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FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM OF UNITS (SI)

For the convenience of readers who may want to use International System of Units (SI), the data may be

Multiply inch-pound units

inches (in)

inches per hour (in/h)

feet (ft)

feet per mile (ft/mi)
miles (mi)

square miles (mi2)
acres

acre-feet (acre-ft)

gallons per minute (gal/min)
million gallons per day (mgal/d)

cubic feet per second (ft3/s)

cubic feet per second
per square mile [(ft3/s)/mi?]

pounds
tons (short)

tons per square mile
(tons/mi2)

converted by using the following factors:

By

25.4

254
2.54

0.3048
0.1894
1.609
2.590

4047.

1233.
0.06309
0.04381

378s.
0.02832
0.01093

453.6
0.9072
0.03753

To obtain SI units

millimeters (mm)

millimeters per hour (mm/h)
centimeters per hour (cm/h)

meters (m)

meters per kilometer (m/km)
kilometers (km)

square kilometers (km?)
square meters (m?)

cubic meters (m3)

liters per second (L/s)

cubic meters per second (m3/s)
cubic meters per day (m3/d)
cubic meters per second (m3/s)

cubic meters per second
per square kilometer [(m3/s)/km?]

grams (g)
metric tons

metric ton per square kilometer
(metric ton/km?2)






ABSTRACT

The Eastern Coal Province is divided into 24
separate hydrologic reporting areas. The division is
based on hydrologic factors, location, size, and
mining activity. Hydrologic units (drainage basins)
or parts of units are combined to form each area. A
separate report will be published for each area and is
designed to be useful to mine owners and operators
and consulting engineers by presenting information
about existing hydrologic conditions and by identify-
ing sources of hydrologic information. General hy-
drologic information is presented in a brief text and
illustrations on each water-resources related topic.

Area 14 is in the central part of the Eastern Coal
Province, in the Eastern Coal Field in Kentucky. It
includes parts of the Kentucky and Licking River
basins, and the Red River basin, draining an area of
4,423 square miles.

Most of Area 14 is underlain by coal-bearing
rocks of Pennsylvanian age, subdivided into the Lee
and Breathitt Formations. The Lee Formation crops
out mainly along the western edge of the area and in
Letcher County. The Breathitt Formation crops out
in most of the remaining area. Most of the coal
occurs in the Breathitt Formation at depths of as
much as 2,500 feet.

The principal rivers in the area are the South,
Middle, and North Forks of the Kentucky River, the
upper Licking River, and the Red River. All streams
except the Licking River flow into the Kentucky
River. The Kentucky and Licking Rivers flow into
the Ohio River and the water eventually reaches the
Gulf of Mexico by way of the Mississippi River.

The main soils in Area 14 are derived from
siltstones, shales, and sandstones. They are subject
to a high rate of erosion as a result of the steep
slopes, and especially with the removal of the vegetal
cover. The principal land uses in the area are forest
and pasture.

Coal mining in Area 14 has shifted gradually
from underground to surface operations. Coal pro-
duction during 1978 was 38 million tons, of which 21
percent was from Perry County.

Precipitation averages range from 41 to 54 inches
per year. The 10-year 24-hour rainfall averages 4.3
inches.

Water-use data for 1975 show that domestic and
public supply account for 77 percent of the water
withdrawals. Most of the water is obtained from
streams and lakes because ground-water sources are
generally inadequate or undeveloped.

Hydrologic data are available from a network of
64 surface-water sites. The data show that stream-
flow varies seasonally with precipitation and evapo-
transpiration. Most of the streams draining less than
100 square miles go dry occasionally. Flooding,
however, is severe as a result of intense precipitation
and rapid runoff. The magnitude and frequency of
floods are affected by the drainage area, topography
and geology. Maps defining flood-prone areas are
available for 35 stream reaches in Area 14.

Additional hydrologic data are collected at 3
long-term ground water monitoring sites. Miscel-
laneous information on domestic and industrial wells
is available.

The chemical and physical characteristics of the
waters in streams draining Area 14 are directly relat-
ed to mining activities. In streams draining mined
areas, dissolved solids such as sulfate, iron, man-
ganese, and some trace metals, are much higher than
in streams not affected by mine drainage. Lowering
of the pH in streams receiving mine drainage is not
readily evident. Acid waters are partly neutralized
close to their sources and most stream waters have
pH values ranging from 6.2 to 8.3 units. Limited
suspended-sediment data from mined areas show
tenfold increases in the suspended sediment load as
compared to non-mined areas.

Most of the ground water in Area 14 occurs in
the sandstone aquifers of the Breathitt and Lee For-
mations. Water levels fluctuate seasonally in re-
sponse to precipitation and evapotranspiration. Well
yields range from 1 to 325 gallon per minute. The
quality of ground water is variable, with generally
high iron concentration and salty and saline water
below 300 feet below land surface.

The hydrologic data available in Area 14 are now
being augmented from an expanded network of
streamflow, suspended-sediment, and chemical-
quality stations. These stations were implemented in
response to the Surface Mining Control and Recla-
mation Act of 1977 (Public Law 95-87).



1.0 INTRODUCTION
1.1 Objective

AREA 14 REPORT TO AID IN PREPARING AND
APPRAISING MINE PERMIT APPLICATIONS

Existing hydrologic conditions and identification of
sources of hydrologic information are presented.

A need for hydrologic information and analysis
on a scale never before required nationally was
initiated when the ”“Surface Mining Control and
Reclamation Act of 1977” was signed into law as
Public Law 95-87, August 3, 1977. This need is
partially met by this report which broadly character-
izes the hydrology of a large sub-basin in the eastern
coal area of Kentucky (see figure 1.1-1). This report,
which is for Area 14, is one of a series that covers the
coal provinces nationwide. The report contains a
brief text with an accompanying map, chart, graph,
or other illustration for each of a number of water-
resources related topics. The summation of the
topical discussions provides a description of the
hydrology of the area.

