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FOREWORD

One of the great challenges faced by water-resources scientists is providing
reliable water-quality information to guide the management and protection of the
Nation’s water resources. That challenge is being addressed by Federal, State,
interstate, and local water-resources agencies and by academic institutions. Many
of these organizations are collecting water-quality data for a host of purposes,
including compliance with permits and water-supply standards; development of
remediation plans for specific contamination problems; operational decisions on
industrial, wastewater, or water-supply facilities; and research to advance our
understanding of water-quality processes. In fact, during the past two decades, tens
of billions of dollars have been spent on water-quality data-collection programs.
Unfortunately, the utility of these data for present and future regional and national
assessments is limited by such factors as the areal extent of the sampling network,
the frequency of sample collection, the varied collection and analytical procedures,
and the types of water-quality characteristics determined.

To address this deficiency, the Congress appropriated funds for the U.S.
Geological Survey, beginning in 1986, to test and refine concepts for a National
Water-Quality Assessment (NAWQA) Program that, if fully implemented, would:

1. Provide a nationally consistent description of water-quality conditions for a
large part of the Nation’s water resources;

2. Define long-term trends (or lack of trends) in water quality; and

3. Identify, describe, and explain, as possible, the major factors that affect
observed water-quality conditions and trends.

As presently envisioned, a full-scale NAWQA Program would be accomplished
through investigations of a large set of major river basins and aquifer systems that
are distributed throughout the Nation and that account for a large percentage of the
Nation’s population and freshwater use. Each investigation would be conducted by
a small team that is familiar with the river basin or aquifer system. Thus, the
investigations would take full advantage of the region-specific knowledge of persons
in the areas under study.

Four surface-water projects and three ground-water projects are being
conducted as part of the pilot program to test and refine the assessment methods
and to help determine the need for and the feasibility of a full-scale program. An
initial activity of each pilot project is to compile, screen, and interpret available data
to provide an initial description of water-quality conditions and trends in the study
area. The results of this analysis of available data are presented in individual reports
for each project.

The pilot studies depend heavily on cooperation and information from many

Federal, State, interstate, and local agencies. The assistance and suggestions of all
are gratefully acknowledged. /

Philip Cohen
Chief Hydrologist

iii






CONTENTS

FOreword - - - = - - - e mmm e e i eeeeeeecemeemeecm—mmaeeana-
EXECutive SUMmMAry - ---=---=-=ccccececacaamacaonacaecamamaoaemcacaamamaaonon-
Introduction - - - = - - =2 e o e e ieaecececciceceammaeamaas
Purpose and SCOPE == == == == === = o e e e eeeaacaiaaaa-
Acknowledgments - - - - - - - e i e emeiieiemacmeemanaae
Description of the Kentucky River basin == = = < == =« e o o e e e e e a e
Physiography and topography - --==-- - -ceccmmmma e
Inner Bluegrass region = ---==--=ccccamemamco oo eeceaeiacaaaaaooo

Outer Bluegrass region - =---=-----ceecaeamamaae oo aae o ecaccaacacaaaeao

Knobs region - = == =« == o e e e e eeeiieeeeeeaeeaaaaaas

Eastern Coal Field region = ----=--cccmcmmmmeam e ececeaaa e

Land use and population == - === === == e e mme e aaaas
FOTEStS = occememae e aaaaaeaaaaccaeccacacacecacaaacccacaaaaannanaaaaannnn
AQICUIUTE === = c v e e ieieiceieeciieeeaana

Coal Mining = - - === === - - e c e e e ieeaceeecaaaaaa

Oil and gas production - -- - - - = mmmm e eeeeeaaeaaaaaas
Population == -=-=- - -cmam e e e eieieeeecaceaaaaas

CHMAtE = - - === c e cc e ac e aaaaacacacacccccacacaccacaacaaaannn
Surface-water hydrology --------c-cccmmmm e
WalET USE = = == === == o e e e e e e ceiiccceeeeecceseasaceeeesaaa—a-
Water-quality criteria and stream classification - - - - - =« - == emcamammaaaicees
S = )

State of Kentucky == --c--mccmmmmm i ieeeeceaaaaaao
Assessment approach =------c - e oo eeeeeeeeecaaaoo-
Biological data - ~=---- === cee e eaeaeeaceaaaaao
Selection of constituents and properties for analysis - - = === ===-==eccccecammaoaaaaaaan
Evaluation of water-quality data - - - = = = - -« = oo oo oo e
Selection of current record period = - - - - - - - e e eeaaaa
Methods of analysis - - = = == = == = =« = = oo e
Treatment of censored data = - === === - - oo e o m e e aaaaaa
Descriptive StatiStics == = == = == === = <o e e e e e ieeeeeeeae e
BOXPIOts === === == e e eeeeeeeeiieeeeaaaaa

