-agency technical committee consisting of representatives from
local and state SCS offices, the ASCS, U.S. National Park Service, DOC, DOW,
Kentucky Geological Survey, U.S. Geological Survey, Tennessee Valley Authority,
University of Kentucky-College of Agriculture, Western Kentucky University-
Department of Agriculture, and Western Kentucky University-Center for Cave and
Karst Studies was established to work with the Mammoth Cave Karst Area Water
Quality Oversight Committee in developing a nonpoint source water quality project for
the Mammoth Cave area.

Turnhole Spring basin was targeted as the critical monitoring area within
the Mammoth Cave drainage. Local SCS and ASCS representatives prioritized farms
within Turnhole Spring basin for possible demonstration projects. Based on land
resource needs, accessible water monitoring areas, and farmer cooperation, three farms
were prioritized as demonstration farms. On each demonstration farm, best
management practices will be implemented in a holistie, systems approach. Multi-
agency monitoring efforts will be utilized to document agricultural impacts on the
quality of surface waters, groundwaters, and wetlands, as well as to address cross-
media interactions. DOW will be responsible for developing study plans for monitoring
activities on demonstration farms; coordinating monitoring activities with other
involved agencies; implementing water quality monitoring; and interpreting and
documenting changes in water quality that relate to the implementation of BMPs.
These demonstration farms will be used for agricultural education purposes.



Other Water Quality Projects

The NPS on-site planning field teams are also involved in other water
quality projects. The team leaders provide technical assistance and limited monitoring
for these projects, which are discussed below.

Upper Salt River/Taylorsville Reservoir Watershed

Fishery problems in Taylorsville Reservoir, including fish kills and reduced
fish reproduection, have prompted multi-agency concern over the water quality in the
Upper Salt River watershed. The U.S. Army Corps of Engineers, Kentucky Department
of Fish and Wildlife Resources, and DOW have begun efforts to assess the fishery
problems in the reservoir. The basin is being impacted from excessive nutrient and
sediment loading from agricultural activities, municipal wastes, faulty septic systems,
and other land use activities. A comprehensive study plan has been developed by NPS
field team leaders, which describes the objectives and activities of agencies involved in
water quality monitoring in the upper Salt River/Taylorsville Reservoir watershed. The
NPS program proposed a study to determine the contribution of nonpoint source
pollution from agricultural activities on the water quality of the upper Salt River. The
NPS field teams have obtained and compiled various land use/cover/treatment data
including, but not limited to, geology, pesticide usage, number of failing septic systems,
number of dairies, and animal waste facilities in the watershed. In order to verify and
update available land use/land cover data and to assist in selecting sampling stations,
field reconnaissance of the watershed has been conducted by field team members and
other DOW biologists. DOW biologists collected physicochemical and biological data as
part of an intensive survey in the upper Salt River watershed. As part of the proposed
study, stream flow was measured and water chemistry was sampled during three rain-
events and one low flow period on the Salt River immediately upstream from
Taylorsville Reservior. Sampling at eight additional locations is proposed for early
1990.

Upper Green River Watershed

The Concerned Citizens of Upper Green River for Better Water Quality
has raised the public consciousness of water quality issues in the upper Green River
watershed. In association with the SCS, this concerned citizen's group applied for, and
received, a federal grant from the ASCS for implementing agricultural best
management practices at a 75/25 percent cost share. The NPS teams have conducted
county-level field reconnaissance with each SCS district conservationist to try to
identify possible BMP installation sites and water quality sampling stations. Field
reconnaissance was also conducted by NPS field teams in order to verify and update
available land use/land cover data, and to assist in selecting sampling stations. The
teams obtained and compiled various land use/cover/treatment data including, but not
limited to, geology, pesticide usage, number of failing septic systems, number of
dairies, and animal waste facilities in the watershed. Pre- and post-BMP monitoring,
using a paired-watershed approach, will be conducted in order to document long-term
effects of agriculture BMPs (especially nutrient management BMPs) on water quality.
Pre-BMP low and normal flow condition water samples have been collected at each
station. Additionally, pre-BMP biological data (fish, macroinvertebrates and algae)
have been collected at each station. Additional pre-BMP data may be collected early in
1990.



Kentucky State University Farm Demonstration Project

The Kentucky State University (KSU) farm will soon be conducting a project
to demonstrate and quantify the merits of soil and water conservation by integrating
principles of sustainable agriculture into a whole-farm plan for limited-resource
farmers. The demonstration program will integrate many principles of sustainable
agriculture and soil and water conservation including reduced tillage, intensive grazing
management, integrated pest management, and alternative crops. KSU requested
technical assistance from the DOW concerning water quality monitoring, which was
provided in early 1990. The initiation and maintenance of these systems will be
videotaped to establish a library of instruetional materials for farmers, small farm
assistants, extension service personnel, and other interested people. This information
will be available through the KSU on-farm media center and traditional channels. Farm
tours and field days will also be planned.

Data Collection/Data Management

A necessary and important function of the NPS program is the collection
and management of NPS-related information. The cooperative, multi-agency nature of
the program prescribes the reliance upon, and utilization of, existing data such as land
use classification statisties, baseline water quality values or best management practice
evaluations. To this end a NPS document library has been developed. All NPS-related
documents are cataloged, and pertinent data is entered on computer for future
retrieval. In addition, a computer literature search service has been identified and
utilized for accessing other scientific and technical information pertinent to the
program. Further, several statewide databases have been identified and utilized,
ineluding county-specific fertilizer and pesticide databases.

Education

To a large extent, the implementation of BMPs to control NPS pollution in
Kentuecky relies upon voluntary adoption by those who manage the use of Kentucky's
land resources. Therefore, education plays a vital role in Kentucky's NPS Management
Program. NPS education programs inform land users and other Kentucky citizens about
the causes, consequences, and solutions (BMP use) for the various types and sources of
NPS pollution.

The DOW NPS program coordinates and supports a wide spectrum of NPS
educational activities and programs. These programs are conducted by a number of
cooperating agencies and institutions including the DOW, DOC, Division of Forestry,
Division of Pesticides, local Conservation Distriets, SCS, and the Kentucky Cooperative
Extension Service. The DOW has provided program speakers for school classrooms,
civie groups, trade organizations, and agency meetings. Additionally, exhibits and other
educational materials have been provided for use in conferences, fairs, field days, and
clean-up days.

The WATER WATCH program (described in another section of this report)
has proven to be a particularly valuable channel for educating citizens about NPS water
quality problems and solutions. The NPS program staff and the Water Watech
coordinator are working to further expand WATER WATCH educational materials and
programs to: (1) include more information on BMPs and NPS pollution control, (2) train
participants to identify land use activities that are contributing to NPS pollution of
their adopted waterbody, and (3) collect data about water quality, aquatic life, and
aquatic habitat conditions.
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Update of the Nonpoint Source Pollution Assessment Report

Section 319 of the Water Quality Act of 1987 required all states to complete
and submit a statewide Nonpoint Source (NPS) Pollution Assessment Report to EPA.
The NPS Assessment Report was an attempt to identify all waters contaminated by NPS
pollution and the NPS categories contributing to the problem. Kentucky's report was
completed and approved by EPA in January, 1989. EPA requires each state to update
the report every year. An updated 1989 NPS Assessment Report can be obtained by
contacting the DOW. Additionally, an update of the NPS Assessment Report is a part
of the 305(b) reporting process. The assessment update will: (1) identify navigable
waters impacted by NPS pollution, (2) detail changes that have occurred since the
publication of the assessment in the 1988 305(b) Report, and (3) discuss NPS pollution in
Kentucky's waters.

The NPS Pollution Assessment Report fulfills four requirements of Section
319 which are briefly summarized as follows:

1. Identify navigable waters which can not attain or maintain applicable
' water quality standards or goals and requirements of the Water Quality
Act of 1987, without additional action to control NPS pollution.

9. Identify categories and subcategories of NPS pollution that affect
waters identified in item 1.

3. Describe the process for identifying Best Management Practices (BMPs)
and other measures to control NPS and to reduce such pollution to the
"maximum extent practicable".

4. Identify and describe state and local programs for NPS control.

The discussion that follows relates to items 1. and 2. An example of the
format used in Appendix D to identify NPS impacted waters is presented in Figure 1.
Information contained in the appendix includes the waterbody code, waterbody name,
NPS categories, parameters of concern, data sources, method of assessment, and
designated uses not fully supported.

Figure 1. Data Table Organization for Nonpoint Source Impacted Waters
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Waterbody Name and Code

The identification of waters impacted by NPS pollution consists of the name
of the principal stream, lake, wetland, or groundwater site. The code further delineates
the water being assessed and has been indexed in a computer storage and retrieval
system for easy access to information compiled for the waterbody.



NPS Category

The categories and subcategories of NPS pollution sources for each of the
listed waters and their codes were established in EPA's guidance document for the
preparation of the 1990 305(b) report. Refer to Appendix D for a listing of the codes
and sources.

Additionally, the NPS categories were prioritized based on the severity of
the NPS impact. Prioritized categories appear in numbered columns, indicating the
relative severity of NPS impacts for a specific waterbody. Column one identifies the
NPS impact of greatest concern.

Parameters of Concern

This information indicates the parameters which significantly contribute to
the NPS impacts. These parameters include sediment, nutrients, bacteria, chemicals,
pesticides, metals, ete. See Appendix D for a list of the parameters and their
abbreviations.

Data Sources: Evaluated/Monitored

Information for Kentucky's NPS Assessment Report was gathered from many
different sources. Both evaluated and monitored data were obtained and used to assess
the NPS impacts to streams and lakes, wetlands, and groundwaters. Two levels of
assessment were used to determine the impact of NPS pollution: monitored or
evaluated. "Monitored" waters are those that have been assessed based on current site-
specific water quality data. Waters were labeled as being "evaluated" if they were
judged to be impacted by NPS pollution based on field observations, citizen complaints,
fish kill reports, land use data, ete. Additionally, specific water quality data more than
five years old were labeled as evaluated.

Seventeen different information sources were used to evaluate actual and
potential NPS impacts to the streams and lakes of Kentucky. Most of the evaluated
impacts were based on data obtained from a 1987 NPS survey. The survey requested
the conservation distriet boards in each county to identify surface waters affected by
NPS pollution, categories or subcategories of NPS poilution, land uses, and conservation
practices. The survey provided information based on the conservation districts' best
professional judgment and the technical expertise of field representatives from the SCS
and the DOC. The survey had a 100 percent response. Information was also obtained
from a NPS survey of private citizens and groups with a known interest in water
quality. There were 85 responses including those from various groups and organizations
such as County Health Departments, the ASCS, and representatives from the Kentucky
Chapters of the National Audubon Society and the Sierra Club. Evaluated information
was not based on data gathered through actual monitoring efforts. The information was
considered valuable, however, because of the proximity of those providing the data to
the actual NPS problems.

Monitored water quality data were also used for assessing NPS impacts to
Kentucky's streams and lakes. The 1986 and 1988 305(b) reports are data sources
frequently identified in the assessment tables providing monitored physicochemical and
bacteriological data. Other sources of data for the assessment include DOW ambient
water quality data (DOW-AMB), DOW intensive surveys (DOW-IS), Water Resources
Data for Kentucky (USGS, 1980), Environmental Impact Statement, Yatesville Lake
Project (ACOE, 1985), The Effects of Coal Mining Activities on the Water Quality of
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Streams in Western and Eastern Coalfields of Kentucky (DOW, 1981), water quality data
from the Ohio River Valley Sanitation Commission (ORSANCO, 1988-1989), water
quality data from the University of Kentucky (UK, 1989), DOW biomonitoring water
quality data (DOW-BM), DOW lake monitoring program (DOW-LAKES, 1988-89), DOW
bacteriological studies (DOW-BACT), DOW fixed biological stations (DOW-BIO), other
DOW water quality data (DOW and TN Tech, 1989) and additional monitored water
quality data from the EPA.

The extent of NPS contamination of groundwaters has not been thoroughly
researched or documented. Approximately 30 different information sources were used
to assess groundwater impacts. Literature searches revealed several site-specific
groundwater studies which provided both evaluated and monitored information. Much
of the specific monitored groundwater data was more than five years old, and therefore
was identified as evaluated in the Data Sources column. DOW's groundwater staff
provided most of the evaluated data.

Twelve different information sources were used to assess NPS impacts on
wetlands. The majority of these sources provided actual monitored data.
Physicochemical data were collected and documented by several information sources
noted as Bosserman (1985); Mitsch (1985, 1983, 1982); and the Kentucky State Nature
Preserves Commission (NPC) (1982, 1981, 1980a, 1980b, 1979). Biological data were
also collected by NPC personnel for several of the wetland systems. The biological
monitoring included qualitative and quantitative analyses of algae, macroinvertebrates,
and fish. The data were collected more than 5 years ago so it was identified as
evaluated in the assessment tables. Other evaluated wetland information was provided
by the Draft Environmental Impact Statement, Reelfoot Lake Water Level Management
(USFW, 1988); 1987 Nonpoint Source Survey (NPS Survey, 1987), and the D1v1smn of
Water (DOW, 1989).

Uses Not Fully Supported

Kentucky water quality regulations classify streams based on identifiable
uses. The stream use classifications are: (1) Warmwater Aquatic Habitat (WAH), (2)
Coldwater Aquatic Habitat (CAH), (3) Domestic Water Supply (DWS) (4) Primary
Contact Recreation (PCR), (5) Secondary Contact Recreation (SCR), and (6)
Outstanding Resource Waters (ORW). Uses in several waterbodies have been designated
as threatened due to land-based activities in the area. Threatened use means that while
a use or uses are fully supported in these waterbodies, NPS pollution arising from
current land use activities in those watersheds could potentially make these
waterbodies not support a use. The use classifications help protect public health and
welfare, and protect and enhance the quality of water for aquatic life. Partial and
nonsupport are not differentiated in the tables, but these support categories are
reported separately in the streams and rivers, and lake assessment chapters in this
report.