The hydrologic information presented or availa-

ble through sources identified in this report, may be
used in describing the hydrology of the "general
area” of any proposed mine. Furthermore, it is
expected that this hydrologic information will be
supplemented by the lease applicant’s specific site
data as well as data from other sources to provide a
more detailed picture of the hydrology in the vicinity
of the mine and the anticipated hydrologic cons-
quences of the mining operation.

The information contained herein should be
useful to surface mine owners, operators, and con-
sulting engineers in the preparation of permits and,
to regulatory authorities in appraising the adequacy
of permit applications.
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Figure 11-1 Location of area 14.
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1.0 INTRODUCTION (Continued)
1.2 Project Area

AREA LOCATED IN CENTRAL PART OF
EASTERN COAL PROVINCE

Area 14 includes 4,423 square miles in the Kentucky,
Licking, and Red River basins in Eastern Kentucky.

The Eastern Coal Province has been divided into
24 hydrologic reporting areas. The divisions are
based on drainage boundaries, location, size, hy-
drology, and mining activities (see cover). Several hy-
drologic units (drainage basins) or parts of units are
combined to form one reporting area (fig. 1.2-1).

Area 14 is in the central part of the Eastern Coal
Province in eastern Kentucky. The area is part of the
Appalachian Plateaus physiographic province in
Kentucky (fig. 1.2-2) and includes 4,423 mi? within

the Kentucky, Licking and Red River basins . Most
of the area is within the mountainous terrain of the
Eastern Coal Field, and includes all or parts of Brea-
thitt, Clay, Estill, Jackson, Knott, Lee, Letcher, Les-
lie, Magoffin, Menifee, Morgan, Owsley, Perry, Po-
well, and Wolfe counties. The population density in
Area 14 ranges from 19 to 52 per square mile, averag-
ing about 30 (Karan and Mather, 1977). The princi-
pal cities are Booneville, Campton, Hazard, Hyden,
Jackson, Manchester, and Salyersville.
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1.0 INTRODUCTION (Continued)

1.3 Hydrologic Problems Related to Surface Coal Mining

HYDROLOGIC ENVIRONMENT CAN BE ADVERSELY
ALTERED BY SURFACE COAL MINING

Erosion, sedimentation, decline in water levels, and degradation of
water quality are typical problems associated with surface
coal mining.

Surface mining drastically alters the environment
of undisturbed areas and may cause detrimental
changes to the natural environment. Mining activi-
ties such as the removal of vegetation, excavation,
and dumping of large volumes of unconsolidated
spoil materials create unstable areas of loose earth
and rock which erode easily and contribute addition-
al sediment to surface streams, channels, and flood
plains. If the mined area is reclaimed during mining,
or after mining is completed, some of the detrimental
environmental effects can be decreased or prevented.

Adverse effects associated with erosion and in-
creased sedimentation include excessive sediment
deposition in streams and reservoirs which in turn in-
creases the cost of maintaining navigation channels
and treating water for industrial and domestic uses.
Other adverse effects include destruction of life habi-
tat, increased flooding due to filling of the stream
channels and flood plains by sediment, and reduction
of aesthetic value in recreation areas.

Along with increased sedimentation, another
common and troublesome water-quality problem is
acid-mine drainage. After mining, accelerated weath-
ering of iron bearing minerals (pyrite and marcasite,
for example) exposed in spoil materials and coal beds
produces sulfuric acid and accelerates the dissolution
of minerals. Water draining such a mined area gen-
erally has low pH values (2.5-5.0 units), and in-
creased sulfate and dissolved-solids concentrations.
The acidic water reacts with other minerals increasing
trace element concentrations such as aluminum, cop-
per, lead, iron, manganese, and zinc. Adverse effects
associated with acidic and highly mineralized mine

drainage may include reduction of aquatic life, in-
creased corrosiveness of water, limitations on the use
of water for domestic and industrial purposes, and
reduction of aesthetic value and recreational use.

The adverse effects are most apparent on and
near the mine site. The receiving stream for surface
and seepage drainage at the mine site usually is most
affected. Suspended sediment, mineral content, and
pH will usually diminish in severity downstream
from the mine due to settling out of the sediment,
and the increased buffering and dilution capacity of
the stream.

The decline of ground-water levels can occur in
and near surface-mining areas when excavation ex-
tends below the water table causing some wells and
springs to go dry (fig. 1.3-1). The quality of ground
water can also be affected even though the effects
may take much longer to detect at points remote
from mining activities.

The magnitude of the effects of surface mining
on the surrounding hydrologic environment depends
on several physical and chemical factors. The more
influential factors include mining and reclamation
methods, topography, geology, climate, rate of water
movement and volumes, the distance to the mine site,
and the time elapsed since mining began.

Some chemical and physical relations and trends
that can result from surface coal mining are shown in
figure 1.3-2. No proportion, ratio, or linearity is im-
plied by these diagrams.
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2.0 GENERAL FEATURES
2.1 Land Forms

AREA WITHIN THREE
PHYSIOGRAPHIC REGIONS

The Knobs, Cumberland Plateau, and Kanawha sections in Area 14
lie within the Appalachian Plateaus and the Interior Low Plateau.

Most of Area 14 lies within the Applachian
Plateaus physiographic province which is subdivided
into the Kanawha and Cumberland Plateau sections
(fig. 2.1-1). The greater part of the area lies within
the Kanawha section which is a dissected plateau
characterized by narrow, crooked valleys, and nar-
row, irregular steep-sided ridges. This section is
underlain by sandstone, siltstone, and shale of Penn-
sylvanian age and is drained by the North, Middle,
and South Forks Kentucky River and the Licking
River.

The Cumberland Plateau section borders the
Kanawha section on the northwest. It is a broad
plateau of moderate relief. Along its western margin
it is intricately dissected into very narrow ridges
which are bordered by deep valleys having precipi-

tous walls. The surface of the upland is developed on
shale and sandstone of Pennsylvanian age, and the
valleys are cut into shale and limestone of Mississip-
pian age.