Trend analysis === - === --ccv oo e eeeeeeceaecaaeaas
Flow-adjusted trends == -----ccmcmmmmaaae et a e

Loads ------ccmmcmmme e ieaacecaaaao
Biological data - == - =---ccccmcm i

Sources and characteristics of available surface water-qualitydata -----------ccccceeennannn-
Sources of data = - = === === - em e e ieeeieeeeeiceeeeciceeeeennas
Spatial distribution of sampling sites - - - - = = === = < = === e e e
Temporal and hydrologic distribution of samples - == - === === e emeommmm e
Types of water-quality determinations = - - - - - - - - cccmmm e m e aaaaa
National Uranium Resource Evaluation Programdata ---=----------eaeceaaccamaoaaan.
National Atmospheric Deposition Program - - -=----=-ccecvommommaamaaa e aaaaas
Pollutant-discharge estimates - == - = = = = = = = = == <o e o e e e e e eeeeeae oo

EREREERUBBRRERBREEE

51
51



CONTENTS

Current water-quality conditions and long-term trends - - - = === === === e e ocmaca e
TEeMPETature ------=--=cc-=meemecec e ememcecmcecceeseecemeee—~ee—e———a=
pH, alkalinity, and acidity -----------ccam e
Major cations and anions, and related water-quality characteristics - - ~--=---=--2c-cccmomon-

Specific conductance and dissolved solids - - == - === <= == o e mem oo
I0nic COMPOSIION = = = = = = === = = = = = e e e e e e e
Calcium and magnesium - - ~ - - - - == = - <o o e
Sodium and chloride - - - - = «-----cccmemcaaan. -
Potassium --------cccreccmmccmcacraaaaana- e

Sulfate -=--c--mcmmm st aa d
Bromide, fluoride, and silica ----------cncu-on. -
Suspended sediment - -----v-vcceocmn e 7 ---------------------------

Nutrients ----=--m-emcccmmccceeccneecenmaeam—- §
NIFOZEN - - - - = e oo e oo e Mo eeeeeeeemeeeeeoa-
PhOSpPhOTUS = -~ = === - = s e s e e e e
Dissolved OXYZen = === === = - m s cm e e eeeeeeceececeeeaaas
Organic carbon and oxygen demand - - - - - = - - = = o s c e m oo aaa o
Major metals, trace elements, and miscellaneous inorganic compounds - -------------------
Aluminum -------comm e o L
ATSENIC -=---cccmmccccmcc e e e 4emmeemceecmccmmceeee—eeaan
Barium and beryllium --------cccmmeoaooao G mecmeceeccmeescemneme—n-
Cadmium, chromium, and COpper -------==-=ccmmemmmem e aee e e oan
Cyanide - ------cmmcme e
Iron, lead, and manganese - - -----------cocuco--- wm e mmmmmeemmmm—m— e ————
Mercury, molybdenum, and nickel -------c-ccccmmemm o
Selenium, silver, and strontium ----------------- R R r e PR P R
Vanadium and zinc - - --------=--cccccmmmmecon +
Radionuclides -------c-cccmmmmamm oo ot e a

Pesticides and other synthetic organic compounds - - - - - - - -
Polychlorinated biphenyls --------------ecu---- beccemeeccee~e—eeemeemem——nn-

-

-

---------------------------

Pesticides ----c--ccemccemmcmmcaccc e e
Phenols ------ccmmcmccmc e ccceeccceecmeman
Phthalate eSters -----c-cmccccmccemccceecceecceecemeemeemammmmemm—amn——-
Polycyclic aromatic hydrocarbons - - - - - ==« ccmmm oo e

Fecal indicator bacteria - - - -----ceccmeccmececccanrcccmcccncecaccmaemmaanamnn
Biological indicators of water quality, by A.D. Bradfield - - - = = === === === e e e cccccaa o
North Fork Kentucky River - - - - == === - - s s e e e e

Middle Fork Kentucky River - --------cecumua--- S

South Fork Kentucky River ----<----ccmeeonann- e e ————ee
Kentucky River from Beattyville to Red River confluence ------------------c"-""---
Kentucky River from Red River to the Ohio River - === -« =cvccecmacmacnacnaaaaoo
Limitations of available surface water-quality data - - - = - - - - == - - <o oo m oo
REfEIENCES === == == == = = = = e a e~ mmmmameeameemeemmammmm——————a-

