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RECONNAISSANCE OF GROUND-WATER RESOURCES IN
THE WESTERN COAL FIELD REGION, KENTUCKY

By B. W. MaxwerL and R. W. DevauL

ABSTRACT

In the Western Coal Field region of Kentucky, water 1s obtained from con-
solidated sedimentary rocks of Mississippian and Pennsylvanian ages and from
unconsohidated sediments of Cenozoic age Pennsylvanian rocks crop out 1n
more than 95 percent of the area and consist of shale and sandstone interbedded
with some limestone and coal The Pennsylvanian strata are divided into five
formations They are, 1n ascending order- the Caseyville sandstone and the
Tradewater, Carbondale, Lisman, and Henshaw formations The Anvil Rock
sandstone member of the Lisman formation and the Caseyville sandstone are
the only bedrock aquifers in the region that are known to yield more than 100
gpm (gallons per minute) to wells Most bedrock wells produce enough water
for a modern domestic supply, more than 500 gpd (gallons per day), and few
yield so lhittle water as to be 1nadequate for hand pumps and bailers, less than
100 gpd

Unconsolidated Cenozoic deposits range from latest Pliocene(?) to Recent
in age and consist of clay, silt, sand, and gravel. High gravels, tentatively
considered to be late Pliocene and early Pleistocene 1n age by McFarlan (1950,
p 125), and loess of Pleistocene age are locally exposed, but nearly all of the
alluvium 1s of late Pleistocene and Recent ages The alluvium along the Ohio
River generally yields from a few hundred to as much as 1,000 gpm to single
vertical wells and as much as several thousand gallons per minute to wells that
have multiple horizontal screens Alluvium 1n the tributaries of the Ohio
River generally 1s finer gramned than that of the Ohio Valley The highest
known yield from a well 1n the alluvium of the tributaries 1s 56 gpm; other
wells yield enough for domestic supplies

Availability of ground water in the region depends on the character and
thickness of the aquifer penetrated, and, where the aqufer 1s bedrock, on the
depth of the water-bearing bed, and to a certain extent on the topographic
situation. Most bedrock agquifers 1n the Western Coal Field region are sand-
stone and may vary greatly in thickness and composition within short distances.
The region 1s divided into five areas of ground-water availability. Area 1 is
confined to the Ohio Valley, most of which 1s underlain by relatively thick
sections of sand and gravel that yield at least 50 gpm to most wells at depths
of less than 150 feet In area 2 most wells yield enough water for a modern
domestic supply from depths of less than 300 feet This area includes the
largest part of the bedrock outcrop in the region, some of the alluvial area
along the Ohio River, and much of the alluvial areas along the larger tributaries
In area 3 most wells yield enough water from depths of less than 300 feet to
supply domestic needs when a hand pump 18 used This area covers the bed-
rock parts of the region that are underlain by shale, sandy shale, and limestone,
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2 GROUND WATER IN WESTERN COAL FIELD REGION, KY.

and the section where few wells are known to yield large supplies of water
In area 4 most wells fail to supply enough water for domestic use from depths
of less than 300 feet—probably because they penetrate thick sections of un-
fractured shale or well-cemented sandstone. In area 5 the yield of wells is
unpredictable, commonly because of faulting.

The water in the shallow bedrock aquifers of the region is mostly of the sodium
bicarbonate or the calcium bicarbonate type. Saline water has been encountered
at depths as shallow as 100 feet, but fresh water has been obtained at depths
approaching 1,000 feet Water from the bedrock is soft to moderately hard,
but it may contain undesirable amounts of iron. Most water from the alluvium
is of the calcium bicarbonate type and is generally harder and contains more
1ron than water from the bedrock.

INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATION

To provide data for planning the use and conservation of the water
resources of the Commonwealth of Kentucky, a statewide program of
ground-water investigations is being made by the U.S. Geological Sur-
vey in cooperation with the Kentucky Geological Survey.
Previous to July 1958, cooperation was with the Department
of Economic Development of Kentucky. Investigations underway at
the present time are of three general types: (a) detailed investiga-
tions of ground-water resources of small areas; (b) statewide re-
connaissance to locate sources warranting detailed study as potential
water supplies for large-scale public, industrial, and agricultural
demands; and (c) statewide reconnaissance investigations of ground-
water resources for general use.