The Knobs section of the Interior Low Plateau
province borders the Cumberland Plateau section on
the northwest. The Knobs section is characterized by
conical hills that are separated by wide valleys or
lowlands. The hills are erosional remnants of the
Cumberland Plateau section to the southeast and
consist of shale, limestone, and sandstone of Missis-
sippian and Pennsylvanian age. Broad valleys in the
northwestern part of the area are developed in shale
of Devonian age.
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2.0 GENERAL FEATURES
2.2 Geology

THREE MAJOR ROCK UNITS
UNDERLIE AREA 14

The rocks are subdivided into the Breathitt and Lee Formations
of Pennsylvanian age, and the underlying rocks of
Mississippian to Ordovician age. Coal occurs in
the Pennsylvanian rocks.

The Breathitt Formation crops out in most of
Area 14 and contains most of the mineable coal. The
maximum thickness of the formation, about 2,500
feet, occurs in southern Leslie County. The Breathitt
Formation consists of siltstone and clay shale, sand-
stone, coal, ironstone, and limestone. Siltstone and
clay shale generally intergrade. As many as 30 coal
beds or coal zones are present in the formation and
range in thickness from less than 6 inches to as much
as 19 feet. The coal beds are irregular in shape. The
thickest beds tend to be elongate toward the north
and east. Individual beds may be thin or absent lo-
cally and commonly may grade horizontally into oth-
er sediments such as black shale or siltstone. In-
dividual sandstone beds range from 30 to 120 feet in
thickness and commonly show rapid lateral changes
in lithology. Thus regional correlation of individual
beds is difficult. Limestone is present as thin, discon-
tinuous beds or as concretions which commonly oc-
cur above coal beds. At least one zone of limestone
and calcareous shale, the Magoffin Member is wide-
spread.

The Lee Formation is overlain by the Breathitt
Formation except in the western part of Area 14. Al-
though not shown because of the scale of the geologic
map in figure 2.2-1, the Lee Formation crops out in
the valleys of the major streams in Clay and Owsley
Counties. The formation is characterized by massive
orthoquartzite that locally contains lenses of con-
glomerate; in places, sandstone makes up more than
80 percent of the formation. The sandstone beds
commonly intertongue with or grade laterally into
siltstone or shale. It also contains shale beds ranging

10

from less than 20 feet to as much as 40 feet in thick-
ness. Carbonaceous shale, siltstone, and coal are fre-
quently interbedded and are more common in the up-
per part of the formation. The Lee Formation also
contains coal beds that are markedly lenticular and
discontinuous. The formation varies in thickness
from about 300 feet along the northwestern border of
its outcrop to about 1,200 feet in Letcher County.

Pre-Pennsylvanian rocks of Mississippian to Or-
dovician age are undifferentiated for the purpose of
this report. These rocks are exposed along Pine
Mountain in Letcher County and in the northwestern
part of the area. They consist of shale, limestone,
and sandstone and range in thickness from about 700
feet to 2,600 feet.

All formations are relatively flat-lying and thick-
en toward the southeast. The major structural fea-
tures in Area 14 are the Irvine-Paint Creek fault sys-
tem, and the Pine Mountain Fault, which is the
northwest border of the Cumberland overthrust
block. Geologic structure has little effect on mining
except in the vicinity of major faults where the coal
beds are too discontinuous to mine.

The geologic map of Area 14 shown in figure
2.2-1 is highly generalized. Detailed geology of the
area is available on 72 minute geologic-quadrangle
maps (Appendix 1). Each map has a geologic colum-
nar section and most have a geologic cross section
that shows the stratigraphic relation of coal beds and
surrounding rocks.
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2.0 GENERAL FEATURES (Continued)
2.3 Surface Drainage

FIVE RIVERS DRAIN
MOST OF AREA 14

The South, Middle and North Forks Kentucky River
drain about 60 percent of the area. Other major
streams include the Licking and Red Rivers.

The South, Middle and North Forks Kentucky
River are the main streams in Area 14, draining near-
ly 60 percent of the area (fig. 2.3-1). The North and
Middle Forks join upstream from the city of Beatty-
ville, in Lee County, to form the Kentucky River.
The South Fork flows into the Kentucky River a
short distance downstream from Beattyville. Trou-
blesome and Quicksand Creeks, upstream from the
city of Jackson, are the main tributaries to the North
Fork. Cutshin and Greasy Creeks are the principal
tributaries to the Middle Fork, while Red Bird River,
Goose Creek, and Sexton Creek are the main bran-
ches of the South Fork. The Kentucky River is
regulated by a series of navigation dams downstream
from Heidelberg and the confluence with the South
‘Fork.

The Red River flows westerly from Lee City in
Wolf County toward the city of Hazel Green and en-
ters the Kentucky River downstream from Clay City
between Estill and Clark Counties. The principal
tributaries of the Red River are Stillwater Creek,
Middle Fork Red River, and Lulbegrud Creek.

The Licking River flows from Salyersville north-
west to Cave Run Lake. Caney Fork and Elk Fork
are the principal tributaries to the Licking River,
flowing into it downstream from the city of West
Liberty.

There are three reservoirs in Area 14. Buckhorn
Lake (Middle Fork Kentucky River) downstream
from Hyden; Carr Fork Lake (Carr Fork) near Sassa-
frass; and Cave Run Lake (Licking River) near Farm-
ers serve both for flood control and recreational pur-
poses. The drainage area and maximum capacity of
each reservoir are as follows:

12

Reservoir Drainags Area  Capacity

mi acre-ft
Buckhorn Lake 408 168,000
Carr Fork Lake near Sassafrass 58 47,700
Cave Run Lake near Farmers 826 614,100

Altitudes in the upper Kentucky River basin
range from about 800 to 2,000 feet, and from 600 to
1,400 feet in the Licking River basin. The basins of
the three Forks of the Kentucky River are character-
ized by rugged topography. The Licking River basin
is similar although the relief and slopes are more
gradual.