Page



ILLUSTRATIONS

Page
Plate 1. Major geographic and hydrologic features of the Kentucky River basin, Kentucky - - - - in pocket
Figure
ES-1. Map showing the Kentucky River basin, Kentucky - - - - === cccecacaaaaaaaaannn 2
1-4. Maps showing:
1. Kentucky River basin - - ------cmcmmoii i 1
2. Physiographic regions of the Kentucky River basin ---------c-cccemcnoonooo 12
3. Generalized geology of the Kentucky River basin - -----ccccaccamaaaaaaaa oo 13
4. Generalized land cover and major mineral resource areas in the Kentucky River
basin = - ccc it iecieieeaiiaeii e o 15
5. Graph showing flow duration at Kentucky River at Lock 14, at Heidelberg, water years
1926-60, 1961-75,and 1976-86 - - - ------- - - e e 20
6. Diagram showing surface-water withdrawals, public-supplied deliveries, and consumptive
use for offstream water-use categories in the Kentucky River basin, 1985 - - ---------- 22
7-9. Maps showing:
7. Locations of surface-water withdrawals for public, industrial, and commercial supply
in the Kentucky River basin, 1985 - - - -« - ccccceccmacmmcnccaccaaa e 23
8. Locations of municipal wastewater-treatment facilities that discharge more than one
million gallons of effluent per day in the Kentucky River basin, 1986 ------------ 24
9. Locations of industrial wastewater-treatment facilities that discharge more than one
million gallons of effluent per day in the Kentucky River basin, 1986 ------------ 25
10. Graph showing annual and mean annual precipitation at Lexington, Kentucky, 1957-86 --- 35
11. Map showing locations of surface water-quality stations in the Kentucky River basin,
through 1986 - ------cmmcmccaa e e eaic e eeeeeeeeeee e 48
12. Map showing locations of surface water-quality sampling sites in the Kentucky River
basin at which 10 or more samples were collected, water years 1976-86 ------------- 49
13-20. Graphs showing:
13. Number of surface water-quality samples collected in the Kentucky River basin, water
years 1951-86 -------c-ciccime ittt e et i 52
14. Number of surface water-quality samples collected in the Kentucky River basin
bymonth ---cccmmmmc i ii e cie it 53
15. Streamflow duration and instantaneous streamflow at time of sampling for the North
Fork Kentucky River at Jackson, water years 1976-86 - - - -------------ccunmo- 54
16. Streamflow duration and instantaneous streamflow at time of sampling for the Red
River near Hazel Green, water years 1976-86 ------------ccccccemcnonann- 55
17. Streamflow duration and instantaneous streamflow at time of sampling for the
Kentucky River above Frankfort, water years 1976-86 ---------------------- 56
18. Numbers of surface-water samples analyzed for selected property and constituent
groups in the Kentucky River Basin, 1951-86 == == ----cceccaaccccaaao- 58
19. Median monthly water temperature for Red River near Hazel Green, Kentucky,
1976-86 =----cccccmcmmaca e iacicacciaccadccceccacca e 62
20. Statistical summary of pH data at sites along the Kentucky River, based on available
data for water years 1976-86 - ---------ccciciciiiii i 65
21-22. Maps showing:
21. Median pH at sites in the Kentucky River basin, through 1986 ------------------ 66
22. Median concentrations of dissolved solids at sites in the Kentucky River basin,
through 1986 - -------cmmmmc it - - 74
23-26. Graphs showing:
23. Statistical summary of dissolved-solids concentrations at sites along the Kentucky
- River, based on available data for water years 1976-86 - --------------------- 81
24. Mean monthly dissolved-solids concentrations, for the Red River near Hazel Green
(5it€ 3.1),1979-85 - ------cmmie e it 87



Figure

23-26.

27.

29-30.

31-32.

33-34.

35.

37.

39.

40-43.

45.

47.

. Graph showing statistical summary of total barium
Kentucky River, based on available data for water y

ILLUSTRATIONS

Graphs showing: — Continued

25. Specific conductance for Kentucky River at Locld 14, at Heidelberg (site 3.0), water
years 1978-86 ---------ccccccaaaaa--- R R

26. Ionic composition of water from selected sites in
high- and low-flow conditions, based on availa

he Kentucky River basin during
le data for water years 1976-86 - - - - -

Map showing median concentrations of dissolved chl¢r1dc at sites in the Kentucky River

basin, through 1986

Graphs showing;
29. Dissolved chloride concentrations for the Kentu
(site 3.0), 1979-86

30. Sodium chloride road salt usage in Kentucky, water years 1976-86

Maps showing:

. Graph showing statistical summary of dissolved chlor de concentrations at sites along the
Kentucky River, based on available data for water years 1976-86

River at Lock 14, at Heidelberg

31. Median concentrations of dissolved sulfate at sites in the Kentucky River basin,

through 1986

32. Median concentrations of suspended sediment at sites in the Kentucky River basin,

through 1986
Graphs showing;

33. Statistical summary of suspended-sediment conce:

River, based on available data for water years 1
34. Statistical summary of total nitrogen concentratia
based on available data for water years 1976-86

ntrations at sites along the Kentucky
976-86
ns at sites along the Kentucky River,