This investigation is of the third type and is one of a series of five
which will cover the Commonwealth. This report provides general
information on the availability of ground water in the Western Coal
Field region of Kentucky.

LOCATION AND EXTENT OF REGION

For convenience in reconnaissance study of the ground-water re-
sources, the Commonwealth of Kentucky has been divided into five
regions of more or less distinctive geology and physiography, as
follows: Eastern Coal Field, Bluegrass, Mississippian Plateau, West-
ern Coal Field, and Jackson Purchase (fig. 1). The boundaries of
the regions are drawn on the county lines, which approximate, but
do not coincide exactly with the geologic and physiographic boun-
daries.

The Western Coal Field region, as defined in this report, includes
about 4,500 square miles in the western part of the Commonwealth,
and consists of 10 counties: Butler, Daviess, Hancock, Henderson,
Hopkins, McLean, Muhlenberg, Ohio, Union, and Webster (fig. 2).
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INTRODUCTION 5

On the north and west, the region is separated from the States of
Indiana and Illinois by the Ohio River, and on the east, south, and
southwest 1t 1s bounded by the Mississippian Plateau region. The
U.S. Census Bureau reported a total population in 1950 of almost
938,000.

PREVIOUS INVESTIGATIONS

Ground-water conditions and geology of the Henderson area are
described 1n a report by Harvey (1956). Information on the public
and industrial water supplies of the region is included in a report by
Maxwell (1954). The deep-channel and alluvial deposits of the Ohio
Valley in Kentucky are described in a report by Walker (1957).

METHOD OF INVESTIGATION

The fieldwork for this investigation was done by E. J. Harvey,
B. W Maxwell, and R. W Devaul from 1950 to 1954. Some work
was done in the Hartford quadrangle in 1948 by E. G. Otton.

Fieldwork consisted chiefly of an inventory of wells and some
springs and a study of the nature of the openings in the rocks
that affect storage and movement of ground water. Information was
obtained on water wells, springs, coal- and o1il-test holes, and bridge
borings. Well depths; depths to water; pumping levels, nature,
depth, and thickness of the aquifers; and the quality of the water
were noted A report on the permanence and adequacy of the water
supply from each well was obtained from the owner whenever pos-
sible Samples of water from representative supplies were collected
for chemical analysis. Logs of wells were obtained from drillers
and well owners, and samples of rock from wells being drilled
during the course of the investigation were examined. Electric logs
of o1l-test holes were used extensively 1n subsurface correlation of rock
strata.

Water-level measurements were made 1n several wells by means
of a steel tape or a recording gage to determine the nature and
amount of the water-level fluctuations

A pumping test was made at Beaver Dam in 1948 by M. I. Rora-
baugh and E. G. Otton. Others were made by E. J. Harvey, B. W.
Maxwell, and R. W. Devaul during the investigation. W. H. Walker
made several specific-capacity tests during 1954.

Information obtained in the well-and-spring inventory is sum-
marized by well symbol and explained on the water-availability maps
1n the atlases of the hydrologic investigations series covering the
Western Coal Field region (Maxwell and Devaul, 1962a, b, ¢, and
Devaul and Maxwell 1962a, b).

602624—61——2



6 GROUND WATER IN WESTERN COAL FIELD REGION, KY.

The geologic maps accompanying these atlases were adapted from
existing county and quadrangle geologic maps published by the Ken-
tucky Geological Survey. In some cases the units mapped in one
county were not equivalent to the units mapped in an adjacent
county. Such differences are noted on the geologic maps by changes
in pattern and symbol.

ACKNOWLEDGMENTS

The reconnaissance was aided greatly by cooperation and interest
of well owners and well drillers, county agents, mining companies,
and oilfield operators. The Kentucky Geological Survey made avail-
able its library and files of well logs and cuttings. The general
geologic information included in this report is based largely on
maps and reports of the Kentucky Geological Survey. A. C. Mec-
Farlan, of the Kentucky Geological Survey, cooperated in the compila-
tion of the stratigraphic column of the region.