Drainage areas of the principal rivers in Area 14
are as follows: ’

Name Drainage Area

mi

South Fork Kentucky River at mouth 748

Middle Fork Kentucky River at mouth 559
North Fork Kentucky River upstream

from the Middle Fork 1,319

Red River at mouth 487

Mainstem Kentucky River between

South Fork and Red River 606

Licking River at Bangor 704

4,423

Drainage areas for other selected locations in
Area 14 are available from:

U.S. Geological Survey
Water Resources Division
Room 572
600 Federal Place
Louisville, KY 40202
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2.0 GENERAL FEATURES (Continued)
2.4 Land Use

FORESTS COVER MOST
OF AREA 14

Complete land-use data are available for only the upper
Kentucky River basin. Data show that of about 2.2 million
acres, 83 percent was forested and 4 percent was used for mining.

A detailed survey of land use in the Kentucky
River basin was completed using 1974-75 Landsat
satellite data. The acreage was prorated to include
only the upper Kentucky River basin (Appendix 2).

Hardwood and conifer forests account for about
83 percent of the acreage in the upper Kentucky River

14

basin, Area 14. In Perry County, the principal coal
producing county, contour strip mines account for
about 14 percent of the acreage, compared to only
about 4 percent for the entire upper Kentucky River
basin. The area of stabilized and unstabilized strip
mines is about equal.

-
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LAND USE IN THE UPPER KENTUCKY RIVER BASIN, PERCENTAGE.

Hardwoods 81

Cropland 3
Unstabilized Strip Mines 2

Stabilized Strip Mines 2
Others* 2

Grassland 8 ( Adapted from US. Soil Conservation

Conifers 2 )
Service, 1978)

Figure 24-1  Land use in the upper Kentucky River basin.
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2.0 GENERAL FEATURES (Continued)
2.5 Coal Production

COAL PRODUCTION IN 1978
WAS 38 MILLION TONS

-Surface mining accounts for 65 percent of total production from
Area 14. Perry County was the principal producer of coal during
1978, with about 8 million tons.

Coal production in Area 14 is concentrated in the
drainage basins of the Middle and North Forks
Kentucky River. The combined production in Brea-
thitt, Knott, Perry, Letcher, and Leslie Counties was
about 29 million tons in 1978, or nearly 76 percent of
the total 38 million tons produced in the area (fig.
2.5-1). Perry County was the principal producer,
with nearly 8 million tons from 279 mines (Kirkpa-
trick, 1979). Coal production in 1979 was about 7

16

percent less than during 1978 when 755 surface and
661 underground mines were active.

During the period from 1950-78 there was a
gradual shift in the mining operations from under-
ground to surface mines, although underground
mining still accounts for about 35 percent of the total
production. Production figures for both types of
mines for Perry County during this period are shown
in figure 2.5-2.
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2.0 GENERAL FEATURES (Continued)
2.6 Soils

SOILS ARE DERIVED FROM
SILTSTONES, SANDSTONES AND SHALES

Most of the soils in Area 14 are derived from siltstones,
sandstones, and shales. The principal soil associations
are the Jefferson-Shelocta and Lathan-Shelocta.

About 80 percent of the soils in the study area are
associations of the Jefferson-Shelocta and the
Lathan-Shelocta soils (fig. 2.6-1). These are deep,
well drained soils formed from siltstones, shales, and
sandstones. The slopes in the area range from 20 to
60 percent, making the land poorly suited for agricul-
ture.

A band of the Shelocta-Brookside soils extends
across the northwestern part of the basin. These soils
are very similar to the Jefferson-Shelocta and
Lathan-Shelocta associations but contain mostly
clayey colluvium derived from limestone.

18

Two narrow bands of the Morehead-Whitely-
Cuba association are in the flood plains of the Ken-
tucky and Licking Rivers. These soils are deep, well
drained, and composed of loamy alluvium. Al-
though they are excellent agricultural soils, their use
is limited by the potential for flooding.

The general characteristics of the soils in Area 14
are shown in table 2.6-1. The suitability of soils for
use in agriculture and growth media are described in
table 2.6-2.
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Figure 2.6-1 Generalized soil associations.

Soil Association

Morehead-Whitely-
Cuba

Latham—-Shelocta

Jefferson-Dekalb

Table 2.6-1 Soil association features

Physical Description

Steep side slopes with
narrow ridge tops and
flood plains in the
Cumberland Mountains

Jefferson-Shelocta Steep side slopes with

narrow ridge tops and
flood plains in the
Cumberland Mountains

Steep side slopes of

higher mountains with
narrow ridge tops and
flood plains of Cum-—

berland Mountains

Shelocta-Brookside Steep side slopes with

narrow ridge tops and
flood plains in the
Cumberland Mountains

Terraces and flood plains
of major mountain streams

Soil Depths
(inches) be

0 - 74
0 - 38
0 - 50
0= 30
0 - 60

Depth to PH Permeabilty Available water Sldpe
drock (feet) (inches/hour) capacity (percent)
(inches/inch)

3.5 = 10 4.5 = 5.5 0.6 =.2.0 10 = .23 0- 12

4 -8 4.5 - 5.5 .63 - 2.0 .11 - .19 20 - 50

5 =8 4.5 = 6.5 63 - 6.3 .10 - .18 20 - 60

1.5 -8 4.5 - 5.5 2 6.3 .06 - .18 20 - 60

4 -9 4.5 - 7.3 2 -2.0 .09 - .17 20 - 60

Soil Conservation Service, 1978

Table 2.6-2 Suitability rating of soil (to a depth of 1 meter) for use as a plant

growth medium in drastically disturbed land reclamation

Factors affecting

Degree of suitability

use
Good Fair Poor
(essentially
unsuitable)
Electrical conductivity EC (umhos/cm) <8 8-16 >16
Sodium adsorption ratio SAR <2 2-12 >12
Exchangeable-sodium-percentage ESP* <2 2-15 >15
pH 5.0-8.5 3.5-5.0 <3.5;>85
Coarse fragments over 3-inch diameter <15 15-35 >35
(percent by volume)
Intermediate textural group medium
moderately fine fine coarse
moderately coarse
Available water capacity (inches/inch) 01 0.1-0.05 <0.05
Depth to bedrock or cemented pan > 40 inches 20 - 40 inches < 20 inches
Slope (percent) <8 8-15 >15

* Rate 2:1

Clay texture poor if over 10; sand texture if over 20

Modified from U. S. Department
of the Interior (1977)

2.0 GENERAL FEATURES (Continued)
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2.0 GENERAL FEATURES (Continued)
2.7 Precipitation

ANNUAL PRECIPITATION
AVERAGES 47 INCHES

Precipitation data at 16 long-term stations in Area 14 show
averages ranging from 41 to 54 inches per year. The 10-year
24-hour rainfall averages 4.3 inches.