Map showing median concentrations of total phosphorus at sites in the Kentucky River

basin, through 1986

. Graph showing statistical summary of total phosphor

Kentucky River, based on available data for water y

Graph showing mean monthly dissolved-oxygen conce

at Lock 2, at Lockport, 1980-86

. Map showing median concentrations of dissolved oxy,

Graph showing statistical summary of total organic

concentrations at sites along the
ears 1976-86
ntrations for the Kentucky River

gen at sites in the Kentucky River

rbon concentrations at sites along

basin, through 1986 - -------------------- E{ ---------------------------

the Kentucky River, based on available data for water years 1976-86

Maps showing: |

40. Factor analysis scores showing the relative mflucﬂcc of New Albany Shale on
trace-clement concentrations in streambed sediments in the Kentucky River basin - -

41. Factor analysis scores showing the relative influe
trace-element concentrations in streambed se

42. Factor analysis scores showing the relative influe
trace-clement concentrations in streambed se

43. Median concentrations of total barium at sites in
through 1986

Map showing median concentrations of total iron at s
through 1986

. Graph showing statistical summary of total iron conce

Kentucky River, based on available data for water y

ce of carbonate rocks on

iments in the Kentucky River basin - -
ce of underclay units on

iments in the Kentucky River basin - -
he Kentucky River basin,

centrations at sites along the

ears 1976-86

ites in the Kentucky River basin,

ntrations at sites along the
ears 1976-86

Map showing median concentrations of total lead at sites in the Kentucky River basin,

through 1986

viii

Page

98

102
103
104

105

107
113
124
125
127
130

133

144
145
146
175
176
180

181




ILLUSTRATIONS

Page
Figure
48. Graph showing statistical summary of total lead concentrations at sites along the Kentucky
River, based on available data for water years 1976-86 - ------------cc-ccon--- 183
49. Map showing median concentrations of total manganese at sites in the Kentucky River
basin, through 1986 --------cccmmmmmi - 184
50. Graph showing statistical summary of total manganese concentrations at sites along the
Kentucky River, based on available data for water years 1976-86 - ----------------- 185
51. Graph showing mean monthly total manganese concentrations for the Red River near
Hazel Green, Kentucky, 1979-86 ------ecmccccmmcacma e a e ccaccaaace et 186
52. Map showing median colony counts of fecal coliform bacteria at sites in the Kentucky River
basin, through 1986 - - - - -« = - - c o e oo eeeaeeaaao 196
53. Graph showing statistical summary of fecal coliform bacteria counts at sites along the
Kentucky River, based on available data for water years 1976-86 - - - --------------- 197
TABLES
Page
Table
ES-1. Summary of median concentrations and mean annual yields for selected water-quality
constituents in the Kentucky River basin - - - - --ccaccmccmccaaaaaaaaon 4
ES-2. Summary of water-quality trends for selected constituents and properties ------------- 5
ES-3. Summary of water-quality criteria exceedances at sites for selected constituents and
PrOPErties - ---------cccmmmmcimcccaiacceceiccmmeeaa e 6
1. Streamflow and basin characteristics at selected sites in the Kentucky River basin - ----- - 18
2. Streamflow statistics at selected sites in the Kentucky River basin, based on available data
for water years 1976-86 -----cecmccmcmaa i ei e aaacaa e 19
3. Selected Federal water-quality criteria for freshwater aquatic life ------------------- 26
4. Selected Federal drinking-water standards - --------c-cecamrcmmaamaa oo 27
5. Stream-use designations in the Kentucky River basin - - -------c-cccacmcoooo 28
6. Selected Kentucky surface water-quality criteria - --------=-ccccamarcamn 29
7. National Water-Quality Assessment Program target variable list for inorganic constituents
and physical properties ---------cc-cmcmi e 30
8. Trend test results for monthly average discharge for selected sites in the Kentucky River
basin = ---ecem e e eeeeaaaae e 34
9. Regression coefficients and associated probability values of models used to estimate
constituent transport for selected sites in the Kentucky River basin, water years
1983-85 = - ccccmme e eeeeciecmccecaccaaas 37
10. Surface water-quality sampling sites in the Kentucky River basin at which ten or more
measurements of one or more constituents were obtained during water years 1976-86 - -- 50
11. Land use upstream from selected stream sites in the Kentucky River basin ------------ 51
12. Percentage of water-quality samples obtained during specified flow-duration ranges for
selected constituents, properties, and sites in the Kentucky River basin, based on
available data for water years 1976-86 - - - - - - - - = - - e - c o cmece e iaaiaaaa oo 57
13. Statistical summary of water temperature data from selected sites in the Kentucky River
[T R L L R R L LT TP P PP PP 61
14. Trend test results for water temperature measurements for selected sites in the Kentucky
Riverbasin - - -----eccmmmmmmi e i e e 63
15. Statistical summary of pH, alkalinity, and acidity data from selected sites in the Kentucky
Riverbasin - - --cc-ccccmm ittt - 64



Table

16.