Surface and Groundwaters Impacted by Nonpoint Source Pollution

Rivers, Streams and Lakes

Nonpoint source pollution of Kentucky's rivers, streams, and lakes is
widespread, occurring in virtually every county of the state. Agricultural activities are
the major sources of NPS pollution in Kentucky, both in terms of statewide distribution
and the severity of pollution within a given area or watershed. Sedimentation due to
water erosion of disturbed land is the primary consequence of agricultural land use.



Sediment is the most common nonpoint source pollutant by volume in Kentucky. It can
cause navigational and flooding problems, threaten aquatic life, and transport large
amounts of other pollutant materials. For example, nutrients and pesticides, two
additional major categories of agricultural NPS pollutants, bind to, and are transported
along with, sediment particles to streams and lakes.

Crop production is the primary agricultural land use activity affecting water
quality. Because of its widespread occurrence, pastureland, especially where poorly
maintained, is the second most common source of agricultural NPS pollution. Nutrient
loading and bacterial contamination from feedlots, animal holding, and other livestock
management areas are commonly occurring and often critical NPS problems throughout
the Commonwealth. Other sources of agricultural NPS pollution include streambank
erosion from unrestrained livestock, irrigated crop production, and speciality erop
production (truck farming). :

Surface coal mining activities are the most extensive and critical sources of
NPS pollution that impact the streams and lakes of the Eastern and Western Kentucky
Coalfields. Underground coal mine activities are a common secondary source of NPS
pollution in these regions. Other mining-related nonpoint pollution sources in the state
include runoff from limestone quarries and abandoned fluorspar mines.

Sediment, acid mine drainage, and elevated iron and sulfate concentrations
are the principal pollutants associated with surface and underground coal mining
activities. Sedimentation arises from stripping operations, haul roads, spoil banks on
unreclaimed abandoned mine areas, deforested areas, sediment retention structures
which have failed or do not operate properly, and sometimes surface disturbances
associated with areas permitted for deep mining. Abandoned mines, which include
underground mines and surface mines abandoned illegally or before mining regulations
took effect, generally contribute the most severe acid water problems. Impacts from
limestone quarries generally involve slight downstream increases in siltation and
alkalinity.

Petroleum extraction activities ocecur in several regions of the
Commonwealth. Improper brine discharges from oil and gas drilling operations result in
high chloride levels, which in some areas are severe enough to eliminate aquatic fauna
and adversely affect downstream public water supplies. Sedimentation from improperly
constructed and maintained oil and gas facility service roads is also of concern.

Sedimentation of streams and lakes frequently results from silvicultural
activities, or activities related to use of forest lands. Erosion can result from logging
operations, saw mill runoff, reforestation, residue management, forest fires, haul road )
construction and maintenance, and woodland grazing of livestock. NPS pollution from
silvicultural operations is widespread in Kentucky and is of special concern in steeply
sloping areas.

Sediment is the major pollutant arising from several other source categories
of NPS pollution. Construction activities (residential, commercial, or highway) can
expose bare soil, resulting in severe erosion and sedimentation. Hydrologie habitat
modification  activities such as dredging, channelization, and flow
regulation/modification, can alter the stream flow, disturb adjacent land area, and
cause streambank erosion. Streambank erosion can also be caused by unrestrained
access for livestock and increased runoff from impervious surfaces in urban areas.
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Nonpoint source pollutants other than sediment are carried by runoff from
several different categories of sources into Kentucky's streams and lakes. Stormwater
runoff from urban areas washes nutrients, pesticides, bacteria, petroleum produets, and
a broad spectrum of other toxic substanees into streams and lakes. On-site wastewater
system runoff, especially from malfunctioning septic tanks, carries bacteria and
nutrients to waterbodies. Solid waste and sewage is another frequently occurring NPS
pollution category. While garbage, refuse, and debris primarily clog watercourses and
create aesthetic eyesores, they can also be a water quality problem because of
pollutant residues remaining in the discarded containers and packaging. Finally,
herbicides and other toxic substances which are used in highway and railroad right-of-
way maintenance, discarded in landfills, or used in industrial land treatment, have been
reported to pollute Kentucky's streams and lakes.

Appendix D presents an updated, comprehensive listing of Kentucky rivers,
streams, and lakes impacted by NPS pollution. Both monitored and evaluated data were
used to update the 1989 version of the Kentucky Nonpoint Source Pollution Assessment
Report. In many cases, analysis of the updated information has resulted in changes to
designated use support determinations. Compared to earlier determinations, a greater
number of rivers, streams, and lakes are now reported to not fully support their
designated uses because of nonpoint sources of pollution. This is because additional

available data have enabled use support determinations to be made for more of the
Commonwealth's waters.

The appendix consists of tables organized by the eight major Kentueky river
basins and minor tributaries of the Ohio River. Impacted waters are identified by
Waterbody System number. When comparing this updated report to earlier versions of
the Kentucky Nonpoint Source Pollution Assessment Report, it is important to note that
the earlier reports identified impacted waters by P.L.-566 watershed number, and that
there is not a one-to-one correspondence between the Waterbody and P.L.-566
cataloging systems.

Wetlands

Kentucky possesses a diversity and abundance of wetland resources. The
major wetlands are identified as riverine, palustrine, and lacustrine. Human activities
which adversely impaet wetlands include resource exploration and extraction,
agriculture, hydrologic/habitat modification, silvieulture, and construction. Resource
extraction activities of some type probably affect more acres of wetlands in Kentucky
than any other category. Nonpoint source pollutants such as acid mine drainage and
sedimentation have adversely impacted the water quality, soil saturation time, and
vegetation of these wetlands. Another resource extraction activity, petroleum
exploration and extraction, also has a detrimental effect on wetlands. 0il well drilling
often results in modifications to the existing drainage patterns, with subsequent
changes in adjacent wetland ecosystems. Additionally, oil spillage and brine discharges
from active oil wells adversely impact wetlands. :

Historically, the conversion of wetlands for agriculture has resulted in
substantial losses of wetland resources in the Commonwealth. In addition to direct
wetland loss through conversion, agricultural nonpoint source runoff containing high
concentrations of sediments, nutrients, and pesticides can potentially degrade wetland
areas.

Riparian wetlands are impactéd by hydrologic/habitat modifications such as
channelization and flood control activities. Straightening channels for flood control ean
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.prevent the natural flooding of wetlands and subsequently reduce their mineral and
organic nourishment. Constructed levees can cut off wetlands from floodplains or
increase water levels, both of which alter the natural soil saturation period and can
cause an adverse change in wetland functions.

Another threat to wetland resources is silvicultural activities. Timber
harvesting is periodically desired on wetland areas with large stands of timber.
However, logging operations typically result in soil compaction and sedimentation,
resulting in wetland alteration and degradation.

Wetlands in Kentucky are also affected by construction activities. Land
development, highway construction, and other construection related activities can result
in both wetland conversion and nonpoint source pollutant loading to adjacent wetlands.

Groundwater

One of the most valuable resources in Kentucky is the state's extensive
groundwater system. Groundwater is susceptible to nonpoint source (NPS)
contamination. Karst regions, which comprise about 50 percent of the Commonwealth,
are especially vulnerable. Approximately 48 of Kentucky's 120 counties are considered
at high to moderate risk for groundwater contamination. The variety of geologic
settings within Kentucky provide for significant local differences in the transport,
accumulation, and breakdown of pollutants in the subsurface environment. The spatial
variability of land uses also affects the distribution of pollutants in groundwater.
Activities that can lead to groundwater contamination include agriculture, on-site
sewage systems, waste disposal, resource exploration, development and/or extraction,
improper well construction and operation, urban development, construction,
underground injection of liquids, underground storage tank leakage, and spills.

Agricultural activities have a major impaet on Kentucky's groundwater
resources. Sedimentation is a common contaminant resulting from agricultural
activities, especially in karst areas where sediment-laden streams sink into
subterranean caverns. Other identified contaminants from agricultural activities are
pesticides, nutrients, and bacteria. Some types of pesticides are soluble in water and
are transported to aquifers by percolation of precipitation or by runoff from cropland.
Excessive amounts of nitrates, nitrites, and bacteria can potentially render an aquifer
useless. These contaminants may reach groundwater sources via percolation of
precipitation through contaminated soil or runoff from animal feedlots, animal waste
storage facilities, animal waste spreading operations, and sewage disposal systems.

Another major NPS impaet to Kentucky's groundwater is improperly
constructed or maintained onsite sewage disposal systems. Bacteria, nutrients, and
potentially hazardous chemicals are the major parameters of concern. Leakage from
these systems percolates through the soil into groundwater sources. Contamination of
well water by onsite sewage systems can pose serious health problems to well users.

Contaminants such as PCBs, metals, bacteria, and hazardous chemicals are
major parameters of concern in leachate and runoff from inadequately constructed or
maintained solid or hazardous waste disposal facilities. In karst areas, the relatively
rapid rate of contaminant transport through the soil into the aquifer results in the
decreased ability of the soil to filter contaminants from the water. Where a leak
occurs in a faeility's liner, contamination could be swift and extensive. Runoff from
such areas can potentially cause serious degradation problems in groundwater systems.
Illegal dumping of wastes into sinkholes, along roadsides, or in secluded areas may also
impact groundwater resources.

95



Resource exploration, development and/or extraction activities can cause
regional NPS groundwater contamination problems. Petroleum extraction activities,
such as the construction and operation of oil and gas wells, can cause groundwater
contamination. Elevated concentrations of chlorides and total dissolved solids in
groundwater are associated with brine contamination from oil and gas well drilling
activities. Brine can enter the groundwater system directly during the well drilling
process via improper underground reinjection, or as a result of waterflooding techniques
commonly used for secondary petroleum recovery. Other parameters of concern from
petroleum activities include metals and sulfates. Groundwater systems in Kentucky's
coal regions are particularly vulnerable to NPS pollution impacts as well. The major
parameters of concern regarding coal mining activities are elevated concentrations of
metals and acid mine drainage. To a varying degree, groundwater quality near
abandoned mines can be impacted by NPS contaminants. The Division of Abandoned
Lands has had a significant number of requests from local governments for assistance in
developing public water supplies where existing groundwater sources have been
adversely impacted.

Urban areas and construection activities have been identified as sources of
NPS contaminants of groundwater. In urban karst areas, groundwater is vulnerable to
contamination by metals, bacteria, pesticides, and oil and grease from street runoff.
Highly contaminated stormwater runoff can directly recharge groundwater through
sinkholes used as auxiliary stormwater disposal facilities and sinking streams. Sediment
is usually the major contaminant from construction activities.

Underground injection of liquid wastes, underground storage tanks, and spills
are other NPS polluters of groundwater. Underground injection of liquid wastes will
severely impact an aquifer if the substance is injected directly into the aquifer. The
parameters of concern are dependent upon the identity of the injected liquid. Leaking
underground storage tanks can also cause localized groundwater damage. Petroleum
products can readily percolate into underlying aquifers. Spills of toxic materials can
reach groundwater systems by percolation or surface water recharge. Contamination
from a spill can cause major degradation of a groundwater source.

Not only does nonpoint source pollution affect the quality of groundwater
used for drinking, it also threatens aquatic organisms. Subterranean river basins and
aquifers provide a unique habitat for certain endangered and rare species. Three rare
animal species, Amblyopsis spelaea (Northern cavefish), Typhlichthys subterraneus
(Southern cavefish), and Palaemonias ganteri (Kentucky cave shrimp) are known to
inhabit subterranean waters in Kentucky. Survival of these species is directly related
to suitable groundwater quality in the Mammoth Cave region. The only known
population of Palaemonias ganteri is found in the Mammoth Cave region. It is listed as
a federally endangered species by the U.S. Fish and Wildlife Service, because it "is in
danger of extinction throughout all or a significant portion of its range."

Oil and gas drilling presently occurs in several groundwater basins that
supply Mammoth Cave. Brine from such activities commonly reaches aquifers
potentially creating physicochemical changes in groundwater quality. Finally,
agricultural activities resulting in sedimentation, excessive nutrients, and the
introduction of pesticides into the groundwater can potentially impact rare cave
species.

Appendix D identifies groundwater basins that are known to be impacted by
nonpoint source pollution. They were assessed using both evaluated and monitored data.
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Evaluated data was based on non-monitored water quality information provided by DOW
groundwater staff and the U.S. Geological Survey. More baseline data are needed to
effectively evaluate the extent of contamination present in Kentucky's groundwater.




SURFACE WATER MONITORING PROGRAM

An effective water monitoring program is essential for making sound
pollution control decisions and for tracking water quality improvements. Specifically,
Kentucky's ambient monitoring program provides monitoring data to identify priority
waterbodies upon which to concentrate agency activities, to revise state water quality
standards, to aid in the development of wasteload allocations, and to determine water
quality trends in Kentucky surface waters. As outlined in the Kentucky Ambient

Surface Water Monitoring Strategy, the major objectives associated with the Ambient
Monitoring Program are:

1. To operate a fixed-station monitoring network meeting
chemical, physical, and biological data requirements of the
state program and EPA's Basic Water Monitoring Program
(BWMP).

2. To conduct intensive surveys on priority waterbodies in support
of stream use designations, wasteload allocation model
calibration/verification, and other agency needs.

3. To store data in EPA's STORET system, a computerized water
quality data base.

4, To ecoordinate ambient monitoring activities with other
agencies (EPA, Ohio River Valley Water Sanitation Commission,
U.S. Geological Survey, U.S. Army Corps of Engineers, ete.).

Following is a discussion on components of the monitoring program (fixed-station
monitoring, biological monitoring, intensive surveys). Elements of the toxicity testing
program relating to surface waters, and a citizen education program called WATER
WATCH, which includes a monitoring element, are also discussed.

Fixed-Station Monitoring Network

Fixed-station stream water quality monitoring sites active during 1988-
1989 are listed in Table 37. Locations of these sites are depicted in Figure 2.
Excluding the mainstem of the Ohio River, data generated by this monitoring network
were used to characterize approximately 1,500 stream miles within the state.