Kentucky lies within the path of moisture-laden,
low-pressure systems that move from the Gulf of
Mexico. Average precipitation throughout the State
ranges from 40 to 54 inches (fig. 2.7-1).

Average rainfall throughout Area 14 is fairly un-
iform, increasing slightly from east to west. Long-
term precipitation data are available at 16 sites (fig.
2.7-2). Annual averages range from about 41 to 54
inches per year. Precipitation occurs on about 130
days each year. Although it may occur at any time of
the year, monthly averages from January through
March are from 20 to 35 percent greater than for Au-
gust through October (fig. 2.7-3).

20

Snow and sleet averages about 20 inches per
year. During extreme years, snow totals exceeding 50
inches can contribute significantly to the winter and
spring runoff.

Area 14 is rugged and mountainous and intense
local storms are produced by orographic effects. The
10-year, 24-hour, rainfall in the area averages 4.3 in-
ches (fig. 2.7-4). Bar graphs show the uniform distri-
bution of these events. A total of 5.6 inches was
recorded in December 1978 during a 24-hour period
near West Liberty.



Figure 2.7-1 Average annual precipitation in Kentuck
(Equal precipitation lines, in inches.)
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Figure 2.7-4 Intensity of storm events.
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3.0 WATER USE IN 1975

DOMESTIC USE WAS 77 PERCENT
OF WATER USED IN 1975

About 6.0 Mgal/d were used in Area 14 during 1975. Nearly
4.6 Mgal/d (77 percent) were for domestic purposes, followed
by agricultural uses (0.9 Mgal/d or 15 percent), and indus-
trial uses (0.5 Mgal/d or 8 percent).

During 1975, a total of 6.0 Mgal/d was with-
drawn for domestic, agricultural, and industrial uses

- in Area 14. The distribution in most of the counties

in the area is shown in figure 3.0-1. Domestic supply
withdrawals were 77 percent of the total, followed by
15 percent for agriculture, and 8 percent for industry
(fig. 3.0-2). Nearly all the withdrawals were from
streams and lakes. Only small amounts of ground
water are withdrawn, mostly from domestic wells.
Perry and Letcher Counties accounted for more than
30 percent of the 4.6 Mgal/d withdrawn for domestic
purposes. :

Water use for agricultural purposes in Area 14 is
mostly in Jackson, Estill, and Morgan Counties. Ir-
rigation of tobacco and corn, the principal crops in

22

the area, account for most of the 0.9 Mgal/d used for
agriculture.

Industrial activity in the basin is predominantly
related to the coal industry. Most of the 0.5 Mgal/d
withdrawn in 1975 for industrial purposes was used
for coal processing.

The water-use data in this report is contained in
"Estimated Use of Water in the United States in
1975,” U.S. Geological Survey Circular 765. Data
are available through the National Water Data Ex-
change (NAWDEX). For details about NAWDEX,
see section 9 of this report.
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4.0 HYDROLOGIC NETWORKS
4.1 Surface Water

DATA AVAILABLE
FOR 64 SITES

The surface-water data-collection network for Area 14 was
increased from 12 to 64 quantity and quality sites in 1979
by the U.S. Geological Survey in response to the Surface

Mining Control and Reclamation Act of 1977.

Streamflow and water-quality information is
available for 64 sites in Area 14. The location and
type of stations are shown in figure 4.1-1, with addi-
tional information for each station given in Appen-
dix 3.

The existing network consists of several types of
stations, including baseline-recording, synoptic, and
other-recording. At baseline-recording stations a
continuous record of stage and streamflow is ob-
tained. In addition, samples for physical and chemi-
cal analyses such as pH, specific conductance, sul-
fate, iron, manganese, alkalinity, and dissolved sol-
ids are collected about every 6 weeks. Suspended-
sediment samples are collected several times per week

24

and during high flows in order to define the
suspended-sediment load of the streams. At the
synoptic stations, streamflow is measured and sam-
ples are collected about 4 times per year. At other-
recording stations only continuous streamflow data
are collected.

The surface-water data collected during 1979, as
well as historical data, are published in the annual
"Water Resources Data for Kentucky” reports. The
information is also available through the National
Water Data Exchange (NAWDEX) as described in
section 9.0.
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4.0 HYDROLOGIC NETWORKS (Continued)
4.2 Ground Water

GROUND-WATER DATA
AVAILABLE FOR MANY SITES

Miscellaneous information from a large number of domestic
and industrial wells is available. Long-term ground-water
information in Area 14 is scarce, with only 3 active mon-
itoring wells. A comprehensive study of the hydrogeology
of the Eastern Coal Field, begun in 1980, will provide
additional data.

Miscellaneous information from domestic and
industrial wells tapping deep formations throughout
Area 14 is available (fig. 4.2-1). The types of well
(drilled or dug), depth to water, and depth of wells in
Breathitt, Floyd, Harlan, Knott, Letcher, and
Magoffin Counties as of 1962 are summarized in
Hydrologic Atlas 36 (Price and others, 1962). The
data for Breathitt County is shown in figure 4.2-1.
Other counties in Area 14 are covered in Hydrologic
Atlases 37 and 38 (Price and others, 1962A and
Kilburn and others, 1962).

Long-term continuous water-level information is
available from only 2 wells in Area 14. These wells,
located in Letcher County, are shallow and provide
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information only on the water-table aquifer (fig.
4.2-2). A third well, tapping the Lee Formation in
Magoffin County, was sampled for alkalinity in 1935
and has been sampled periodically for chemical and
physical analyses since 1951 (Faust and others), with
annual samples collected since 1971 (fig. 4.2-2).