17.

18.

19.

21.

22,

24.

27.

29.

31.
32.

33.

35.

TABLES

\

Number of pH and alkalinity measurements made in thle Kentucky River basin and
percentage not meeting indicated water-quality criteria, based on available data for
water years 1976-86 - - - - - - - - ccccccccccccci et c e e e e e e

Number of pH and alkalinity measurements made at selected sites in the Kentucky River
basin and percentage not meeting indicated water-quality criteria, based on available
data for water years 1976-86 - - - - = === == =ac-c s cmc e e iaaaaaaaaas

Trend test results for pH, alkalinity, and acidity measurements for selected sites in the
Kentucky River basin - «----ceccacaaaaa .. e

Regression statistics describing the relations between specific conductance and
concentrations of several water-quality constituents and properties at selected sites in
the Kentucky River basin, based on available data for water years 1976-86 -----------

. Statistical summary of concentrations of major cations and anions and related water-quality

characteristics for selected sites in the Kentucky River basin - - - == == ----ccucnun--
Number of dissolved-solids, sulfate, and fluoride measurements in the Kentucky River
basin and percentage not meeting indicated water-quality criteria, based on available
data for water years 1976-86 - - - - - - - - ------- R L R R
Number of dissolved-solids and fluoride measurements at selected sites in the Kentucky
River basin and percentage not meeting indicated water-quality criteria, based on
available data for water years 1976-86 - --------t-c-cccccmccaamaa e e

. Estimates of mean annual loads and mean annual yields for water years 1983-85 for major

cations and anions for selected sites in the Kentucky River basin - -« - --------------
Trend test results for major cations and anions for selected sites in the Kentucky River
basin --------cccccmmai oo R R R

. Mean milliequivalent ratios expressed as percent of total for major cations and anions in

water samples from selected sites in the Kentucky River basin, based on available
data for water years 1976-86 - --------------- R R
Annual yields of selected constituents in atmospheric|deposition and in surface runoff in
the Kentucky River basin == - == -ccccccmcm oo taa e ii e e e oo
Statistical summary of suspended-sediment concentrations for selected sites in the
Kentucky River basin - - =-=ccecmcmmcma e ta e e ccacaa e ce e
Average percentages of sand, silt, and clay in suspended sediment in streams in the
Kentucky River basin - -------cccacaaa-ano R R
Summary of sediment discharge for selected streams in the Kentucky River basin -------
Estimates of mean annual loads and mean annual yields for water years 1983-85 for
suspended sediment for selected sites in the Kentucky River basin - ---------------
Trend test results for suspended-sediment concentrations for selected sites in the Kentucky
Riverbasin - -------c-cmmmmia i
Statistical summary of nutrient concentrations for selected sites in the Kentucky River
2T B e R R
Number of nutrient measurements made at selected sites in the Kentucky River basin and
percentage not meeting indicated water-quality criteria, based on available data for
water years 1976-86 - - - - - - - cc o - oot eee e o
Estimates of mean annual loads and mean annual yields for water years 1983-85 for
nutrients for selected sites in the Kentucky River basin - - - - - - -------ccccecoonan-
Trend test results for nutrient concentrations for selected sites in the Kentucky River

Riverbasin -==-------ccccccccaacaaaaaa.-

17T | [ L e R R
. Statistical summary of dissolved-oxygen concentratio{s for selected sites in the Kentucky

Page

67

69

70

75

82

82

83




Table

37.

39.

41.

42,

43.

45.

47.

49,

5L

52.

53.

55.

56.

57.

TABLES

Number of dissolved-oxygen concentration measurements made in the Kentucky River
basin and percentage not meeting indicated water-quality criteria, based on available
data for water years 1976-86 - - === - == e e s v e e e eea

. Number of dissolved-oxygen concentration measurements made at selected sites in the

Kentucky River basin and percentage not meeting indicated water-quality criteria, based

on available data for water years 1976-86 - - == == === e s ceeecc i
Trend test results for dissolved-oxygen concentrations for selected sites in the Kentucky

Riverbasin == -c-cccmmmmme i iie e ceieccccnee e

. Statistical summary of organic carbon concentrations and oxygen demand for selected sites

in the Kentucky Riverbasin ~----cccccmmmcmo e eeeeemeeeeee o
Estimates of mean annual loads and mean annual yields for water years 1983-85 for total
organic carbon for selected sites in the Kentucky River basin «------c-ccccucnoo--
Trend test results for total organic carbon concentrations and oxygen demand for selected
sites in the Kentucky River basin ~----cccccmmcmmammi e e e c e
Correlation statistics describing the relations between suspended-sediment concentration
and selected major metals and trace elements for selected sites in the Kentucky River
basin, based on available data for water years 1976-86 ~--~--eccccvcmmcacacaann.