For the reporting period (1988-1989), the Division of Water's
physicochemical network consisted of 45 stream stations located in ten river basins.
Water samples collected monthly at each station were analyzed for the parameters
shown in Table 38. In addition, the Division supports and uses data collected by the
Ohio River Valley Water Sanitation Commission (ORSANCO) at five major tributary
stations. The Division also uses data from stations maintained as part of the U.S.
Geological Survey's current monitoring programs.



Table 37

Fixed- Station Stream Monitoring Network

Map No. Station Name RMI* Location
1 Tug Fork-Kermit 35.1 KY 40
2 Levisa Fork-Paintsville 69.4 Us 23
3 Levisa Fork-Pikeville 117.3 KY 1426
4 Little Sandy River-Argillite 13.2 KY1
5 Tygarts Creek-Load 28.1 KY 17
6 Licking River-Sherburne 126.7 KY 11
7 North Fork Licking River-Lewisburg 50.4 KY 419
8 South Fork Licking River-Cynthiana 49.1 KY 36/356
9 Licking River - Salyersville 266.9 KY 30
10 Eagle Creek-Glencoe 21.5 US 127
11 Kentucky River-Frankfort 66.4 St. Clair St. Bridge
12 South Elkhorn Creek-Midway 25.3 US 62/421
13 Dix River-Danville 34.6 KY 52
14 Kentucky River-Camp Nelson 135.1 Old US 27
15 Red River-Clay City 21.6 KY 15
16 Red River-Hazel Green 68.5 KY 746
17 Kentucky River-Heidelberg 249.0 KY 399
18 North Fork Kentucky River-Jackson 304.5 Old KY 30
19 Middle Fork Kentucky River-Tallega 8.3 KY 708
20 South Fork Kentucky River-Booneville 12.1 KY 28
21 Salt River-Shepherdsville 22.9 KY 61
22 Pond Creek-Louisville 15.4 Manslick Rd. Bridge
23 Rolling Fork-New Haven 38.8 US 31E
24 Beech Fork-Maud 48.1 KY 55
25 Green River-Munfordsville 225.9 Upstream US 31W
26 Nolin River-White Mills 80.9 White Mill Bridge
27 Bacon Creek-Priceville 7.3 C. Avery Rd. Bridge
28 Barren River-Bowling Green 37.5 College St. Bridge
29 Green River-Cromwell 130.6 Ohio Co. Water Dist. Intake
30 Mud River-Lewisburg 44.5 KY 106
31 Pond River-Apex 62.8 KY 189
32 Pond River-Sacramento 12.4 KY 85
33 Rough River-Dundee 62.5 Davidson Rd. Bridge
34 Tradewater River-Olney 72.6 KY 1220
35 Cumberland River-Pineville 654.4 Pine St. Bridge
36 Cumberland River-Cumberland Falls 562.3 KY 90
37 Rockeastle River-Billows 24.4 Old KY 80
38 Horse Lick Creek-Lamero 7.5 Daugherty Road
39 Buck Creek-Eubank 45.0 KY 70
40 Big South Fork Cumberland
River-Yamacraw 40.3 KY 92
41 Cumberland River-Burkesville 427.0 Allen St. Boat Dock
42 Little River-Cadiz 24.4 KY 272
43 Clarks River-Almo 53.5 Almo-Shiloh Rd. Bridge
44 Mayfield Creek-Magee Springs 10.8 KY 121
45 Bayou de Chien-Clinton 15.1 Us 51

*RMI = Location in River Mile Index file
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Table 38

Stream Fixed-Station Parameter Coverage
( ) STORET Parameter Code

Parameters Parameters
Field Data Laboratory Data

Weather code (47501)

Air temp, °C (00020)

Water temp, °C (00010)

Specific conductance uS/em @ 25C (00094)
D.O., mg/1 (00299)

pH, S.U. (00400)

Acidity, mg/1 (00435)
Alkalinity, mg/1 (00410)

BOD, 5-day, mg/1(00310)
Chloride, mg/1 (00940)
Sulfate, dissolved mg/1 (00946)
Suspended solids, mg/1 (00530)

Turbidity, N.T.U. (82078)
Flow, cfs (00060)

Minerals, Total*

Caleium, mg/1 (00916)
Magnesium, mg/1 (00927)
Potassium, mg/1 (00937)
Sodium, mg/1 (00929)
Hardness, mg/1 (00900)

Bacteria

Fecal coliform, colonies per 100 m! (31616)
Nutrients

NH3-N, mg/1 (00610)

NO4 + NO3-N, mg/1 (00630)

TKN, mg/1 (00625)
Total phosphorus, mg/1 (00665)

TOC, mg/1 (00680)

Metals, Total*

Aluminum, ug/1 (01105)
Arsenic, ug/1(01002)
Barium, ug/1(01007)
Cadmium, ug/1 (01027)
Chromium, ug/1 (01034)
Copper, ug/1(01042)
Iron, ug/1 (01045)

Lead, ug/1 (01051)
Manganese, ug/1 (01055)
Mercury, ug/1 (071900)
Zine, ug/1 (01092)

*Total as Total Recoverable
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Lake monitoring was continued in 1988-1989 to address needs of two
objectives. First, several lakes were sampled to evaluate problems of accelerated
eutrophication. Second, three lakes were sampled to evaluate trends relating to
potential acid precipitation impacts. Lakes in the ambient monitoring program are
listed in Table 39, and the parameters measured are in Table 40. Embayments of Dale
Hollow Lake were additionally monitored to determine if water quality was affected
by tributary streams, which had elevated levels of chlorides and sulfates attributed to
oil and gas production activities.

Table 39

Lake Ambient Monitoi'ing Network

Lake Station Location

Eutrophication Trend Lakes

Reformatory
McNeely
Fish (1988 only)

Barkley (1988 only)
Cumberland

Grayson

Dewey
Fishtrap

Nolin River (1988 only)

Dale Hollow (1988 only)

Tyner
Cannon Creek
Bert Combs

Dam

Dam

Upper Lake Area

Lower Lake Area

Little River Embayment
Big Lily Creek Embayment
Beaver Creek Embayment
Dam*

Upper Lake Area

Dam*

Dam*

Upper Lake Area*

Dam

Long Falls Creek Area
Sportsman Paradise Area
KY 88 Bridge Area

Bacon Creek Area

Sulphur Creek Area
Williams Creek Area
Fanny's Branch Area
Illwill Creek Area

Little Sulphur Creek Area
Spring Creek Area

Acid Precipitation Trend Lakes

Dam
Dam
Dam

*Spring sampling to supplement Corps of Engineers sampling



Table 40

Lake Ambient Monitoring Parameters

Parameters

EuTl

ACP

Dissolved oxygen
Temperature

pH

Specific conductance
Depth of euphotic zone
Acidity

Acid neutralizing capacity (Alkalinity)
T.2 aluminum
Extractable aluminum
D.3 Caleium

D. chloride

T. fluoride

D. fluoride

D. inorganic carbon
D. organic carbon

D. iron

D. magnesium

D. potassium

D. silica

D. sodium

D. sulfate

T. phosphorus

T. soluble phosphorus
Orthophosphate
Ammonia-N

Nitrite & nitrate-N
T. Kjeldahl-N
Chlorophyll a

Color

P MMM

P4 >4 D4 D4 4 M4 4

PADADA DA A DA A DA DA DA DA DDA D4 DAY

1 EUT - lake eutrophication evaluation

ACP - lake acid precipitation evaluation

2 Total

3 Dissolved
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Biological Monitoring

Kentucky's biological monitoring program currently consists of a network
of 40 stations in 12 river basins. Data collected from these stations are used to
ensure that existing water quality is maintained, provide background values against
which future water quality conditions can be compared, and recognize emerging
problems in the areas of toxic residue, bacteriological contamination and nuisance
biological growth. Program emphasis is directed at evaluating warmwater aquatic
habitat (WAH) use support, determining presence and concentration of toxic residues
in fish tissue and sediments, and evaluating municipal and industrial effluents for toxie
conditions. The information from these monitoring efforts supports EPA's Basic Water
Monitoring Program, provides information to state programs, and is used in developing
the 305(b) report. For this report, biological data from 40 sites sampled from 1986-
1989 were used to assess 1124.6 miles of streams for WAH use. Biological monitoring
station locations and parameter coverage are outlined in Table 41.

Intensive Surveys

Kentucky uses the intensive survey to evaluate site-specific water quality
problems. Information developed from intensive surveys are essential in providing
information to:

o] Document the attainment/impairment of designated water uses,

o] Verify and justify construction grants decisions,

o Address issues raised in petitions for water quality standards variances, or
use redesignations,

o] Document water quality improvements and progress resulting from water
pollution control efforts.

o Establish base-line biological data required for permit requirements and
establishment of standards.

In 1988-1989, nine intensive surveys were conducted on 763.1 miles of
streams. The locations, purposes, and conclusions of these surveys are summarized in
Table 42. During the 1990-1991 fiscal year, at least six intensive surveys are planned.
Table 43 lists the locations and the objectives of each survey.
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Table 43

Proposed Intensive Surveys of the
Kentucky Division of Water for FY 90

Hydrologic
Unit Number/
Stream

Objective

Type of Study

05100205
South Elkhorn Creek
(Kentucky River Basin)

05100205
Eagle Creek
(Kentucky River Basin)

05090104
Little Sandy River
(Little Sandy Basin) -

05100201 -
North Fork Kentucky River
(Kentucky River Basin)

05100102
Stoner Creek
(Licking River Basin)

05140101
Harrods Creek
(Ohio River Basin)

To assess water

quality trends since

upgrade of Lexington Main
WWTP. Followup of 1981 DOW
survey.

To acquire baseline water
quality and biological data
prior to future industrial and
urban development.

To acquire baseline water

quality and biological data

prior to possible future

industrial and urban development.

To follow up previous study

of nonsupport of recreational
uses (1988 305(Db)) and possible
issuance of advisories.

Verify WLA model assumptions
below Paris WWTP.

Verify WLA model assumptions
in lower Harrods Creek, which
receives numerous discharges
from municipal and package
plant WWTP's.

Full Intensive
Survey

Full Intensive
Survey

Full Intensive
Survey

Bacteriological
Survey

WLA Model

Calibration/
Verification
study.

WLA Model
Calibration/
Verification
study.
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Toxicity Testing

The Commonwealth of Kentucky has enacted several regulations for the
protection of aquatic life in receiving waters. These regulations, for the most part, are
based on setting effluent limitations for individual chemicals. However, toxicity data
are available for only a limited number of compounds. The use of single parameter
protection criteria, therefore, does not provide adequate or correct protection of
aquatie life in certain situations where: the toxicity of the components in the effluent
or surface waters is not known; there are synergistic (greater than predicted), additive,
or antagonistic (less than predicted) effects between toxic substances in the tested
media; or a complete chemical characterization of the water has not been carried out.
Since it is not economically feasible to determine the toxicity of each of the thousands
of potentially toxie substances in surface waters or point-source effluents, the most
direct and cost-effective approach is whole-effluent or surface water analysis of
toxicity in a standard bioassay.

_ Assessment of the extent, presence, and control of toxic conditions in
the waters of the Commonwealth has relied on chemical specific and whole-effluent
monitoring for municipal and industrial discharges under the Kentucky Pollution
Discharge Elimination System (KPDES) permit process, compliance biomonitoring on
those point-source dischargers, and toxieity testing of sediments and surface waters
associated with intensive surveys. Under the KPDES permitting program, most major
industrial and munieipal facilities, and a number of minor facilities discharging priority
pollutants, will be required to econduct toxicity testing (acute or chronie) on their final
effluent(s).

During 1988-89, acute and chronic toxieity tests were conducted by the
Division of Water on 54 point source discharges and on instream locations above and
below those sources. Stream miles acutely impacted by point and nonpoint source
pollutants totalled 174.2 miles. Impacts assessed by river basin are listed in Table 44.
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Table 44
Stream Miles Impacted By Toxic Discharges
Based on the Results of Toxicity Tests

Stream(s) Miles Probable
Basin Affected Impacted Cause(s)

Green River Valley Creek Chlorine
Black Lick Creek Cu, Hg, Zn
Three Lick Fork BOD, Ammonia, Cu
Flat Creek Chlorine,
Taylor Fork BOD, Zn
Total

Kentucky Lane's Run 0.6 Ag
Kentucky River 3.3 Nonpoint
Town Creek 6.6 Chlorine, Zn, Nonpoint
Total 20.5

Licking River Slate Creek 6.4 Nonpoint
Total 6.4

Cumberland River Whitley Branch 1.0 Chlorine
Big Lily Creek 2.9 Chlorine, BOD, Chloride,

Cu

Eddy Creek 1.9 Chlorine, Cu, Ni
Total 5.8

Tennessee River Bee Creek 0.7 Chlorine, BOD, Zn
Total 0.7

Salt River Spring Diteh 0.1 BOD
Hammond Creek 5.6 Cu, Zn
Rowan/Town Creeks 2.6 Nonpoint, Chlorine
Mill Creek 13.3 Nonpoint
Road Run Creek 3.5 Nonpoint
Hardins Creek 6.6 Chlorine
Clear Creek 8.9 Chlorine
Salt River 14.2 Nonpoint
Salt River 20.4 Nonpoint
Salt River 11.8 Chlorine
Chenoweth Run 2.5 Chlorine
Total 89.5
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Table 44 (Continued)

Stream(s) Miles Probable
Basin Affected Impacted Cause(s)
Mississippi River Harris Fork Creek 2.1 Chlorine, Cd, Zn
Mayfield Creek 1.2 Nonpoint, BOD, Ammonis, Zn
Total 3.3
Ohio River Thrasher Creek 2.6 BOD, Volatile Organics
Gunpowder Creek 0.3 Chlorine, Mn
Crooked Creek 17.5 BOD
West Diteh 1.0 BOD, Cyanide, TSS,
TDS, Al, Cu, Fe, Ni, Zn
Ohio River 0.1 Nonpoint, BOD, Al, Fe, Zn
Ohio River 0.1 Al, Fe, Zn
Ohio River 0.5 Nonpoint, Al, Fe, Zn
Hite Creek 2.0 BOD
Total 24.1

State Total 174.2
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Citizens Water Watch Program

The Kentucky WATER WATCH program is administered by the Natural
Resources and Environmental Protection Cabinet's Division of Water. Launched in
1985, WATER WATCH promotes individual responsibility for a common resource,
educates Kentuckians about the wise use and protection of local water resources,
provides a recreational opportunity through group activities, and gives citizens more
access to their government. Objectives include: promoting individual responsibility for
a common resource by fostering a public role in drawing attention to specific problem
situations; enhancing citizen understanding and support through a strong program of
public education; and communicating the value of environmental quality in attracting
industry and tourism to the state. The Division of Water promotes the program by
encouraging citizens to form groups which "adopt" waterbodies of local interest.