A comprehensive study of the hydrogeology of
the Eastern Coal Field was begun in 1980 by the
Kentucky Geological Survey. The study, which in-
cludes Area 14, will gather data on the aquifers in the
area, will develop a data base to help implement a
ground-water monitoring program, and will establish
a network of observation wells.
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Figure 4.2-1 Miscellaneous ground-water network in Breathitt County.
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Figure 4.2-2 Long-term ground-water stations.
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5.0 SURFACE WATER
5.1 Mean Daily Streamflow

STREAMFLOW VARIES SEASONALLY

Mean daily streamflow fluctuates seasonally with precipi-
tation and evapotranspiration.

Streamflow throughout Area 14 varies seasonally
with precipitation and evapotranspiration. Typical
streamflow hydrographs from three stations in the
area are shown in figure 5.1-1. These hydrographs
represent small to large gaged basins and show a sea-
sonal increase in flow from November through Janu-
ary in response to increasing precipitation and de-
creasing evapotranspiration. An increase in precipi-
tation normally occurs during the winter months.
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Runoff increases during the spring months with in-
creasing precipitation and some snow melt. Spring
thunderstorms help to maintain a relatively high run-
off through May, although increasing evapotranspi-
ration tends to decrease streamflows. The low-flow
season, resulting from a combination of decreasing
precipitation and increasing evapotranspiration, ex-
tends from about June to about October.



DAILY MEAN DISCHARGE.
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Drainage Area - 613 square miles.
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5.0 SURFACE WATER (Continued)
5.2 Low Flow

MOST STREAMS DRAINING LESS THAN
100 SQUARE MILES GO DRY OCCASIONALLY

Low flows of streams in Area 14, draining less than 100
mi?, have a 7-day 10-year discharge of zero.

Topography and geology in Area 14 are the most
important factors affecting low flows. Steep slopes
in the area cause rapid surface runoff. In some areas
the low permeability of the soils reduces infiltration,
minimizing ground-water recharge and subsequent
base streamflows. Most of the streams draining less
than 100 mi? approach zero flow during the low-flow
season, which normally occurs from June through
October (Table 5.2-1).
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A network of low-flow sites has been operated
throughout the area for many years (fig. 5.2-1). Par-
tial results of the frequency analyses at gaged and un-
gaged sites were published (Swisshelm, 1974). An
update of the published data, including 7-day 10-year
low flows and other low-flow frequencies can be ob-
tained from the U.S. Geological Survey District Of-
fice in Louisville (Sullavan, 1980).
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5.0 SURFACE WATER (Continued)
5.3 Flood Flows

FLOODING SEVERE IN AREA 14

Severe flooding throughout Area 14 is produced by intense
precipitation. Peak discharges and precipitation data have
been recorded over a period of 50 years.

Maximum known instantaneous peak discharges
at stations in Area 14 range from 9,000 to 120,000
ft3/s (Appendix 4). The intensity of these floods may
be compared among streams if expressed on a yield
per square mile of drainage area. Extreme recorded
yields in the area range from 45 to 297 [(ft3/s)/mi?].
The December 1978 flood yields ranged from 31 to
121 [(ft?/s)/mi?].

Runoff increases rapidly during floods at sites
throughout Area 14. During the December 1978
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flood, at sites in the headwaters of the area, flood
flows increased tenfold within 12-15 hours (fig.
5.3-1). At a downstream site, Kentucky River at
Lock 14 at Heidelberg, the flood flows increased
from 5,000 to 82,000 fté/s within a period of about
40 hours. The steep valley slopes of the upper basin
promote rapid runoff and flash flooding, while the
flatter slopes of the lower basin promote slower
runoff and the flooding covers larger areas for longer
periods of time.



INSTANTANEOUS DISCHARGE, IN CUBIC FEET PER SECOND

85,000
80,000
75,000
70,000
65,000
60,000
55,000
50,000
45,000
40,000

35,000 |

30,000
25,000
20,000
15,000
10,000
5000
0

]

.
KENTUCKY RIVER AT LOCK 14

AT HEIDELBERG, KY.

Drainage area 2657

j square miles.

SDEC | 6DEC T 7DEC T 8DEC ' 9 DEC | 10 DEC | 11 DEC | 1978

17,000
16,000
15,000
14,000

13,000 ~
TROUBLESOME CREEK AT NOBLE, KY.
Drainage area 177 square miles.
11,000 T

12,000

10,000 1
9000

o
z
o
o
2
a
o«
&
a
=
jm
i
o
L
)
=
o
z

8000
7000
6000

I&HHHHO 10 20 MILES ROWAN

5000
4000
3Q00

10 0 10 20 KILOMETERS

2000
1000

38 17 DEC T8 DEC 19 DEC 110 DEC I W

INSTANTANEOUS DISCHARGE,

Blaze

Licking: \
iverg West Liberty

A7

5 4
Index™\%, |
%0, U

:
I

#
(

5

\mmwam \

\
. -7
N N Sty L:zse A

“"k F!zvmls( \
Frije) Hendr

MAGOE}SGL\ /

Carver;
(‘J\L!;\A

Tioton | Lersaiie
p otog | Lredvite

1 - o b/ ol 4
90 g SRR JAgliidn,
'“c?e;ﬁ:u'*rk}" \ S i emum{
BRE\@T h; AR B |

mmxwawmw

=
Y
e,

Everl ree]
38 s oo ton

S L_ = Yw N o EXPLANATION
JACKSON \u\ e ; > A03278500 Station and station number

INSTANTANEOUS DISCHARGE, IN CUBIC FEET PER SECOND

T T T ' T
10,000 |- MIDDLE FORK KENTUCKY RIVER
900017 I’;:?n”::ygn:'trit 202 square miles.
8000 |- ”
7000 |- .
6000 - :
5000 | :
4000 | -
3000 |- 4
2000 |- g
1000 |-
0 —m

e = = Basin boundary

g gl / g~ (See Appendix 4 for further information
D-eine el concerning flood data.)
ﬁzfmm\

FROM U.S. GEOLOGICAL SURVEY
E BASE MAP

Figure 5.3-1 Flood Hydrographs at selected sites, December 1978.