. Statistical summary of concentrations of major metals and trace elements for selected sites

in the Kentucky River basin - == - cccccmcmcmm oo eeeceeeeee o
Estimates of mean annual loads and mean annual yields for water years 1983-85 for major
metals and trace elements for selected sites in the Kentucky River basin ------------

. Trend test results for concentrations of major metals and trace elements for selected sites

in the Kentucky Riverbasin ~--cccccemccmeccmmmrme e e e
Number of major metals and trace elements measurements made at selected sites in the

Kentucky River basin and percentage not meeting indicated water-quality criteria,

based on available data for water years 1976-86 - ---------cccccccccconnon

. Number of major metals and trace elements measurements made in the Kentucky River

basin and percentage not meeting indicated water-quality criteria, based on available

data for water years 1976-86 - - - = v - e s - - cc e e mcc e e e e
Statistical summary of radionuclide concentrations in the Kentucky River basin, based

on available data for water years 1976-86 - - - - - - -------ccccmmmii i

. Average annual pollutant discharge estimates for point and nonpoint sources in the

Kentucky Riverbasin - -----cccmccmmmccom i
Number of samples analyzed for pesticides and other synthetic organic compounds in

the Kentucky River basin, based on available data for water years 1976-86 - - ---------
Statistical summary of concentrations of pesticides and other synthetic organic compounds

in the Kentucky River basin, based on available data for water years 1976-86 ---------
Statistical summary of fecal-indicator bacteria concentrations at selected sites in the

Kentucky Riverbasin - --cccccmccccmmacc i eececcceeae e i e -

. Number of fecal-indicator bacteria measurements made in the Kentucky River basin and

percentage not meeting indicated water-quality criteria, based on available data for

wateryears 1976-86 - = - == - - - - - - o ee et
Number of fecal-indicator bacteria measurements made at selected sites in the Kentucky

River basin and percentage not meeting indicated water-quality criteria, based on

available data for water years 1976-86 - == - = c-=cccec e e e
Trend test results for fecal-indicator bacteria concentrations for selected sites in the

Kentucky Riverbasin ------ccccmemmmmmmm e
Evaluation of available water-quality data for the Kentucky River basin for various types

Of aSSESSMENt = - - v cmcrm e e et

Page



SURFACE WATER-QUALITY ASSESSMENT OF THE KENTUCKY
RIVER BASIN, KENTUCKY: ANALYSIS OF AVAILABLE
WATER-QUALITY DATA THROUGH 1986

By James L. Smoot, Timothy D. Liebermann, Ronald D. Evaldi, and Kevin D. White

EXECUTIVE SUMMARY

Beginning in 1986, the Congress appropriated
funds for the U.S. Geological Survey to test and refine
concepts for a National Water-Quality Assessment
(NAWQA) program. The long-term goals for a
full-scale program are to provide a nationally
consistent description of current water-quality
conditions for a large part of the Nation’s surface- and
ground-water resources, to define long-term trends
(or lack of trends) in water quality, and to identify,
describe, and explaim, as possible, the major factors
that affect observed conditions and trends in water
quality. This information, obtained on a continuing
basis, would be made available to water managers,
policy makers, and the public to provide an improved
scientific basis for evaluating the effectiveness of
water-quality management programs and for
predicting the likely effects of contemplated changes
in land- and water-management practices. At present
(1990), the assessment program is in a pilot phase in
seven project areas that represent diverse hydrologic
environments and water-quality conditions.

This report completes one of the first activities
undertaken as part of the Kentucky River basin pilot
project, which was to compile, screen, and interpret
available water-quality data for the study unit through
1986. The report includes information on the sources
and types of water-quality data available, the utility of
available water-quality data for assessment purposes,
and a description of current (1976-86) water-quality
conditions and trends and their relation to natural
and human factors. Water-quality data from a
broader historical period (1951-86) were also used for
comparison to current-period conditions.

The Kentucky River Basin

The Kentucky River flows through east-central
Kentucky and drains an area of about 7,000 square
miles. As shown in figure ES-1, the river originates
in the uplands of southeast Kentucky and flows

northwestward through the central part of the State to
its junction with the Ohio River. The main stem of the
Kentucky River is defined to include the North Fork.
The upper Kentucky River basin lies in the Eastern
Coal Field physiographic region and supports primarily
silviculture, coal mining, and oil and gas production.
The middle part of the basin lies in the Knobs physio-
graphic region and supports silviculture, oil and gas
production, and small amounts of agriculture and
urbanization. The lower part of the basin lies in the
Inner and Outer Bluegrass regions and supports
primarily agricultural and urban development. The
major population centers in the basin, Lexington and
Frankfort, are in this region. Because land uses are
generally controlled by geology and physiography,
water-quality conditions and their causative factors in
the different parts of the basin (upper, middle, and
lower) are generally distinctive from each other.