After a group is formed, members identify the stream, lake or wetland
they want to adopt and submit an "adoption" form for approval to the Division of Water.
After the adoption is approved, the WATER WATCH group then promotes community
awareness and protection of their adopted water resource through stream monitoring,
school based programs, and stream rehabilitation projects.

Each group receives training from the Division's program coordinator
and educational resources. The latter include a WATER WATCH Program Manual and
two field guides (A _Field Guide to Kentucky's Lakes and Wetlands and A Field Guide to
Kentueky's Rivers and Streams).

Since its beginning, over 270 groups have been established with more
than 800 members statewide, and over 20,000 people have received an overview
presentation telling them about the program. Two hundred and fifty streams, 25 lakes,
30 wetlands and nine karst or underground systems have been adopted. Over 100 basic
training workshops have been held in conjunction with the program statewide.
Advanced training workshops for volunteers are also offered from time to time.

Volunteer Stream Sampling Project

The WATER WATCH Program initiated a Volunteer Stream Sampling
Project in 1987. The objectives were: (1) to assist local groups in developing
information concerning the quality of water resources close to them, (2) to gather
information about stream segments not covered by the existing Kentucky Ambient
Water Quality Monitoring Network, and (3) to educate the public about the condition
and importance of Kentucky's water resources.

To date, the project has recruited over 54 volunteer teams consisting of
over 300 volunteers to conduct regular water quality tests on streams in their
communities. Although the information obtained cannot be used in enforcement action,
citizen monitoring can and has provided useful "flagging" of water quality problems.
Remedial action has occurred as a result of these efforts.

The teams are equipped with commercial water testing kits for
measuring dissolved oxygen, pH, temperature, nitrate-nitrogen, ortho-phosphate,
sulfate, iron and chloride. Volunteers are trained in testing and reporting procedures,
quality control, and how to interpret results. Training also involves discussing ways the
information can be shared through various organizations and media outlets.
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Recruited groups have agreed to perform monthly tests on at least two
designated sites in their community for one year. The volunteers submit the results to
the Division, usually within one week after the tests are performed. The results are
tabulated, summarized, and reported back to the groups.

The project is producing site data from 89 stations on streams in seven of
Kentucky's 12 major river basins. The program is administered on a continuing basis
by the WATER WATCH Program Coordinator at the Division of Water as a part of the
overall WATER WATCH Program. New sites are being added continuously. Loecal
groups, civic organizations, schools, and businesses contribute to the project.
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CHAPTER 5

RECOMMENDATIONS




LIST OF RECOMMENDATIONS

The actions listed below are recommended in order to achieve further progress in

meeting the goals and objectives of the Clean Water Act.

(o)

Emphasize the importance of biocriteria development for use support
evaluations, by incorporating the aquatic ecoregion/reference stream site
approaches, in state programs funded by Section 106 of the Clean Water Act.

Increase the number of state waters studied for fish tissue contamination by
toxic pollutants.

Place emphasis on the following activities in the Construction Grants Program.

(1) Pursue more efficient methods for administering the revolving fund
program's procedures, reviews and requirements, with the intent of
eliminating those found to be unnecessary.

(2) Continue to implement an effective community outreach program by
working with communities in the field through the planning, design and
construction stage of projects.

(3) Continue to pursue full state delegation of all construction - related
activities, focusing on cost-saving measures such as adherence to
construction schedules and change order management.

Develop a national concept for groundwater protection that will be implemented
through a regulatory approach, which includes minimum groundwater quality
standards and mandatory requirements for state programs. The U.S. EPA should
integrate this overall groundwater protection strategy into regulations
promulgated under the authority of the Clean Water Act, the Toxic Substances
Control Act, the Comprehensive Environmental Response, Compensation and
Liability Act, the Safe Drinking Water Act, and the Federal Insecticide,
Fungicide and Rodenticide Act. The U.S. EPA should take the lead in developing
a comprehensive framework for coordinating federal programs.

Pursue a comprehensive state aquifer mapping and groundwater classification
program. A program of this nature would fill in the existing gaps in the available
data and provide a better means for groundwater protection. Currently,
resource limitations prevent the state from implementing such a program.

Adopt a minimum set of state groundwater data elements to be collected from
regulated entities. This data set must include latitude and longitude coordinates.
The data could then be used to produce maps using a Geographic Information
System.

Continue federal funding of the Clean Lakes Program. Kentucky has benefitted
from the federal Clean Lakes Program through its funding of lake assessment
projects and a Phrase I project on McNeely Lake.

Continue federal funding of Section 319 of the 1987 Clean Water Act
Amendments to support state nonpoint source control programs.
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Trend Analysis and Data Summary Tables

BI6 SANDY RIVER BASIN

TUE FORK AT

EVIEA FORK AT

LEVISA FORK AT

3I5 SANDY RIVER!

| L | |
P&RAMETER ! KERAIT | PIREVILLE | PAINTSVILLE i AT LOUTSA
| 1982-1988 | 1982-1988 | 1982-1988 | {982-19894
] | ! |
MEASUREMENTSI . - 701 72! 82
STREAM KINIMUM | 102 | 132 | 2ol | 400
LORICFS) MAXTMUM ! 82209 1 9750 1 18540 | 67400
MEAN | 1300 | [140 | 1800 1 5293
TREND ! 01 01 4 i ND
! ! | !
§ OF SAMPLES! 71 &9 1 7¢ 1 83
DISROLVED MINIMUM | 4.9 1 .91 4,4 | 3.0
DYYGEN MRXTMUN | 15.9 1 15.5 | 14,3 1 14.8
{ac/L} MEAR B.8 1 B.9 1 8.8 1 .9
TREND ! 01 ¢! 0! ND
| ! i |
% OF SAMPLES | 47 1 48 4 48 i A%
BOD HININUM | 0.11 G 0.1 £.2
ieg/Lll MAXIMUM | 2.5 1 2.8 1 1.9 1! B.9 i
MEAN i 6.7 1 6.7 1 0.7 14 1.7
TREND | 01 01 91 ND |
! ! l ! !
§ OF JAMPLES! 79 | 79 1 7% i g2 i
TCTAL NINIMUM l 66 | 67 | 75t 48
HARDNESS MAXTHUN | 283 i 26 | 238 | c3t
lag/L AS MEAN ! 136 i 168 | 164 1 149
CACD3: TREND ! 01 Inc. | 0 i Inc.
| | | !
- § OF SAMPLES! 76 1 771 78 1 83 |
SPECIFIC MINIMUM | {42 | 18C 1 99 | 130
CONBUCTANCE MAXTHUN | 1136 1 490 | 686 | BlG
(uS/CM) MEAN { LI 419 4 403 ! 23
TREND ! 01 Inc. | 6! ND
| ! i !
# OF SAMPLES! 73 1 72 | 75 1 32
aH MINIMUM | 3.9 1 6.1 | .11 8.7
(UNITS; MAXTMUN ! B.3 ! 8.4 ! 7.9 1 9.1
MEAN ! 7.3 7.0 7.0 7.3
TREND ! 01 91 8 XD
! | { !
§ OF SAMPLES! 77 1 78 1 78 i -
RLEALINITY MIRIMUM ! {6 1 B I 26 | -
{mg/L &S HAYTMUM ] el9 | 123 ! 106 1 -
CACOR! MEAN ] 114 | b6 | LY -
TREND | 01 Inc. | 01 -
| | | |
# CF SAMPLES! 781 791 791 42
CHLORIDE MININUM | 2! 4 | 4 {
INB/L) HaXTHUM i 90 | 40 1 44 | 37
MEAN | 20t 14 1 16 1 20
TREND | 014 Inc. | Inc. | ND
! | ! !
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BIG SANLY RIVER BASIN (cent.!

! i TUS FORK AT | LEVISA FCRK AT | LEVISA FOR¥ AT | BIG SANDY RIVER!
| PARAMETE { FERRIT | PFIKEVILLE ! PAINTSVILLE ! AT LOUISH
! | 1982-1988 | 1982-1988 | 1982-1988 |  1982-198%%
! | { | |
! § DF SAMPLES! 78 ! 791 78 1 8!
| SULFATE MINIMUM ] Y 131 80 1 g4
| (MG/L} HAXINUE | 34! 24b ! 245 1 208
! MEAN ! 130 1 126 1 120 | 11E
! TREND { Inc. | Inc. | Inc. | 0
: | | ! |
! § OF SAMPLES! 7| 791 791 80
! SUSPENDE MININUN ] 1! 21 2t 1
I 32LID5 MAYIMUM i 94g | 705 | 792 | 742
i (MB/L) MEAN ! bt 1 30 1 b6 | b
i TREHD ! 41 01 0! Dec.
i t ! | |
| & OF SAMPLES! 771 78 i 7% 83
! TOTAL MININUN | 0.01 1 0.0t 1 G.01 1 .02
I PHOSPHORCLS MAXTHUY ] 0.28 ¢ .64 1 0.3 | 0.75
{ mg/L} MEAN ! 0.06 1 0.05 1 0.06 ! ¢.08
: TRENTD i Dec. | Dec. ! Dec. Dec
i | | ! {
i § OF SAMPLES! 75 | 78 1 75 i §
| TOTAL MINIMUN | 3 2! 1 2
P ZINS MAXIMUM | 79 1 204 | Bl t - 140
bolug/L) MEAN | 23 | 24 1 23 | 2!
i TREND { 01 0 U Dec.
! ! ] i t
i # OF SAMPLESH 78 i 78 1 78 | 84
i TOTAL MINTNUM ! il 11 il 3
LEAD HAXTHUN | 41 1 62 1 96 ! 146
tolug/ll MEAN ! o 31 71 16
! TREND ! Dec. | 01 0t Dec.
{ | | i i
! § OF SAMPLES! 77 79 ! 79 ¢ 81
I KITRITE + MINIMUY | ¢.06 1 G.03 1 0,06 1 5.04
i NITRATE- MAKINUN ! 0.84 1 e ! 1.03 i -
! NITROGEN MEAN ] 0.41 1 0.33 ¢ 9.44 1 .89
i oimg/b as N} TRENE | 0t 01 01 0
! ! | ! |
¥ - CRBANCD Station

0 - No Trend

Inc. - Increasing
Dec. - Dacreasing
ND - Not Ceteramined
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LITTLE SANDY RIVER AMD TYBARTS CREEK

LITTLE SAMDY

TYGARTS CREEK

| !
PARAMETER i AT ARBILLITE | T LOAD
! 1983-1988 | 1985-1936
! |
MEASUREMENTS! 26 | 26
STREAM MININUM | i 3
FLOW(CFS) MAXIMUM | 2361 | 240
MEAN ] 492 ! 263
TREND ! 6| 0
| {
§ OF SAMPLEC! ! 38
DISSOLVED MINIMUN | 4.4 ! 3.3
CXYBEN MARYIMUM ! 18.7 ! 13.2
(ag/L) MEAN ] 9.9 1 8.7
TREND ] Inc. ! ¢
] |
# OF SAMPLES ! g g
BOD MININUM { 0.2 1 0.6
{rg/L) MAYIMUM ! 1.8} 1.6
MEAN ! 0.8 | 1.1
TREND ! 0! i)
! I
¥ OF SAMPLES! 38 ! 3t
TQTAL NINIMUM { 43 | 73
HARDNESS MAX IMUM ] 195 1 156
{mg/L AS MEAN ! 87 1 juls
CACD3: TREND | 61 0
] }
8 OF SAMPLES! 381 3
SPECIFIC MINIMUN | 121 ! 142
CONDUCTANCE MAX IMUM | 30t 296
{us/CM) MEAN ] 230 ! 225
TREND | Inc. ! 0
H H
$ O SAMPLES! 3 | KH
pH MINIMUM t 4.2 6.3
(UNITS! MAYINUM ! 7.5 1 7.7
MEAN ! £.9 1 7.1
TREND | Inc. | Inc.
! |
§ OF SAMPLES! k1| 38
ALKALINITY MINIMUM | 16 1 44
{rg/L AS MAXIHUN | 198 | 139
CAC03) MEAN ! 371 84
TREND | 01 0
! |
§ OF SAMPLESI 381 38
CHLORIDE MINIMUM | 1 2
{MB/L} HAYINMUM | g2 | 2l
MEAN ! 22 1 g
TREND ! 01 Inc.
i
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LITTLE SANDY RIVER AND TYGARTS CREEK (cont.)

i
!
|
!
i
|
!
|
!
|
i
|
|
!
!
!
|

0

Inc, - Increasing
Dec. - Decreasing

LITTLE SANDY

TYGARTS CREEK
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| t
PARAMETER | AT ARBILLITE | AT L0&D
| 1983-1988 | 1983-1988
| |
§ OF SAMPLESI 38 i 38
SULFATE NININUN | 27 | 9
{(Me/L) MAXIRUY | et &1
MEAN { 50 1 2
TREND { 0! 0
! !
§ OF SANPLES! 36 37
SUSPENDEL MININUM ! 31 1
50L1DS HAXINMUM | 399 ! 372
{MB/L} MEAN { 9 ee
TREND | Dec. | Dec.
i ]
& OF SANPLES! 38 ! 8
TOTAL MININUK | 0.01 | 0.01
PHOSPHOROUS MAXIMUM { 0.18 1} 0,13
{ag/L} HEAN ! 0.03 | 0.02
TREND ! Dec. | Dec.
| !