50 SURFACE WATER (Continued)
5.3 FLOOD FLOWS



5.0 SURFACE WATER (Continued)
5.4 Frequency of Floods

FLOODS VARY WITH DRAINAGE
AREA, TOPOGRAPHY AND GEOLOGY

Differences in geography contribute to the magnitude and
frequency of flood events in Area 14. Several techniques
are available to estimate the magnitude and frequency of
floods.

Flood frequency analysis is important for the de-
sign of structures. Flood frequencies are expressed as
a probability of exceedance, or as recurrence inter-
val. There is a (.02 (two percent) probability that the
discharge of the 50-year flood will be equalled or ex-
ceeded in any year.

Techniques for estimating magnitude and fre-
quency of floods at gaged and ungaged sites through-
out Kentucky have been developed by McCabe (1962)
and Hannum (1976). Hannum developed generalized
regression equations from which estimates at any site
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can be made. For the 50-year flood, thefollowing
equation applies
— 638A0 663R1 040

where Qg = dlsc%arge of 50-year flood in cubic feet
per second A = drainage area, in mi“, and R is a
geographical factor related to the geology and topog-
raphy. A difference of nearly 40 percent in the R fac-
tors occurs between the Kentucky and Licking River
basins. Graphical solutions to the above and other
regression equations (simplifying the estimation of
selected flood frequencies) in Area 14 are shown in
figure 5.4-1. Flood flows at long-term stations in
Area 14 are shown in Appendix 4.
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5.0 SURFACE WATER (Continued)
5.5 Flood-prone Areas

MAPS DEFINING FLOOD-
PRONE AREAS AVAILABLE

The limits of inundation by the 100-year recurrence interval
flood or the maximum known flood are shown on 35 maps for
part of Area 14.

The National Flood Insurance Act of 1968, and
the Flood Disaster Protection Act of 1973, estab-
lished programs for investigating the severity and ex-
tent of flooding in urban areas and rural communi-
ties. In 1968, the U.S. Geological Survey began a
program to delineate flood-prone areas and max-
imum known floods for selected areas in Kentucky.
The objective of the program was to define the
100-year flood in areas identified as subject to flood-
ing. Areas were selected where enough information
was available to estimate the depth of the 100-year
flood. A map delineating the maximum known flood
regardless of the recurrence interval was prepared for
areas where information was not available to define
the 100-year flood.

Maps for 35 flood-prone areas within Area 14
are available (fig. 5.5-1). These include 29 maps
where the 100-year flood has been defined and 6
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maps where the maximum known flood has been
delineated. Areas that may be subject to flooding are
outlined on 7% minute quadrangle topographic
bases at a scale of 1:24,000 (1 in = 2000 ft). Maps
are available from:

Kentucky Geological Survey
311 Breckinridge Hall
University of Kentucky
Lexington, KY 40506

or

Kentucky Department of Commerce
Map Sales Office
133 Holmes Street
Frankfort, KY 40601
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5.0 SURFACE WATER (Continued)
5.6 Flow Duration

FLOW OF STREAMS IS
POORLY SUSTAINED

Flow-duration data are available for 11 stations.
Streamflow in Area 14 is highly variable and low flows
decrease rapidly during the dry season.

The streamflow at a given point is an integration
of the partial effects of climate, topography, and
geology, providing a distribution of runoff in time
and magnitude. The flow duration curve is a cumula-
tive frequency curve that shows the percent of time
that a discharge was equalled or exceeded. Mean
daily discharges are particularly suitable for flow-
duration analysis because they are available from
continuous recording stations. Flow-duration data
provide a convenient method of comparing flow
characteristics of streams and estimating the percent
of time that a given amount of flow was exceeded.
Searcy (1959) describes how flow-duration data at
ungaged sites may be estimated if several streamflow
measurements made during low flow are available.

The slope of the flow-duration curve for a stream
is a measure of the variability of flow. A steep slope
indicates highly variable flow whereas a flat slope
indicates more uniform flow which can be caused by
surface or ground-water storage contributions.

Flow-duration data are available for 11 stations
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in Area 14 (fig. 5.6-1 and Appendix 5), with length of
records ranging from 6 to 52 years.

The flow-duration curves from sites in Area 14
are typical of basins with steep slopes, short time-
of-travel between the headwaters and lower basin,
and minor contributions to streamflow from ground
water (fig. 5.6-1). Low-flows at most of the sites
diminish rapidly, except where regulation is signifi-
cant such as at the Kentucky River at Heidelberg.
Low-flow augmentation occurs as a result of con-
trolled releases from the reservoirs in the area.

Poor recharge and ground-water storage condi-
tions result in poor yields during dry periods. In the
basins where coal is mined, although flows are also
poorly sustained, ground water discharges appear to
be more sustained. Some of the increase in base flows
could be due to increased inflitration of surface
runoff in mined areas. Changes in the relief of the
mined area may increase the recharge area and
reduce the slope of the terrain. Similar conditions
were observed by Dyer and Curtis (1977) in several
small basins in Breathitt county.



DISCHARGE, INCUBIC FEET PER SECOND

883858

400

g

g

& 883838

w
o

S w A O N®VO

w Bk hoN®o—

[N)

L1ty

) I |

T TTTTT
Ll

T
|

TTTTTT
Lt

TTTTTT
[

T
1

FLOW DURATION CURVE FOR
RED RIVER NEAR HAZEL GREEN, KENTUCKY

| STATION 03282500 DRAINAGE AREA - 658 SQUARE MILES |

(S SN N NN N (N A [ | S I T

5 10 1520 30 40 50 60 70 8085 90 95 98
PERCENTAGE OF TIME
DISCHARGE WAS EQUALLED OR EXCEEDED

DISCHARGE,INCUBIC FEET PER SECOND

& & 833

20

2 5

10

ROWAN
20 MILES

Eas ez s = Hardm

10 0 10

e

20 KILOMETERS

MONTGOMERY —=

Nbyrg

MENIFf—fEM

Mpiba

RedRiver

éw».u D
3 Ned
0 Coal “9Kd
e
iver,
2 a2 TTa

<~ Manuel Dige M\ L3
.~} Chavies™~— N -

"‘kg

= /’, Lu (ky Fork

L)