The main stem of the Kentucky River is characterized
by a series of 14 locks and dams from a point just
downstream of the confluence of the North, Middle,
and South Forks of the Kentucky River to the mouth.
These locks and dams were originally constructed to
provide a minimum water depth of 6 feet for naviga-
tion. The pooled conditions behind each dam have a
substantial effect on water-quality conditions,
especially during low-flow periods.

The Kentucky River and its tributaries are used
extensively for municipal and industrial water supply,
recreation, and wastewater discharge and assimila-
tion. Water from the river, its tributaries, and
reservoirs provides more than 95 percent of the public
supply in the basin. The Kentucky River basin is the
most densely populated river basin in the State and is
projected to be the area of most growth in the future.
Annual surface-water use in the basin (1985)
exceeded the flow of the river about 4 percent of the
time, based on flow duration near the river mouth.
Because of Kentucky’s dependence on surface-water
supplies, the quality of water in the Kentucky River is
of great interest and concern.






Sources and Characteristics of Available
Surface Water-Quality Data

Retrievals of surface water-quality data from the
U.S. Environmental Protection Agency’s computer
file (STORET) and the U.S. Geological Survey’s
Water Data Storage and Retrieval system
(WATSTORE) identified six agencies as having
collected most of the water-quality data in the
Kentucky River basin. These agencies are: Kentucky
Division of Water; Kentucky Department for Surface
Mining Reclamation and Enforcement; U.S. Army
Corps of Engineers; U.S. Environmental Protection
Agency; U.S. Geological Survey; and U.S. Office of
Surface Mining Reclamation and Enforcement.
These retrievals included data from 1951 through
1986 for about 8,000 samples collected from more
than 500 sites.

To ensure that the available data were suitable for
analysis, it was necessary to evaluate (or screen) the
data with respect to sampling purpose, methods, and
the number of observations. Only 30 sites in the basin
had 10 or more values for one or more constituents
obtained during water years 1976-86. The data base
from these 30 sites consisted of about 2,300 samples,
containing 34,000 individual determinations for 93
different constituents or properties.

The water-quality monitoring program of the
Kentucky Division of Water accounts for most of the
data available for individual site statistical analyses
for the 1976-86 period. The other major sources of
data obtained during this period were from the
National Stream Quality Accounting Network
program and from miscellaneous measurements, both
components of U.S. Geological Survey operations.
Although the available data are generally well
distributed with respect to season and flow condition,
relatively few high-flow periods were sampled at
most sites.

Existing water-quality information for the basin is
adequate for making a generalized assessment of
common water-quality properties and constituents of
interest, such as pH, alkalinity, major ions, nutrients,
and selected major metals and trace elements. With
the exception of synthetic organic compounds and
several trace elements, the occurrence of a specific
constituent in the surface water of the Kentucky River
basin can be determined by using existing informa-
tion. However, the existing data are not adequate to
address questions concerning the distribution and
transport of many constituents or to associate water-
quality conditions with causative factors. Trend
detection for concentrations of trace elements,
synthetic organic compounds, and radionuclides was

hampered due to short, if any, period of record and
the occurrence of concentrations less than laboratory
detection levels.

Current Water-Quality Conditions and
Long-Term Trends

The quality of most surface water in the Kentucky
River basin is generally suitable to support designated
uses on the basis of applicable Federal and State
water-quality criteria. However, because of point and
nonpoint sources of contamination, water in some
stream reaches in the basin do not meet applicable
Federal and State quality criteria and do not support
designated uses.

In the upper Kentucky River basin, which is
characterized by rugged topography and steep stream
slopes, land-disturbance activities associated with
both surface and underground mining substantially
affect water-quality conditions. The annual sediment
yield for the North Fork Kentucky River basin is
about 15 times the yield of the entire Kentucky River
basin as a whole. Sediment deposition also occurs in
this region, particularly in the pool behind lock and
dam 14 downstream of the confluence of the North,
Middle, and South Forks. The chemical quality of
streams can also be affected by land disturbance
activities, including mining. This is particularly true
for concentrations of iron, sulfate, and other dissolved
constituents. More than 60 percent of the dissolved
sulfate load in the Kentucky River basin originates in
the upper basin. In addition, about 55 percent of the
dissolved chloride load for the entire basin is attrib-
uted to brine discharges from oil and gas production
areas in the upper basin. Because of the changes in
water quality, and the resulting loss of habitat due to
sedimentation, only a few, more tolerant, biological
organisms are able to survive in the most affected
stream reaches of this region.