' § OF SAMPLES! 3.1 38
TOTAL nININUM | 61 2
ZINC MAXTMUM | ni &9
(ug/L} MEAN | 231 18

TREND | Inc. | 6
| !
§ OF SAMPLES! K1 38
TOTAL MINIRUN | 1t 1
LEAD MAXINUM { L 3
{ug/L) MEAN | g1 3
TREND ] 0 Inc.
t |
§ OF SAMPLES! 8 i K
NITRITE + MINIHUN | 0.12 | 0.02
NITRATE- HAXIMUM t 0.37 1 1.35
NITROGEN MEAN ! 0,36 1 0.44
{ag/L as N} TREND | 61 G
] |
- No Trend
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KENTUCKY RIVER BASIN (cont.)
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KENTUCKY RIVER BASIN (cont.)

. S S ua Pl o < SRR ot B e B N ) o O 3 . [V Y= I Ty B Pl = I L I T B 0g e 0 0 - — wa (3 O
i S e BTN N [ LI s e . (YA ST I < N o1 < oud 0 01 - = e 1d 03 0 Lo < ks (<> ~a w
[T RTN e} ool S L [ I ] [=- N 1F e e @ U3 oy ~ Oy e B2 ) — =
W 3 oo < =] - (=] — (=] -
e €3 o —
[
Ly ot
(XN R o ¥}
4 w
(2=} o-
<L po vt
w <
1
= [P R B = Uy - e [N T N R 1< o O e ~0 WY T o0l 22 UY e D D €D F s -0 ¥ 0 W) o 3
Lt = (D I T BT -4 [Tel .- e Xz - o O 0 3 M =X [Tel . e = () Cl o~ 3 ul D e ZT
= - O m - O vl M o — PR I 17 | . O3 - -
— g o -+ o —
< £ O- w
L —
> 2
L)
L3 c3 o
foar B Y 17N
— -—
==
L) <xr
3
p ol ou) O e O w -0 o 0 - (Lt BN 1P I - I T R D0 v s O o o- o -0 o e O~ 3 D a) yy F - PR -T Ty BV~ I
3 > -t s 0D~ Ol = = = LY ™M -0~ o O - =+ DN S a3 . - ™Mol W ™ w -0
<r O3 — [S IR b B S = =T S 4V ] € af o~ ~— W ~a oo - — -, =+
&% =& - —— =3 (=]
o« 3 O
3 —
. ¥ |
Dl -
~ oz Co
Wl < o
i —
. =
o [
1
a4 [= < BV B = = ) [ T R g - o oea O O3 T g O s T 03 o e~ o > M 0 0 O <>~ U om o o oo <
[ TR s Uy v e O = = . U e = e al oo M o o - ol w . - a3 oy t~ 0~ (> -
> 2 o — e v <r o~ L T e [ B — U3 o 03 - —
— I O oy u) -—
< L o~ 4
g -
> 2 )
¢ <C O
Q) o W
= L o
— —
=T
u <
t
[= < B VI i ) (=T BRI 1V R o O~ ) ) w3 M o <& - o W ) [ IR I = o o o) 0 O -t e U D X
- 4 o U [ =~ - - - u? - - - o aof-m o0 M o u) e~ - - - o~ < 0 [==] £~ cu
— o om - 0w ] -0 W) oo < 0T e 0 - - Kr- K13 - o~ — Read
<€ O3 O -1 o€
- o oy
ul -
[~ |
(1)
- . o
>~ X O-
e <C
3
(7] w (77 (7] (R w3 wl
e wt wy (¥8) uJ [ ve) (¥9) l
P-4 - (R} - ) ) d —d i )
[¥Y) o = . o . [T oL
xZ E O X2 = X xS .
w = A <C 3> XTI = «<C Xo X <L 2= X <C Eo. X <C EZ X < = X
= T (=] = X = w1 3 3 ¥ > ©3 » XX (=] x OXZ (=] = X (=] = X (=]
G b o M e = ZE G = X (=] W ~d — == 3T L e G = W — T 2 L — - @2 T L e r 2 TR
< == > < W) Q3 =2 >< < W) L. v b~ TT ST O Iz > <€ Ll O = o> <« ) O == > <L LJ 0 2= > <X Ll o az »< < W
[SYRESRIES i VY Iy — <L ) O € Z > <€ LJd e <K L O i - VY — <C Ll o — <E L) — < L Cc
@ ¥ OXT XD O b e EZ XD XD b — <t el e = T ¥ X b 3 RT X X = ¥ ¥ X - *#*® N2 X X k- 3= X ¥o X
—
wt
x
I
o
<rC
[}
>
-~ £ i~
(<] w oY ) ) (oY)
L. T oI T e =z <L [~}
x LI . L) P [15] e . —
S el [ I ¥ N | e WA oEE M - - ~d (D [ o
[EN R 3 [ TR %o B ] — <C By = 1 - ] X, ~- €2 Lo
[T =] oy S kN 1 €1 om b CEL EED e ' wi el —d o
bl - e RS ] [ 4] €3 <C € <T X 3 ] -d & «C = .
[ [ S B 1] 13~ — A - D L3, = ] <C ~— I L3 ~

126




. ELKHORN CE IKENTUCKY RIVER |

IKENTUCKY RIVER 1

KY. R, AT

KENTUCKY RIVER BASIN (cont.)

i

] ]
0l o~ 2wy O bandii ¥ BiDor I w S G L« » I . BN O~ - U ud o g S0 T e TS S - L =t I e
o @ - o ot (&) o) -0 1l o o~ e o~ ~a od (=] e gy [== B BT ]
Ll o -— - - - ~f e wn - - -
3 -— e =1 S e ~
€3 O~
bt ]
(Y |
-4 L
wl co
o
- —
<f
1
N <o 3 ey R S Ty B = | =+ Wy 0~ e 04 O <> Oy e oo ol o e L |
L U ) —— iy 3= u -y = U2 < D e o han gl oo I o= 0 SW 4 -— [4r] =
— 0 -— [T} «- & . —
e o [ I RS
o o~
L, «—
a8
(S5 Y
3 oy
~- o
-
—
<
'
pr il I Ty B b 17 I A SR My o~ o . SO I WD e T2 e~ 0 3 O U e I e O
> 3 ws € I o ooy MO~ ~ g U e 3 [32) -— [32 B~ v BV
< -— o - - - Ot - - -
Tk 0 LR B < I
L3 o~ -~
by =4
x |
[
e
<C O~
Ll ~—
=
M 0O - e O handil L K <E I o Y w1 € vt O e > O v~ > O O e F e > YA o O .
b (== TWIN - Yol g -— (v 0O & v e T~ < o) ad -t O3 > o
[ v =] ~ - - - <t - - mw
== > . o> < Mo e
Ly, O~
== 1
<
e O~
-—
—
<C
) (U €3 ¢r3 < htadit o B ¢ B gt bl 1Y B I e ] €~ e O~ () handil o B 3.2 B - SRS U 0 O 3 .
==z a3 o F -0 o o QO A3 o~ [ = (== (1) o @ > g U
o -— <3 . e -— -— [} - - - W
o3y w o O (=) <0
-4 O~
L] -
az o
[13)
. O
x O~
L v
o
[30] w) w) w) o w)
L Ll ul ur L (YY)
o} - p— ) o ) wed )
a. [ (< cL. -9 (<™
[ S g <L E-= E= < x: D T == X < = X << X =
x OEFC (=) = E = ¥ AT (=) bl (=) T =D = F. XD 3
L. »a e e o L+ - e o [ R ) i, >t s g o L »w e T L o e o
LI =2 >< «f ) LD 22 >< of L L3 27 > <C Ll €3 2 > < L) ¥ Zx »>< <€ L O 3 e o<l
o N VY RNTS =4 <C L) = T ) e [l S YY RN — < ) Ll S VO 3
—nn a3 XD X X% - 3 X X ONT - S = X X b 4 N OED XS b = E N OET b— XD OBD ST
(43
—
(¥¥)
b =
<L o
el —
<X -
. ul —~ o 3
e ) o [l
i = (o] + o W
! Lot (] e I Zx wn .
' [YW] €2 ] c [YY RN VS BTV ] [ p I
[ = e oA 4 o ] ot o~ o | S ol X~ § o
[ <r .4 (¥ I~ S | ' - €L o } wad o | =4 [ondils T < R | Iy o
] [ L s - <L 01~ < 3 - <L £33 [ < -
1 wod  LEX [ p I I x| — CJ n = = oon [ <L ©n Lt e ~ ]
] =3 R o O E € o g cC2 »—= [ = R O I P b e ' []
1 uy e [ A I Tp RS ' LS « 1 [ RS S e LS “z AT S e
T e s e e e e LS D L e .;zlvl.rax..lvll.n...xlrll.al...l,.....llllll.:.n”.

127

ecreasing

Inc. - Increasing
ND - Not Deterained



SALT RIVER BASIN
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RHUING K. 1 BEECH FORK | ROLLING FORK i SALT R, AT 1 FOND CREEY. aT
PARAKETER | AT NEW HAVEN | AT MAUD | NR LEBANDN JCT#! SHEFHERDSVILLE | LOUISVILLE
iog5-1938 | 1984-1988 |  1982-1%88 | 1982-1988 ! 196E-1988

e l z l !
NEASURENENTSI - 4 | 27 1 7% | 79
STREAF MNIMOY -1 0 101 38 | 8
FLOW(CFS) WAYIMUE -1 b640 | 27400 | 7250 1 650
NEAN l - 397 | 2817 | 1656 1 7

TREND l - 0! ND | 0 Dec.

x : | 1 |
} OF SANPLESH 3 | 54 | 29 | 7% | 2
DISSOLVED NINIHUR 5.1 4.5 1 4.8 | 4.3 1 2.9
QX VBEN WAXINUM Lh.b | 15.9 1 12,9 1 14,9 1 14,2
(ag/L} KEAN x 2.1 | 9.1 1 7.8 | 9.9 | 8.5
TREND ! 0l Dec. | ND 61 i

l s 1 1 1
3 OF SAMPLES ! 71 2% | - 43 1 50
BOD MINIHUR l 0.4 | 01 -1 R 0.4
(ag/L} HAXTMUN | Lo | 2.5 | - 5.7 1 8.3
NEAN i 6.9 1 1.2 - 1.8 1 2.8
TREND [ 0 01 ND ! 0 Dac

z | 1 [ [
% OF SAMPLES! 38 | 55 | 91 7% | 23
TCTAL AININE 731 % | 130 1 19 | 107
RARDNESS raxINgY | 242 1 S04 | 210 1 530 | 440
(ag/L AS MEAN l 151 1 185 | 170 1 190 | 223
CACO3) TREND n 01 01 ND | Dec. | Inc

! a | l 2
¥ OF SAMPLES! 38 ! 56 1 29 | 7% | g2
SPECIFIC winme 141 1 162 | 185 | 250 | 210
CONDUCTANCE MAX TN i 397 | 563 | 540 | 530 | 1243
{uS/CN3 MEAN | 3k | 381 ! 31 1 91 | 422
TREND | 31 0 ND | 8 9

[ X | | a
¥ OF SAMPLES! 38 ! Sk | 29 | 75 1 8
ok NINIMUM 8.7 1 bt | 7.2 | bub ! 5.5
(UNITS) Waxoen 8.3 | Bk | 8.2 1 8.9 8.7
MEAN z 7.5 | 7.6 | 7.7 1 7.7 | 7.4
TREND ! 91 51 D 0t 9

| \ 1 ( 1
% OF SAMPLES! 9 1 56 | 16 | 75 1 82
ALKALINTTY RINTNUN 47 1 59 | 17 | 56 1 b
{ag/L RS MAXINUN ) 253 | 33 | 229 | 370 i 357
£ACO3) NEAN | 124 | 158 | 164 | 149 1 148
TREND l 01 6! ND Dec. ! 0

| 1 ! [ 1
§ CF SAMPLESI 9 | 56 1 29 | 7% | 83
CHLORIDE CH L B 11 £ 2 31 7
(HG/L) MAXIMUK L 16 | 9 1 33 1 45 1 19
MEAN l b1 71 91 1 4
TREND | 01 0 MD 0 9

l x | 1 :.
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GREEN RIVER BASIN (cont.)