GEOGRAPHY

The Western Coal Field region of Kentucky is a part of the
Illinois-Indiana-Kentucky basin, or the Eastern Interior basin
(Eardley, 1951, p. 32), and is bordered on the east, south, and south-
west by the Mississippian Plateau region.

TOPOGRAPHY AND DRAINAGE

Most of the region is a rolling upland 400 to 550 feet above sea
level. Near the east, south, and southwest boundaries of the region
15 a belt of rugged hills, as much as 839 feet in altitude, which generally
coincides with the outcrop of the Caseyville sandstone and the lower
part of the Tradewater formation. Another belt of hills lies along
the Shawneetown-Rough Creek fault zone, which extends westward
across the central part of the region. Extensive flood plains and
alluvial terraces of low relief, ranging in altitude from 340 to 430
feet, border the Ohio and Green Rivers and their tributaries.

The alluvial terraces and flood plain on the Kentucky side of the
Ohio River form the entire north and northwest boundaries of the
Western Coal Field region. The width of the alluvial deposits on
the Kentucky side of the river ranges from very narrow at Hawes-
ville, where the river flows close to the valley wall, to almost 10 miles
just north of Uniontown.

The entire Western Coal Field region is drained by the Ohio River
and 1ts tributaries. The Green River, flowing across the region in a
northwestward direction toward the Ohio, and its tributaries, the
Pond, Mud, and Rough Rivers and Panther Creek, drain about 65
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percent of the area. The Tradewater River, which forms the approx-
imate southwest boundary of the Western Coal Field, drains about
15 percent of the area. The remainder 1s drained by the Ohio River
directly or through small tributaries.

CLIMATE

The climate of this region 1s of the humid continental type. The
prevailing winds are from the south. The average annual tempera-
ture 1s about 57° F. At four stations the average January tempera-
ture 1s about 36° F, and temperatures below 0° F occur occasionally.
The average July temperature 1s about 78° F, and temperatures above
100° F occut occastonally during the summer. The growing season
between killing frosts ranges from 169 to 250 days and averages 210
days. The average annual precipitation is about 44 inches. Precipi-
tation normally 1s fairly well distributed throughout the year. Most
of the precipitation occurs as rainfall; snowfall is scanty and infre-
quent. Figure 3 shows the average normal monthly temperature
and precipitation at four stations in the Western Coal Field region.

For a period of about 3 years, from the spring of 1952 through
the winter of 195455, the Western Coal Field region, as well as other
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8 GROUND WATER IN WESTERN COAL REGION, KY.

sections of Kentucky, experienced considerably less than normal rain-
fall and higher than average temperatures The effects of the dry
period were not felt appreciably until 1953, for which year the
Weather Bureau records show a precipitation deficiency of 7 to nearly
15 inches at four stations in the region. The average annual tem-
perature during the 3-year period was about 1.6° F above normal.
In the Henderson and Greenville areas precipitation was deficient
through 1955 Many wells and springs are reported to have gone
dry for the first time during the summer and fall of 1953 and 1954

ECONOMY AND RESOURCES

The economy of the Western Coal Field region 1s dependent chiefly
on farming, mining, and petroleum production. Most of the large
and prosperous farms are on alluvial terraces of the larger streams.
Corn, soybeans, tobacco, and cattle are the chief farm products. On
the rolling uplands the farms are generally smaller, and fruit farm-
mg, cattle raising, and dairying are the chief activities. The hilly
areas near the boundaries of the region and the dissected areas border-
ing the rivers are too rugged for large-scale farming, and the culti-
vated areas are small There 1s some production of timber, mostly
for local use

Irrigation of crops 1s becoming increasingly common in this region,
and about 25 irrigation systems that use ground water are known to
have been installed from 1953 to 1956. These are all in the alluvium
along the Ohio River, but some small systems may utilize water from
ponds and small streams 1n the interior of the region. Rates of pump-
ing from wells range from 10 to 1,000 gpm (gallons per minute),
and the acreage being irrigated ranges generally from 2 to 125 acres
per well.