The middle Kentucky River basin corresponds
roughly to the Knobs physiographic region and is
characterized by pristine water-quality conditions as
well as by conditions that reflect the effects of oil and
gas production activities. In largely undeveloped
areas, water in some reaches of the Red River in this
region is classified as Outstanding Resource Water,
the State’s highest classification, and supports a large,
diversified biological community. However, an area
of intensive oil and gas production substantially
affects the quality of water in several streams nearby.
Dissolved solids, barium, sodium, chloride, bromide,
and other dissolved constituent concentrations are
particularly increased as a result of brine discharges
that originate from oil production activities. Some
stream reaches draining active oil and gas fields



Table ES-1. —Summary of median concentrations and mean annual yields for selected water-quality constituents in the Kentucky River basin

[mg/L, milligrams per liter; tons/mi2, tons per square mile]

Dissolved solids Nitrogen, total as N Phosphorus, totalas P Suspended sediment Iron, total
Median Mean Median Mean Median Mean Median Mean Median Mean
Station concen- annual concen- annual concen- annual concen- annual concen- annual
tration  yield tration  yield tration  yield tration  yield tration  yield
(mg/L) (tons/mi2)  (mg/L) (tons/mi2) (mg/L)l (tons/mi2) (mg/L) (tons/mi2)  (mg/L) (tons/miZ)
UPPER BASIN
North Fork Kentucky 295 234 0.76 159 0.03 0.203 27 1,480 1,200 177
River at Jackson
Middle Fork Kentucky 124 140 46 .67 .02 094 22 133 930 312
River at Tallega i
South Fork Kentucky 145 144 52 .89 02 062 12 172 550 286
River at Booneville
LOWER BASIN !
Kentucky River below 180 211 14 1.84 08 . 183 18 108 400 248
Frankfort |
Elkhorn Creek near 358 432 93 9.06 98 ' 159 10 18.7 350 613
Midway !
Kentucky River at 177 227 13 218 .10 ‘ 265 37 105 1,100 253

Lock 2, at Lockport

support only a few, highly tolerant, aquatic organisms
as a result of the high concentrations of dissolved
constituents. Approximately 35 percent of the
chloride load in the entire basin originates from the
middle basin.

Agriculture and urbanization substantially affect
water quality in the lower Kentucky River basin,
Characterized by gently rolling terrane and limestone
bedrock, this physiographic region is home to most of
the basin population and is the center of a large,
world-renowned thoroughbred horse industry. Corn,
tobacco, and livestock production also contribute to
the agricultural land-use in this region. Because of
population density and agricultural activities, the largest
inputs of nitrogen and phosphorus into streams are esti-
mated to occur in the lower basin, including about 76
percent of the annual load of ammonia and organic
nitrogen. Nearly 80 percent of the total ammonia and
nitrogen load transported in the lower Kentucky
River is estimated to originate from nonpoint sources.
Suspended-sediment yields are large in basins drain-
ing agricultural land, and in places the yields
approach those observed in areas of the upper basin
that are affected by mining activities. Biological com-
munities in some stream reaches draining urban areas
have been substantially affected due to low dissolved
oxygen concentrations and high concentrations of
trace metals and other constituents resulting from
wastewater inputs and nonpoint source runoff.

A data summary describing the median concentration
and mean annual yield for selected constituents is

presented in table ES-1. Organized by region (upper
and lower basin), differences in water quality that result

from different land-use activities can be identified.
Water-quality trends and Federal and State criteria
exceedances for selected constituents are summarized
in tablés ES-2 and ES-3 for those sites where at least
10 observations were made. Other significant results,
organized by constituent class, are described below.

Precipitation and Streamflow

From the analysis of long-term data, two
time-periods exhibited significant trends in the
magnitudes of streamflow and precipitation. A
strong increasing trend in flow and precipitation
occurred from the early 1960’s to the mid-1970’s, and
a strong decreasing flow and precipitation trend is
indicated since the mid-1970’s. Most water-quality
data available were collected during the period of
decreasing streamflow and precipitation.

pH and Major Inorganic Constituents

Streams in the Kentucky River basin are generally
well buffered and slightly alkaline, as a result of an
abundance of carbonate minerals in the soil and
bedrock. Median pH values ranged from 7.1 to 7.8.
Acid-mine drainage in the upper part of the basin is
quickly neutralized by carbonate minerals in soils.
Water of the Kentucky River basin generally becomes
increasingly alkaline from the Eastern Coal Fields
region downstream to the Bluegrass region. In the
pooled reaches of the main stem, pH values have
occasionally exceeded 9.0 (the maximum criterion for
aquatic life). These high values most likely result
from algal productivity and associated reduction of
carbon-dioxide concentrations.
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