J I BREEN RIVER |  NOLIN RIVER | BAZON CREEF AT | BARREN R. AT IGREEN RIVER &T !
! FARAMETZR t AT MUNFORDVILLE! AT KHITE MILLS | FRICEVILLE i BOWLING BREEN | HDR;&NTM
! ! 1982-19968 | 1982-19688 1 1583-1988 | 1982-1988 |  1982-1588 |
! i | | ! ! !
! 4 OF SAMPLES! 83 1 82 ¢ e 83 | 84 |
i SULFETE MINIMUM ! B § | 2! L 81
I (M50 MAY MUY 107 1 40 1 91 29 | 1209 1
! MEAN ! 151 11 31 16 1 85 1
! TREND | Inc, ! Inc. | 0! Inc. | 0l
! R } ! ] ! }
! & OF SAMPLES! 80 | 80 ! 68 i 82 | E3 ¢
i SUSPENDEL MINIMUM ] 21 i 11 1 31
| SOLIDS MAXTPUM | cac ! 291 | 294 i 907 | 424 |
PoiME/LY MEAN | 361 i 27 i 40 | 4 |
! TREND H Inc. i Inc, | Inc, | (] ¢
! ! R ! ] e !
¥ OF SAMFLES! 82 | ae i 61 B2 i §3 1
| TG07AL MIRINUM ! 0.01 | 0.0t 1 0.01 1 0.91 i 0.02 |
¢ FHOSPHOROUS MAXIMUM 1.33 | 0.32 t 0,32 1 .87 ¢ .36 !
{oimg/L} MEAN ! 0.08 | 0.16 1 G.04 | 0,03 4 4,07 ¢
! TREND ! 0 Inc. ¢ ¢ g1 g !
! ] ] | ! i ]
i § OF SAMPLES! 811 8¢ | 58 | 79! CH
b T0TAL MINIMUR ! 1 11 1 1! 1
i ZING KAX MU i 736 | 144 1 109 | 523 | 9¢

I lug/Ls MEAN t 29 ! 18 ¢ 17 i 28 | 24

! TREND | Inc, ! Inc. | Inc, | I ¢

] | ! ! ! _
] # OF SAMPLES! 82 | az ! 701 8t | 83

{ TOGTAL MINIMUM ] 11 11 1 1t 1
{ LEAD NAY MU i 87 1 134 1 39 290 | 26 i
bolug/l) MEAN ! a1 Bt & 16 1 < |
! TREND ! Dec, | D1 0t Ot T
{ ! i | { i
! % OF SAMPLESH 82 | 83 ! N g2 ! 84 |
I NITRITE + MINIMUM ! 0.18 1 0.8 1 0.04 1 0,16 ! 4,49 |
! HITRATE- MAYIMUNM ! 1.9t 4 14,7 1 2.13 | 2.63 ! 1,901
! NITROSEN MEAN ] .84 1 c.8 ! 114 | PN I
I lmg/l as ) TREND ! G 1 01 0t 0 b
I . | ! ! ! !

b - Ho Trend

Inc. - Increasing

Dac. - Decreasing
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G - Mo Trend
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TEADEWATER RIVER EASIN

! | TRADEWATER
! PARAMETER | AT OLNEY
{ t 1984-1988
! i
i NEASUREMENTSI kL
IETREAM FINIMUN { 0.1
IFLOW{CFS MAXTHUN | 2000
! FEAN ! 317
! TREND | Dec.
! i
f § OF SAMFLES 34
{DISSELVED HININUM ! 2.4
12XYGEN MAX MUY ! 13.4
tHmg/L) NEAH 1 7.1
{ TREND | 0
! i
! # OF SAMPLES | 23
{ROD MINIRUN ! 0.1
{{ag/L} HAXIMUN i 3.3
! MEAN i 1.2
! TRENG ! ]
i i
| ¢ OF SAHMPLES! 33
{TOTAL HININUM ! 48
{HARDNESS HAXIHUM ! 331
liag/L AS NEAN ! 170
1CAZI! TREND ! 0
! |
! § OF SAMPLESI 36
[SPECIFIC {INIMUM | 117
ICONDUCTARCE NAXINUM 1002
H{ub/CH) HEAN ! 375
! TREND ! ¢
! |
! § OF SAMPLES! 34
pH MINIHUM 5.1
L{ONITS) RAYINUN { 7.3
; MEAK | 6.7
{ TREND { Inc.
| R
! t OF SANPLESI 34
{ALKALINTTY NININUN | 9
{{ng/L AS NAXIMUM | 103
{CACO3) MEAN i &1
| TREKRD ! Inc.
!

{

{ | TRADEWATER
! PARAMETER I AT GLNEY
| I 1984-1988
! !
| & OF SAMPLESI 36
{CHLORIDE MINIMUM | 1
(MG/L) MAXIMUM ! 7
| HEAN ! b
| TREND ! Inc.
! i
! § OF SAMPLES! 33
{SULFATE MINIMUN { 29
{1 {M6/L} MAXTHUN ! 480
| MEAN | 122
| TREND { ¢
| !
| § OF SANPLESH 34
{SUSPENDED MINIMUN i 2
{50LIDS MAXTHUN ! 113
{(M6/L) MERN i lé
! TREND ! Dez.
! !
| # OF SAMPLES! 33
ITOTAL MININUHN | 0.01
{PHOSPHOROUS MAXTMUM ! 0.12
Hag/L} MEAN | ¢.03
! TREND ! G
! |
! ¢ OF SAMPLES! 33
{TOTAL MININUN i 3
12INC MAXIMUM ! 129
Hug/L) MEAN i e
| TREND | g
| I
! ¥ OF SAMFLESI 33
{TGTAL MININUE | 1
LEAD MAXTNUN ! 15
[ug/L} MEAN ! g
| TREND ! G
! i
{ § OF SAMPLESH h
INITRITE + MININUM | 6.01
INITRATE- MAXIMUR { 1.14
{NITROBEN MEAN { .31
Hag/L as N) TREND ! Dec
!

0 - NO TREND
Inc. - Increasing
Dec. - Decreasing
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TENNESSEE RIVER BASIN

l CLARKS k. | TENMESSEE R,
FARAMETER i AT ALNG I MR PADUCAH
| 1984-1988 | 19821989+
! ]
MEASUREMENTS! 46 1 -
ETREAH NINIMUM ! 3t -
LOW{CFS: MAXIMUN ] 3910 ! -
BZAN ! 120 4 -
TREND ! Dac. ! -
! !
$ OF SAMPLES! 9 | B4
DISSOLVED MINIPFUM | .91 4.3
OXYBEN MAXTMUM | 13.2 1 18.8
{ag/L} MEAN | 7.5 14 7.8
TREND ! 0! ND
| ]
$ OF SAMPLES | 24 ! 77
30D MINTMUM ] 9.1} 0.
{lag/L} MAXTMUM ! 6.7 1 4.8
MEAN ] g.l i 1.8
TREND | Lt ND
! !
¢ GF SAMPLES! a7t 83
T0TAL MINIMUNM | 20 1 3
HARDNESS HAY TMUM ! 8l i 119
(ag/L A3 HEAN ! 42 | %
CAZO TRENEG ! 0t ND
] ! :
# OF SAMPLES! 37 1 B4
SPECIFIC MINIMUM ! o4 13
CONDUCTANE MAXIMUM 250 | 240
{ug/CH} KEAN ! 168 ! 180
TRENG ] Inc, | ND
| i
§ OF SAMPLES! 2% 82
pH MINIMUN } 3.7 1 6.2
(UNITS) MAZINUM | 8.4 1 9.1
MEAN ! 4.7 1 7.5
TREND ! Inc. | NG
! !
% OF SANMPLES 9% | -
ALKALINITY MININMUM i 12 1 -
(ag/L AS . MAXIMUN i &l | -
CACD3) MEAN | 27 | -
TREND | Inc, | -
| !
% OF SAMPLES: 37 1 41
CHLORIDE MINIMUN | 3 3
(M6/L} RALIMUM ! 27 | 21
MEAN | 151 13
TRENED i Inc. | ND
i |
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TENNESSEE RIVER BASIN (cont.!

CLARKS R.

TENNESSEE K.

0 - No Trend

Inc, - Increasing
Dac., - Decreasing
ND - Not Detereined

136

i i {

] FARAMETER ! A7 ALMD { NR PADUCAH

| | 1984-1968 | 1982-198%+¢

! | |

! § OF SAMPLES! 36 | 84
| SULFRTE HININUN ] &1 2
tO(MG/L) MAXIMUM 1 38 ! 29
! MEAN | 141 13
! TREND | Dec. | ND
| ! |

! & OF SAMPLES! 5 84
! SUSPENDED MININUM | 3t 1
{ SOLIDS MAXIHUN { 377 | 20
| (MG/L} MEAN | 27t 13
| TREND ! 0! ND
| | i

! & OF SAMPLES! 36 1 &9
| TOTAL MINIMUM ! 0.12 | 0.93
{ PHOSFHOROUS MAXIMUM | 1.96 1 2.41
1 lag/L} MEAN ! ¢.73 1 0.33
] TREND l Inc. | ND
! | !

! # OF SAMPLES: 3%t 84
i TOTAL MININUM | 1t 4
P2 MAXIMUN | B | 144
{ fug/t) MEAN { 21t 18
! TREND | 01 ND
| | ~

! § OF SAMPLES! 34 | 84
| TOTAL MININMUM | 1 2
i LEAD MAXIMUM | 280 | 183
P otug/L) MEAN ! 101 14
! TREND { 91 ND
| | |

t § OF SAMPLES! 34 1 84
| MITRITE + MININUH ] 0.13 1 0.0
| NITRATE- MAYINUNM ! 4,81 | 1.4
! H]TROGEN MEAN ! 2.23 | 0.29
i {ag/L as N} TREXD ! 0 ND
| ! |

-+ - QRSANCOD Station
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LOWER CUMBERLAND RIVER BASIN

CUMBERLAND R.

| !
! PARAMETER | NR GRAND R
! ! 1982-1989+
! !
l MEASUREMENTS! -
|STREAN KINDOM -
IFLOK(CFS) KAXINON -
z NEAN -
z TREND ! -
: !
| § OF SAMPLES! 78
{D1350LVED NININOK 5.1
1QYYSEN HAXINUM 14,4
liag/L) MEAY t 9.4
' TREND | ND
! !
a % OF SAMPLES | 43
{200 MININUN | 0.3
Hag/L) MAY NI ! 3.7
; MEAN | 15
! TREND z ND
! 1
! % 0F SANPLES! 7%
{TOTAL MIRIMN ) 15
THARDNESS MAXINUN 163
[{ag/L AS HEAN i 99
ICACO3) TREND | ND
| !
! & OF SAMPLES! 78
ISEECIFIC MINIMUN | 10
[LONDUCTANCE HAX THUN 300
{uS/CH) MEAN ! 212
! TREND : ND
! !
[ ¥ OF SANPLES: 7
foH NININUN 6.8
[LUNITS) naxmur o 8.4
= MEAN ! 7.7
a TREND ! ND
! |
; % OF SAMPLES! -
TALKALINITY NINIMUM -
liag/L AS MAXINUM -
ICACO3) HEAN ! -
! TREND x -
|

!

l { CUMBERLAND F.
! PARAMETER | NR GRAND R.
1 | 1982-1989s
| !
r ¥ OF SAMPLES! 22
ICHLORIDE MININOE b
HHB/L) MAXIMUY 18
l MEAN ! ¥
! TREND 1 Th
z ! .
! % OF SAMPLES! 75
{SULFATE MINIMUM 8
HMB/L) HAXIMUM 108
[ MEAN | 23
1 TREND ! M
! z
[ ¥ OF SAMPLES! 78
SUSPENDED MINIMUM 2
IS0L1DS NAXINUY 55
1{M8/L) MEAN : 14
| TREND 1 ND
n 1
x % OF SAMPLES 38
ITBTAL MININUN 5,63
[PHOSPHOROUS MAXIMUN 2.40
Hag/L) MEAN l 0.28
n TREND z ND
! !
l % OF SAMPLES! 7%
1T0TAL MINIMNUM 5
12INC MAXIMUN 17
tug/L) MEAK [ 27
! TREND ND
I |
l ¥ OF SANPLES! 77
[TOTAL HINIMUN 2
ILEAD NAXINUM 430
Hug/L) MEAK | 14
1 TREND | N
! ]
| % OF SAMPLES! 4
INITRITE + MININUN 0.0
INITRATE- WaXINUN 0.88
INITROGEN MEAN | 0.20
Hag/L as N) TREND [ ND
!

¥ - ORSANCO Station

0 - Ne Trend

Inc, - Increasing
Dec. - Decreasing

ND - Not Daterained
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MISSISSIPPI RIVER BASINM

{BAYOU GE CHIEN

|

! PARAMETER | NR CLINTON

! | 19B4-1988

| |

! KEASUREMENTSI 42
1G7REAM NINIMUM ! 14
IFLOW{CFS!) MAYIMUM ! 1989
! KEAN | 92
! TREND | 0
! !

i ¢ OF SAMPLESI 33
iD1550LVED KININUK ! 4.4
10YYSEN HAXINUM i 13.2
{{ag/L} HEAN | 8.2
! TREND | inc.
! |

i ¢ OF SAMPLES ! 24
{EOD MINIMUM | ¢.!
Hag/li MAX THUN ! &.7
i HEAN ! 1.3
! TREND | 0
! :

t & OF SANPLES! 37
1T07AL MINIMUN | 20
{HARDNESS MAXTMUR | L]
{ag/L AS MEAN ! 3
1CACOT) TREND 1 Dec.
] !

i # OF SAMPLESI 57
{SPECIFIC MININUN | 30
I CONZUCTANCE HAXTHUM i
[{uS/CH} MEAN | g2
i TREND ! Dec.
! l

! 4 OF SAMPLES! 36
1oH MININUM ! 5.7
H{UNITS? HAX TMUN ! 8.9
! MEAN | 6.9
i TREND | Inc.
] ]

! % OF SAMPLES! 39
LALKALINITY NINIAUM ! 13
Hag/L AS MAXIMUM t 43
ICACD3: MEAN | 3
! TREND ! 0
| ]

{BAYOU DE CHIEN !

!
| PARAMETER {  NR CLINTON
{ i 1934-1988
! !
! & OF SAMPLESI 37
{CHLORIDE MININUM | 1
HMB/L) MAY IMUM | 10
| MEAN | G
! TREND ! ¢
' !
l ¥ OF SAMPLES! iL
ISULFATE NININUM ! 4
[{NG/L) MAXIHUM ! 1400
! MEAN | 7
| TREND | 0
{ i
! # OF SAMPLES! 53
{SUSPENDED HINIMUM ! {
150L1DS MAXIMUN | 1330
HMG/L) MEAN ! e
| TREND ! Dec
! |
! & OF SAMPLES! b
1TQTAL HINIMUM i 0.03
{PHOSPHOROUS MAY TMUM ! 1.1
{{ag/L) HEANR | 0.12
! TREND | G
{ !
| & OF SAMPLES! 54
ITOTAL NINTMUM | i
{ZINC HAXINUN ! 81
Hug/L} HEAN ! 18
! TREND ! J]
! |
! % OF SAMPLES! 36 i
ITOTAL MINIMUN ! 1
ILEAD MAXIMUM i 29
| (ug/L} HEAN ! 3
l TREND ! Inc.
i !
| § OF SAMPLESH 34
INITRITE + MINTMUN | 0.03
INITRATE- HAXINUN | 1.91
INITROGEN HEAR ! 0.43
{{mg/L as N} TREND ! Dec.
|

!