Coal is produced in all of the 10 counties, but most of the pro-
duction at the time of this investigation (1958) was in Hopkins and
Muhlenberg Counties. In 1954 more than 22 million tons of bitumi-
nous coal were mined (Sisk, 1954). The coal reserves are large
The Corps of Engineers has built two large locks, at dams 1 and
2 on the Green River, to provide access to the interior of the region
for shipment of coal in large barges

O1l also 1s produced in each of the 10 counties. The production in
1954 was more than 11 million barrels, 82 percent of the Kentucky
total for that year; Henderson and Union Counties were the largest
producers (Sisk, 1954).

Several firms manufacture tile and brick from clay deposits  Sand
and gravel are dredged from the Ohio River and recovered from open-
pit operations, and limestone 1s quarried mn a few places. Other
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mdustries include the production of distilled beverages, chemicals,
food products, furniture, clothing, electrical equipment, plastic prod-
uets, and steel.

GEOLOGY

The consolidated rocks exposed in the Western Coal Field region,
as defined 1n this report, are of sedimentary origin and of late Missis-
sippian and Pennsylvanian age (table 1). Pennsylvanian rocks crop
out 1 more than 95 percent of the area; they consist for the most
part of shale and sandstone interbedded with mimmor amounts of
limestone and coal. Along the eastern and southern borders and
along the Shawneetown-Rough Creek fault zone limestone, sandstone,
and shale of Mississippian age crop out. As the region is a part of
a large basin, the rocks dip gently inward from the eastern, southern,

and western borders.
STRATIGRAPHY

As the Mississippian rocks are exposed in only a small part of the
region, they are treated as a unit m the text of the present report.
The overlying Pennsylvanian rocks are divided imnto five formations
i ascending order the Caseyville sandstone and the Tradewater,
Carbondale, Lisman, and Henshaw formations. Unconsolidated de-
posits of Phiocene(?) and Pleistocene, Pleistocene, and Recent age
consisting of clay, silt, sand, and gravel represent the Cenozoic era mn
the region.

Paleozoic rocks extend to a depth of at least 6,300 feet beneath
the base of the Pennsylvanian, as evidenced by an oil-test hole near
Sebree, Webster County (Freeman, 1951, p. 133-139).

The areal extent and geologic characteristics of the consolidated
and unconsolidated rocks of the region are shown in the generalized
geologic map, (fig. 4).

STRUCTURE

The Western Coal Field region of Kentucky 1s the southern part
of a structural basin centering in Illinois and extending into Kentucky
and Indiana. From the boundaries on the east, south, and southwest
the rocks dip gently inward. This simple structure is complicated
by two major features: the Moorman syncline, which extends north-
westward from Butler County through Union County and includes
the structurally lowest part of the Western Coal Field ; and the Shaw-
neetown-Rough Creek fault zone, which 1s north of the Moorman
syncline and extends generally westward across the entire region
Along the fault zone the rocks are broken into a complex pattern by
both parallel and cross faults. The displacement along the fault
zone, exceeding 1,000 feet in places, brings limestone of Late Missis-



TABLE 1 —Generalized stratigraphic column of the Western Coal Field region, Kentucky

Carboniferous systems

System Series Group Formation Member
Union formation !
Quetrmary | Tgintend
Alluvium and loess
Quaternary and Pleistocene and Gravel
Tertiary(?) Pliocene(?)
Mt Gilead sandstone 2
Mt Gilead shale 2
Henshaw formation Vanderburg sandstone !
Bald Hill shale !
MecLeansboro Dixon sandstone !
Carthage hmestone 3
Madisonville imestone member
Lisman formation Anvil Rock sandstone member
Providence himestone member
Upper sandstone member
Carbondale formation Pleasantview(?) sandstone 4
Pennsylvaman Sebree sandstone !