T

BEFORE REGULATION

| (1926-60)

PERIOD OF RECORD
(1926-78 )

TTTTTT

FLOW DURATION CURVES FOR KENTUCKY

T

| I (N (Y NN (N N N N N S |

AFTER
— REGULATION
(1962-78)

RIVER AT LOCK 14 AT HEIDELBERG, KENTUCKY
STATION 03282000 DRAINAGE AREA - 2657 SQUARE MILES

et
°, Biue
Diamond, f‘H Ve \
ofor < Brinkiey
Bugerti Clemy )
I\ I rdia [~ Pine Ten,

L Lt

BASE FROM U.S. GEOLOGICAL SURVEY
STATE BASE MAP

Figure 561 Flow duration at selected sites

[ E NN

EXPLANATION

03282500 Station and number for
which flow-duration data
are available
(Sec Appendix 5)

1

10 1520 30 40 50 60 70 80 85 90
PERCENTAGE OF TIME

- Basin boundaries

DISCHARGE WAS EQUALLED OR EXCEEDED

[=]
4
o
v
w
v
o
()
o.
p—
)
w
[T
s
-]
2
(%)
=
w
(Y}
o
<
X
(9]
]
[=]

w A OON®DmYOo

TTTTT

T TTTTTT

T

——(1958-73)

]

Lrartl

T

1

FLOW DURATION CURVE MIDDLE FORK
KENTUCKY RIVER NEAR HYDEN. KENTUCKY i
STATION 03280600 DRAINAGE AREA - 202 SQUARE MILES

[ I I | L1 1
10 1520 30 40 50 60 70 8085 90 95 98

PERCENTAGE OF TIME
DISCHARGE WAS EQUALLED OR EXCEEDED

50 SURFACE WATER (Continued)
5.6 FLOW DURATION



6.0 QUALITY OF SURFACE WATER
6.1 Introduction

WATER QUALITY DATA COLLECTED
AT 64 SITES

Six sampling trips in 1979 and 1980 in addition to historical
data provide a general view of water quality in Area 14.

Some of the effects of surface coal-mining activi-
ties on the hydrologic environment can be evaluated
from water-quality data. The Surface Mining Con-
trol and Reclamation Act of 1977 established a series
of maximum-permissible limits for a number of
water-quality related constituents. The most impor-
tant ones are:

1. pH range from 6.0 to 9.0 units.
2. Total manganese concentration of 4,000 ug/L.
3. Total iron concentration of 7,000 ug/L.

4. Total suspended-solids concentration of 70
mg/L.

Sufficient data to define seasonal water-quality
changes are also required by several sections of the
Act.

The water-quality sampling network in Area 14
consists of 64 active sites (fig. 6.1-1 and Appendix 2).
Samples are collected at various frequencies at each
site for the determination of pH, specific conduc-
tance, alkalinity, temperature, iron and manganese
concentrations (total and dissolved), sulfate, dis-
solved solids and suspended-sediment concentra-
tions. Additional parameters are determined from
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samples collected during a low-flow sampling trip to
determine concentrations of most common constitu-
ents (calcium, magnesium, sodium, potassium, chlo-
ride and fluoride), selected trace constituents (bari-
um, cadmium, chromium, copper, lead, silver, zinc,
cyanide, arsenic, mercury, and selenium), and per-
cent of coal in bottom material.

In addition to this network, numerous streams in
the basin have had limited water-quality data collect-
ed in the past. Many of these historical sites are in-
corporated in the present network (Appendix 2).
Analyses of the historical data, plus the data collect-
ed during the 1979 and 1980 sampling trips are pre-
sented in the following sections of this report.

The sampling trips made in 1979 and 1980 were
conducted during the spring, summer, and fall sea-
sons in an effort to sample during several flow
regimes (low, medium, and high flow conditions).
Samples collected represent water-quality conditions
during extreme low, medium, and some high flows;
extreme high flow conditions were not encountered.
Several streams visited in July and September, 1980,
were dry. The data collected provide an instantane-
ous or synoptic view of water quality during the time
of sampling.
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Figure 6.1-1 Surface-water network

NOTE: See Appendix 3 for more detailed
explanation on each station.

6.0 QUALITY OF SURFACE WATER

6.1 INTRODUCTION




6.0 QUALITY OF SURFACE WATER (Continued)

6.2 Specific Conductance and Dissolved Solids

SPECIFIC CONDUCTANCE CAN BE USED
TO ESTIMATE WATER-QUALITY CHARACTERISTICS

Specific conductance of surface waters in Area 14 ranges from
55 to 5,350 micromhos per centimeter at 25°C. The highest
values occur in areas affected by intensive surface mining.

Significant correlations between specific conductance,
streamflow, and sulfate concentrations have been defined at
long-term sites.

The specific conductance of water, expressed as
micromhos per centimeter at 25°C (umhos/cm), is a
general indicator of the amount of dissolved solids,
(Hem, 1970). The simple and inexpensive procedure
for the field determination of specific conductance
makes it one of the most valuable tools for general
estimation of dissolved constituents. Many of the
ions dissolved in water correlate with the specific
conductance. At a particular site, a correlation may
be developed with the concentration of sulfate or the
~ discharge. For these reasons, specific conductance is
routinely determined at all sites where streamflow
measurements are made or water samples are collect-
ed (fig.6.2-1 and 6.2-2).
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Conductance values throughout Area 14 vary
with stream location and flow (table. 6.2-1). Mini-
mum instantaneous values range from 52 to 630
pmhos/cm, while maximum instantaneous values
range from 55 to 5,350 umhos/cm. Correlation
analyses between specific conductance and sulfate
concentrations were highly significant at the 95 per-
cent confidence level for those stations in the head-
waters of the North Fork Kentucky River (Appendix
6). A significant correlation also exists at most sites
in the basins between the specific conductance and
instantaneous streamflow showing that the specific
conductance decreases with increases in streamflow.
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