¢ - No Trend

Inc. - Increasing
Dec. - Decreasing
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APPENDIX B

FISH KILL INVESTIGATIONS
SUMMARY 1988-89



Appendix B
Fish Kill Investigations Summary (1988)

Miles Number
County Waterbody Date Affected Cause of Fish
Bourbon Houston Creek 7-15-88 0.50 Eutrophication 3,000
(natural)
Bourbon Stoner Creek 7-15-88 9.50 Eutrophication 10,000
(natural)
Bourbon Stoner Creek 10-18-88 0.50 Chlorine (WWTP) 200
Campbell Twelve Mile Creek 10-19-88 0.10 Low dissolved 100
oxygen
Daviess Ohio River 8-22-88 0.34 Vinylidene 19,491
chloride
Fayette West Hickman Ck. 6-14-88 2.27 Organic enrichment 36,268
- municipal WWTP
Franklin Kentucky River 8-19-88 0.37 Unknown 2,538
Grayson Beaverdam Creek 3-14-88 1.44 Organic enrichment 607
- animal wastes
Hardin Otter Creek 10-17-88 8.27 Hydrochloriec acid 27,663
Harlan Greasy Creek 6-21-88 1.50 "Coal mine sub- 6,159
sidence
Jefferson Beargrass Creek 5-16-88 2.00 Unknown 1,000
Jefferson Beargrass Creek 7-14-88 0.50 Recycled oil 500
discharge
Jefferson Ohio River 7-06-88 2.00 Thermal discharge 500
Livingston Ohio River 8-25-88 70.00 Unknown 66,380
Monroe Curtis Branch and 9-19-88 3.20 Tacking oil 400
Mill Creek discharge
Muhlenberg Green River 2-21-88 - Thermal discharge 135,171
Oldham Unnamed tributary 8-22-88 0.57 Organic enrichment 8,835
to Floyd's Fork - municipal WWTP
Pulaski Sinking Creek 8-14-88 1.50 Organic enrichment 400
- municipal WWTP
Scott N. Fk. Elkhorn Ck., 7-15-88 1.00 Eutrophication -
(natural)

Total: 19 16 waterbodies 15 dates 105.56 mi. 10 known causes 319,212
141




Fish Kill Investigations Summary (1989)

Miles Number
County Waterbody Date Affected Cause of Fish
Adair Barnett's Creek 4-21-89 0.50 pH 500
Boyd East Fork - 8-08-89 0.60 Chlorine 479
Little Sandy River
Boyle Herrington Lake 4-28-89 5.00 Unknown 2,000
Boyle Herrington Lake 9-17-89 4.00 Eutrophication 2,000
(natural)
Breckinridge Hardin's Fork 10-05-89 0.25. Organic enrichment 1,165
(municipal WWTP)
Cumberland Otter Creek and 10-25-89 3.00 Crude oil NC*
Bear Creek discharge
Fayette North Fork 6-01-89 2.00 Unknown NC
Elkhorn Creek
Fayette West Hickman 4-23-89 2.00 Chlorine 17,200
Creek
Fayette East Hickman 8-03-89 - Organic enrichment NC
Creek
Fayette Reservoirs No. 5-12-89 - Unknown NC
2 &3
Henderson Highland Creek 5-15-89 15.00 Unknown 150
Jefferson Goose Creek 3-16-89 0.98 Chlorine 392
Jefferson McNeely Lake 3-27-89 0.00 Unknown NC
Jefferson Beargrass Creek 7-13-89 0.50 Organic enrichment NC
(municipal WWTP)
Jefferson Pond Creek 7-13-89 0.50 Low dissolved NC
oxygen
Lawrence Dry Fork 6-07-89 3.50 Organic enrichment 1,600
(animal waste)
Madison Otter Creek 10-31-89 11.75 Ammonia 18,000
Marshall Cypress Creek 7-20-89 1.00 Low dissolved 427
oxygen

142



Fish Kill Investigations Summary (1989) (Continued)

Miles Number
County Waterbody Date Affected Cause of Fish
Nelson Pottinger Creek 4-22-89 3.60 Organic enrichment 8,280

(animal waste)

Pulaski Big Spring Branch  7-06-89 0.50 Chlorine 100
Shelby Clear Creek 5-11-89 - Paint remover NC
Taylor Little Pittman Ck. 9-01-89 2.10 Miscible oil 8,037
Todd Little Clifty Ck. 9-04-89 - Sawmill runoff NC
Total: 23 23 waterbodies 22 dates 47.78 mi 11 known causes 222,2330

fish kills

*NC = Not counted
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APPENDIX C

LAKE INFORMATION AND EXPLANATORY CODES




-
e

1341853 10 aqE By Bayy ebleyastp ayg saatedad jeyy ipaguzges ayy jo awey ay

.

PAJEI0] ST ARCQIZIEN BY) YI14M UT UTSEQ J3ATL 12 EL 3y} jo abEu ayy
PEYEIOT ST 24B1 12 WED 2y) aiayw Aiundd ayj 4o aueu ayy

—

JEIRM J2 voisTALg 2y) Ag pavbisse ssqunu uorjezijruspr wealye e

Spussas pue ‘saynuty ‘saasbap Ag wep ayy yo uoryedsy

aibuespent

S1aAa] [euo 31B] JC 2215

atydehod

NOHLINDA3G

$8p0) Auocjeue|dx3 pue uoiLIeRUUOSU] e
J XiLpuaddy

415Y4445

NISYE 43614

AiNROZ

YIINNN WIIBAS AQ0343LY:
JACLIgH0NIENL 1LY
FIOHVAQURT 535N

3993424 Wwi0L

e 37

LE{H-ER]

lyy



uurNrTm
7 43300

434 951070

114 4380 GRYT 1.;=u muuan
] cz«;mumLJu 43440

LE|
13343 Sk
m\-ru I34ki

RELHEERHIBEEL NI EEEH
39377 AN9T42ARAT ¥3440
SNIADL™
H3MY AHE ALIRING

401 1R a1HD
347 HOKNYD QHETEITHRD 434

T OASHYD 4M #3343

A3 400 »L .mw KYYIH AZIDIN3A

43340 AgKL14" 7 5504 331 #3349
H3n315 4334 155155

43397 {34 43077048 LAININGY

23614 AIRLR3AT A EHLER

13345 I3NMKES 1441551551+

¥3ald Qi zummm

3341 5070H4Y

43345 H333
mmm NIENGEL :
ERSSRIEL m
:nggm 5534l

45345 34 JJ_lc

[
D Mmom

~Ct

=~

-~

M M M o

mAJwbmggmmmzqu

-

cr

>

c do o o OO o

u

~L

]

347 ERO4HST
EEL A EYE
IAYT A943K3
7 5TMC 53T
3467 HGY 300
467 AN

FAUT MO W
A7 %334 GANRND
3487 H1KI46D
YI0AN3SIY ALID HITHUD
EECARHEL W
2457 HAY 3D
EELRRFEHER LN
EXERI EJNERELN

397 43347 NONRYD
YIGAY35TY AL1D IMEAAINGS
J467 HOLAWED
410AY3534 ALLT 3TT14571344H%D
(Hod IN9Rg
34¥7 K34 43070

447 NYOHAENd
EEL R
3497 599144
347 21708

31 54420 1438
w a; mu>amm
EBkid:

145



Y35HAS

I 16T H0-

HIGE £-LE
SHI 4404 1 g-dt
NYTi5T4H] i5hd 5-7E
N334G CAH L8 81-%0-iE
JRYTH3THAD H344N CA4 O4-02-48 02-E2-LE
AAIRIRI UL AN EAx 95-91-58 L0-.2-BE
0IKG REUEEINREN] Cid S2-50-88 &b-L1-(E
QY4360 83440 - ADLNTTIVIT3550Y iS4 Eb-BE-%8 (%-45-9E
mx_;uM4 SeI0HIIN SA4 0E-20-%3 B%-02-58
THETY30T H3M0T RETL5T5H] €A1 D0-2E-LB 2E-55-9C
EEFGIE L PR X PR RN AR R el i L8-G%-LE E2-B(-LE
THE438407 43N NOATLHODLISaNTA §5-45-48 2i-4%-9¢
3343 4hid e - 5631A60 GE-B5-98 2%-05-LE
A35HD GIMINTY INLA3IN NO131aNI4 9E bE L8-3%-3E
YN 3355331 NOLSORIAI N TIYHSSEK 2h-26-58 25-42-5€
A334D GNOT ONYIN3ERLD Y3NET 414l 1 L%-10-85 22-43-9¢€
43414 X142 IVEX] UELERTHREENEE (Y COTEAA %1-2%-48 Gh-¥4-LE
AZ34T SNOT ONVINIERAD 43400 ag1dl mqu_:- 1544 EG-20-88 #%-£5-92
13347 18103 17¥s LERE (%1CA4  1E-B0-5B 82-31-3E

H33L0 HGTAGLYIYaY 1 20-32-58 1

AORYS 20111 345 59 al-42

SR AXFHGELHDH (%] 0

UL LIGINTVA3INE] €5
:umn( SRIA4CH i3

EEELN mm_z S 0L L0
404 L8143

NlaysH
049774

Q) e~ oy U
o ooz O

[~5]

1533 INiAN0S [§¥k

AYd 43343 470k

£

15¢3

47733
10053504
BV
RE)EL TR
HOTYYA

151743
AT3:
NI448 ROSRYG
mnm>~m ik
HEW-
HLAGHTEY
S4301Y anY
INODW

ELHERHT

INDW
INALETIHS
AITEA 3HC

]
— ) 0 -~ 3

e
um

a7y

~t

—
=
u

D =0 Op e

b

—
L O~
W

m o
—

I <
— e}

<I
S |

STydan
INOW
INIARDT
fid1430
394934
NG 1435482
LN
JHIATE 3
H¥3dE3g 3
A3 3
J49T YIHSTHORIA
39T JIVIRIA
19T AAINLHT;
A9 Y3ANOH
A9 NOLSHIYYIH
34%7 ILILHHGH
407 43347 L5109
©1 ¥3A1Y NI34E
EEA amég,.u
¢4 m:_m HEE

i e Ty B T R

CJ:' T

ZEH
=

146



IENERERS R ]

HIATY ARIDINTA 4N

L]
tao

[wE

L
et

[FY]

Ll

EETR. 1]
AT3HE
HERRE A3 E1-EC
HESY3GNTH CA% LE-EE-L
GNINI SiA 1%-9E-EH
SA1 Th-2%-G9
a2-9

2-98
HIHIT0 -53-56
CETEEED L4-(8
SH1:HOH _uz, 05-4E-L8
LIIHLY348 SAY 1E-22-28
SHKGE 82-26-28
NOSHEHA 55-01-98
NGLHN 1-15-(8
7 n-€8
h-58
8
IAWIUM 58
NDS434430 58
KDL 5-4
5-51-2
KLY Gh-1-L
GYIENT THIK 5a-11-L8
§9-62-58
0%-L0-48
22-1E-18
92-h3-t8

L)

[}
£}
u

[}
-0
B

zm mmnﬁmxm _cnuam

mmmznmmmmn'}mrr:

m o MM

L]

1T ATIVA

ERba!
3497 ROTTOH ALKY
Fie1 318335

i 46T 23345 200008

& FAE7 U3TES
: G015 3497 Y31y HSNOY
i
CE thING 3497 ALIS 30K3

A4 EECNRENFS ECHEL
34 3497 03N
AEiT 1497 ITUASIAIES
4518 J497 93014 KITOR
&y 497 114400
1% {ALNROT 17360} 3407 43380 T1IA
561 (ALNNOD 304HOH) 3487 43383 11K
9% 3457 5170434230
¢ 48T ALNRDD 3403138
15 F487 ATIINIM
bE J49T AZNEY
3 HE EEGRIEL IER:THIR 4
dm ERiN >P :gu z ﬁqu
£

L2
37
gel

JOALEHN
9303513

147



b
K

¥

tel
o e}
= o
= i )
Fa > 03 Ld
= [ Y R
— £ o o
~! ]
[ -
ta =) 5oL e
= z La O
o o R “w =
e S R - e e =<
=]
o=
“T
wd
e
Lui
G- &
- Ex
o pooie ]
[2r} -
(=R}
& e [t
o o o]
[¥8) o bow
Ci o 2
e 30 o

=z
oo

T
f

HEEHING

o

01ot-

N

“:l

P

T
i

'e BERNSTADT

67

URLTHGTEN LAKE
STRHFORD CITY RESERVOIR

o

148



"
"
"
"
u
1l
v
1"
1 .
u
"
ti
u
N
i
"
"
i
it
1
"
u
i
i e
" b=
1 I=
i LI
I L
I o
1 e
" ]
1 =
il
it £
1t £
H =~
i
1 =
1 o
"t
H wr
i )
1] —
i 3
it
i b= 2N
It A
b Lol -
u - =~
t [,
1" o [: 1]
1t - )
1l m =
" o W
n "
1] w =
it x= e o
" -+ .
n -1 ™ —
] - v =] o
i o - o3
h >0} L e
1 =3 [ Ty Q bt
[ e [ = p— )
[} — moor m o
1 - wou = ul
3] g n
1t o™ [N .
v = Rl Q.
" ) —
1 W) c— e a
t [ tn
1] o LTI T] [ > ey )
1 - 3. Q. m = £
1 - wooan 1. (=2 [ o
1 — 1 wn =3 = Ll
18 o wow wn = = lrew —_— a2
n e ] AT e e = - 3 o [}
1] L= re— e G e o oy o m
" o wn - e -5 it F- -
1) L = P = ot [ — -3
n n -~ = w c— w nt = w a
o - T = W [=4 = L= - procy -—
1 " —_— = w a6 N in =] ) m o
1 = (= n L & - w = 4
1t (1} = -— =11 —
i 7] . L. n > i wn = 1) W N
" £ in oo w — [0 u o=l = AT AT e
1] prey —_ m s — o 1 - e
it e A e — e
h < fad [ © - P - = = =
i o +a — o ez " " e e ea
0 <= c— o 4 5 o
i e — U D L e — W In
1 A Ll [ T -4 1 a — e — 1)
il - = Lz U WY T WU [ e [ L LG - B
it et wr en fEow [ — uy P T
1] = € = e O - I W o S
1§ - W — v AT — L Ui = prec) = s = e
" Qs [—_—— o —_— o ey R = o
1 T [ -— o L L i T c - o H H 1} H
L 23 e - [ = <t -
1 = e S moo L e 1) "o = 1 -~ £~ CQ
1" c— [V T =SS VI v B P £ 3 far)
H = Y - = W e e v
1 o o = = T o bl . i a
H o oo p— . — o
m = =] [} s Y- L) et (=
n W = oo . @ T PR [
1t - N = wo O - [=]
13} = A m o - = wroo ] — —
(4 w [ =4 L : -_— o . oW (] s = ol
1] [ ar m BN G e W =] -t
1" w1 =3 Nt om F= P e L] i oW
H un wn Lo b bad Y S BT m W ™ n
e [} 14 (LI T] Mo - E=] = = =
n o 7] T Lead 7 = > U7 ot 0] s 1
H) wn 1 = I - T = -~ [ [
" -] tal ulotn Rhad on T g Z0 mn = s
" o - s -~ wu c— - -
1 - = = o [ = - £ e o
1} [ =4 — @ w = T - I =T — ] - o =1 g )
i ol (=1 [ wn [ = tn
1 ' w oan o - 13 m T W e r =1 s R
il 1] LI Ut — wm W oW o L=} e [ TRENTL - g
1" [ 2. a: (=9 th W 0 W N Ot e "m g e
" o in an i o O w®w T oo w [zl (%) e ]
1 - ) W - R R R =T R ) - = - 2ot —
1t wn T m m — > =S =
1 L= e [+ 1) P i et et [ [} e e 1n i
1) [ =) — e~ e mwo= == = m I~ - wr
" -~ W o™ =] W oA @ oW - W o T
1 [:T) a w [.} = T & R [W) RSP Y d bd e e
T = 1] L a2 w W wmnoan o = A < R R S |
= e o m L Mo W N £ = 1T bl e e
Lot 1} S =~ 3 - a@ow o wom = b~ = () T e
Lo L] L [ el on oo non o R (=8 [= = YL B )
= w (=] = m e oo N0 [ w = o L k= T
amon w (= - m ™ w T o oad o= <+ (== == W =
S - wl L) . = e
L. o — il 1] n n H n " =1} 3C al 1] n i i
wl o U < = £ P =~ £
(=2 N (] = Vi | [~} EE R 1" BTSSR Vo § -~ [S=—1 ) -_— Ol gy S
n
n [y}
£ =
w o —
[T .- «<r. [T
<t [t — at
[OwiT] AN wl w =
=T wl — o -
it T ar T = (%] [}
1 [T =2 ) — o
H [Zx] o e w3
n Lt oo — ot
1 Ga [=] - = s
b o 2 (=] (=)
i -z [ — —

149



FARY

niabar of acy

e pa

OL@ oF ®CrEe USes are pf

i

oF ®G67e uses a

anz

19 supported

kel

it

d

o0

creati

b ora:

tac

con

condary

4) ELR = 5@

gpert the yse

‘.
n

se and

Caus

1]
I =
ey
=
-

w

I = 2etil

nutriants

o o
c =

tznks

ce

Hi

]

b

ad nonosint

i

if

b



n .
N A uf.
s N £ W b A
. . i . 3447 5t .ﬁzd
; .G.J,.m: ol retef EPons
s 4504 i 1A S 3T N 30
432 413 N JIHA0EI0S1D ﬁ.m Ty - ¥1 43834
a1'2 0 . 0 JINMICEID EYP W 2 wf?ji ERLl
e, 421 61 N 114404103 B ow 3491 memu SiNEY)
i ..b v i e J1R408103 Sy 3581 N 397 HINTMDD
i ) 2 yid'EM .38 - S IHIEHLN3 Gy oy as ¥I0AN3S3Y ALID HIG¥0D
. 435 434 K i bied PEiET 3 3o ks
B 435 ¥ e 014 01 ﬂ““m. X JIH4041053K H'e 0 &8sl .m:« 7IN3H]
S i 9 e OURETUE IR 397 03 30
vz T f_"&.; AR £42 u SYCEETT R A B 7 HED4 448
WS o e P A B Y] 4313440
o s n\m D €W g 3 7530
o E.“_u ..J.m £7 - N 714404105170 S ) 288l ¥10A4352Y ALLD u.“,_~>.,.m~.‘m4u
17543 i 1 : N T B W T HOLdY
ug 1:..; . 1 Aduatia E'1 W 486l Y1DAHIS : , L7
e s s m_u,._ 833" b X JRAONIFT EYT A 6341 410843534 ALID INIASTIFEMYD
mum*mﬁ“zz 521 oty kdedlnd  E'F W eBS] o
" . 438" 504" o - G0YE T A TIH4DHLES Vo U sl RN
o 44 E: o : N ShE £ W 88 3357 N4OHATAA
;"_uj ._LL. .,_ “_ 2h " N T1H409103 m; 4 351 ¢ #I0d
:u,g:_ﬁ 9 e N JIHAONLNT EFT W 4B #4539,
mum_ﬁ”.a.:_&m 851 g1 ._ JIK4OYI083K BT W Bl A
mié._as. N MH4OELET B W &Rl 1 58K0D 1433
s N OINAGNIOSIH 9'2 W LEGI I Y3093
SHO°426 K0k ! JHADALAE MR N LBsl o 1 S
. .wm.wu_u_.z ¥ JIH4041053k B3 A Mmmw HaY 43340 uu»awm
e eemeemer emmenes m::h: HEA JIH4CYLAT £ z 4841 3397 43414 43
9005 T3LH04405 031804403 UEIETUE I A S 301 073 ..._o.f
13GMH 14 35 : -r 131463408 { - 88b] 857 ALY
3 a8 35h I9vd 350 A4 350 =¥= === uuuuunun...nnnnnnuununnuuunnnumnuul,n
192 2184 _ u..ﬁ_.-

151




435434 ;qi
s40°425 424"
xum

Sal* 423" 504" Hyn
¥15° 424 Hen
435" 434 He

SHG YIS 504 He
435 434° Hun
435°434°
540425 424 Hu
560475 504 HEH
434 Hul

435°53:

540° 435 424 Hy
AR kg ¥35 404
32 HYH 500435424
425434 Hutt

52 540 kA 535434
R NERNENT
: 435924 hen
m:m_xun,mu

(48]

[An)

hn -
it 345

:q

c~
v
——

g N JIR404143
o H JIH4051R3
i JIH434143

i JIH-0Y1053

14408103
H JIH404LINS
N 14464109170
] umzmwmh:m
B T1H3041053
N uwxmuahawuz
{ JIH4CHLN3
N JIH405103
N JIH408103
fplefatt i JiH404103
} MH4081053
N 216404103
04 N TIH40¥1053M
LiE N J1H4081N3
5128 TSR & JIHDYiR3
181 N JIHS041053H
g% H 216404103
215 PRIE JIHs410911
03 : i STR404103
2 N JIH404103
093 i S1H4E8:083Y
8k N uwzmumh:u
£513 A I 30
£ 3
i

. e ey et oy )

C o s om M ) oY e o
D R 1]

o

Pag ]
—

ey - 1] e—

v

[y BT G o s B I B
— = e [ = —— CU

(3]

~store
(49

4

>

3G
IR
GH3TY3E 3407
84039 3L
WY 43397 M3V
HYY 43397 ATIT

ORETNIFANT 387
LIIHYYI T4
R TN
4934539 347
LR BEr L

397 43IH5149NT
T QIYININ
FAT AIRINT:
4T 43EN0H
40T NOLIOHTHYH
EELAREFR L P[]
TWT 4334 15109
A4 Y3IAI4 K39
U1 [IIZNY
ERREE D EEEEERE]
BRIy mom>¢zm

]

i"15 wWJ_: TN mm
EEN rqa

k1
v :u ~u
AT HEI4

152



A il 3¢ 2115 FA AR v'2 U 6Ba1 3497 SN HEROY
K2 :UL i £'l 841 ExL| EEEQE
SHa° 90574347 R N E'1 K EB&T (h3d) T AL1D JaNECIAGHd
4357404 iy ] 241 WogBsl 3447 ITHANNGS
4250834 Hk 34 K JIH4A0HLOS M £ W 2E4I IA97 ISR
354434 Hen tE11 ISR J1H40410534 VAT LT TAYT INIASINIG
¥35° 5047 et 2645 PR JIK404LM3 y'3 afal FA¥1 H341Y 10N
m,:u_f% &4 J1H404103 E'1 2881 T4 114308
4 K JIH40416534 EYD W 2551 (ALNROD T13n04) 3w 33T TN
501 } 31H4041N3 E7 W £B&1  (ALNMAGD 304NON) Ay 43340 UM
%€ N NI EEIRE] o TR 1A 3467 51704381
iy 22 N JIH=042053W £ H ER4T FAYT ALHR0D 3479ILIM
2 Hi 15 15 h JIH404103 &1 W kEST EEURINWEETUIE
48 58 H JIH4041M3 E'T W 1841 T4 AZREH
i'g +EE bEE ] 314404108170 v'3 W 284l JA57 404 5. RILYYH
‘2 Iz N J1H404103 £°7 B LBLY T4 ALNNOD HOTHEM
ST RE AU E . 5 5 i JIE404L05TN £ K 1861 Iy I
5..,.5,, ;_.1_,., L2 L2 | J1440815634 £ W 4841 3497 1494 BNY SN0
Y15 434°H 9% 95 ] 14408103 A ST T arad 2401
5k ,_-:F I; GEl GEl N JIHA0Y A BT TH AdYM HIET
51 4I5°424° T_,_”_. & & N J1H40410530 £1 W 48al YT ALY
540" 13 15 N JiH4041053H £ W18} J4¥1 SYRasIAaT
%35 JIE4EYIM B2 W hubl 449 ¥IATY T34NET-SHILEHGEIH
GHE*) 1_}_: H: 2140410534 £ W blbl MYV NIALY T3IENET-IAYICIN
322 SHI* 408 5 K J1HAB4L2810 2R R 3997 HIALY 30N
gtz . 433 2t K JIHA0L053 A Y mmi ERLRIEEEENIRECHLE
455 E ini g1 HANGHSEA 337
35 M 3 E'1 M EEREERERLY
15 i i3 EYOH S14Y0H

153




=]
(AN T}

ShQ

mim*mum_mumwz¢w
T R R P A

¥34
mxm.gu7.mU1.qu

435°434°H

425434 :;3
ENERNENTE
436424 4y
425 454" Hom
SHA‘¥I5° 934
425424 Ko
4 m*1~
4257434 Hey
435434459
435404

JIH4041053
JIH408:03
J1d404103
JIH:0Y103

JIH404100]
JIHdEILR3
JIH4G81N3
HRAENIN3

JIHAGYL553K

GIHACYL091TD
SIRA0YIR3
L HIE]

JIHA04i 353K
JiH4DYLRT
JIR4NELR3
JIR4051R3

‘:mmmhzm

-

3 7 oy
-—

o

=+ D mom e
W e s

[yri

TN et e et et e e g

3A4¥7 43340 400

3447 3! 1k
3437 NMBLSUET T

EELN N EELUN

EELNIN-EIY]

EEVRREERET)

Bl mqg~3mmm4}qh

Y10443538 }hau mwcmamhm

Y7 NDLINI R4S
YIALS A6 3397

FAT AW A3ACHS

FiET 487345

I8 HE0H A LNHS

3T JIN3D5

I 43343 4010wy

(69 G4d

154



APPENDIX D

NONPOINT SOURCE IMPACTED WATERBODIES
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Nonpoint Source Category Codes

10

20

30

40

50

Agriculture 60

11 Non-irrigated crop production

12 Irrigated crop production

13 Specialty crop production (e.g.,
truck farming and orchards)

14 Pasture land

15 Range land

16 Feedlot - all types

17 Aquaculture

18 Animal management areas

19 Manure lagoons 70
Silviculture

21 Harvesting-reforestation

22 Forest managment

23 Road construction

Construction 80

31 Highway - road - bridge
32 Land development

Runoff/Storm Sewers

(Includes runoff from residential,
commercial, industrial, and park-
land areas not covered under other
source categories)

Resource Extraction

51 Surface mining 90
52 Subsurface mining

53 Placer mining

54 Dredge mining

55 Petroleum activities

56 Mill tailings
57 Mine tailings

Land Disposal

61 Sludge

62 Wastewater

63 Landfills

64 Industrial land treatment

65 Onsite wastewater
systems
(septic tanks, etc.)

66 Hazardous waste

Hydrologic - Habitat Modification

71 Channelization

72 Dredging

73 Dam construction

74 Flow regulation

75 Bridge construction

76 Vegetation removal

77 Streambank modification -
destabilization

78 Draining - filling of
wetlands

Other

81 Atmospheric deposition

82 Waste storage - storage
tank leaks

83 Highway runoff

84 Spills

&5 In-place contaminants

86 Natural

87 Recreational activities

88 Upstream impoundments

39 Salt storage sites

Unknown

186



Parameter Abbreviations

Parameters

Abbreviations
or Notation

Agriculture
Total Suspended Solids

Sediment

Pesticides

Lindane
Dichloro-diphenyl-trichloroethane
Nutrients (ammonia, phosphorus)
Bacteria

Dissolved oxygen

Nitrates

Mining

Acidity

Manganese

Sulfates

Aluminum

Metals

Iron

pH

Alkalinity

Specific Conductance

Petroleum

Chlorides
Total organic carbon

Urban

Oil-grease

Arsenic

Solid waste
Polychlorinated-biphenyls
Total dissolved solids
Bromide

Sodium

Calcium

Volatile organic compounds
Organics

Fluorides

Cyanide

Fuel (Gasoline, Diesel)
Inorganics

SUSPENDED
TSS

SED, SEDIMENT
PEST

LINDANE

DDT

NUTR

BACT

DO

NITRATES

SOLIDS,

ACID

Mn

SO«

Al

MET

IRON, Fe

pH
ALKALINITY
SP COND

Cl
TOC

OIL-GREASE
As

SOLID WASTE
PCB

TDS

Br

Na

Ca

vVOC
ORGANICS
FLUORIDES
CY ANIDE
FUEL
INORGANICS
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