Tradewater formation

Stonefort limestone member

Curlew sandstone 3

Unnamed limestone member

Curlew hmestone 8 = Fusulina(?) chert
(Ohio County)=Lead Creek(?)
Iimestone ¢ (Hancock County)

Aberdeen sandstone ?

o
a -]
Qo
23
$B
Caseyville [=]
sandstone s

Finnie sandstone !
Grindstaff sandstone member

Bee Springs sandstone ?
Lower conglomerate member
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Mississippian

Upper

Mississippian

Formations of late

Chester age

Kinkaid limestone
Degonia sandstone
Clore hmestone
Palestine sandstone
Menard hmestone
Waltersburg sand-
stone
Vienna hmestone
Tar Springs sand-
stone

Formations of middle
Chester age

Formations of early
Chester age

1 Of Glenn ?912)
2 Of Glenn (1922)

3 Of Owen (1856)
4 Of Wanless (1929)

5 As used by Wanless (1939)
6 Of Crider (1913)

7 0! Crider (1915)
Of Gardner (1927)

9 Of Norwood
(1876)
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GEOLOGY 13

sippian age 1n contact with 10cks of the Lisman formation of Pennsyl-
vanian age. Most of the faults are high angle normal and reverse
faults.

Eastward-trending faults are prominent in southern Hopkins and
Mubhlenberg Counties; some extend eastward into Butler County. A
set of northeastward-trending faults includes the Indian Creek and
the Hawesville faults in Hancock County, the Curdsville and Sorgho
faults of Daviess County, a fault west of Geneva in Henderson
County, and one passing through Uniontown 1n Union County The
location of the major structural features of the region 1s shown on
the map on plate 1 and on plate 3 The general structural features
are shown also in section 4-A4" and B-B’, plates 1 and 2. Plate 3 is
a generalized structure contour map of the top of the No. 7 coal hori-
zon. Most of the contacts were mterpreted from electric logs.

GEOLOGIC HISTORY

During the early part of the Paleozoic era, western Kentucky was
repeatedly flooded by the sea Although there were major interrup-
tions 1n marine deposition and undoubtedly some continental deposi-
tion, practically all the early Paleozoic deposits that remain are of
marine origin. These deposits, now consolidated, consist of limestone,
dolomite, sandstone, and shale. Later, 1n the Mississippian period,
marine 1nundations became less frequent, and the close of the Mis-
sisstppian period was marked by the emergence of this part of the
continent. Streams carried away part of the rocks and cut channels
several hundred feet deep into the Upper Mississippian rocks, pro-
ducing a surface of considerable relief On this surface the Lower
Pennsylvanian sediments, mostly continental in origin, were deposited
During Pennsylvanian time at least 2,750 feet of sediments was de-
posited in the deeper part of the basin (Wanless, 1939). Great
thicknesses of sand and sandy gravel were deposited in deep channels
1n the early part of the period, later, deposits which formed coal,
shale, and thin limestone beds became more prominent

Most of the faulting occurred after the close of the Pennsylvanian
period. The post-Pennsylvanmian faults mtersect all the consolidated
strata exposed in the Western Coal Field region. Rocks of Permian
and Mesozolc age are unknown 1in the region, although some may
have been deposited and later removed by erosion

High-level gravel beds are found at altitudes up to 625 feet These
gravel patches probably are remnants of more widespread deposits
which were laid down by streams befoire Pleistocene glaciation.

During the Pleistocene epoch the Ohio River cut its bedrock
channel to its present depth, and glacial-outwash deposits of both

602624—61——3



14 GROUND WATER IN WESTERN COAL FIELD REGION, KY.

Illinoian and Wisconsin age were deposited in the channel. The
glacial outwash deposits in the Ohio Valley are generally coarser
than the alluvium in tributary valleys. Blanketing the bluffs along
the south side of the Ohio, and for some distance south of the river,
1s a thick deposit of windblown loess consisting of silt and fine sand
The loess was derived from the broad flat flood plains along the
river  Recent alluvium occurs along the present streams (Walker,
1957)
GENERAL HYDROLOGY

The primary purpose of this report 1s to provide information on
the occurrence of ground water for residents of the region. There-
fore, technical terms are restricted to those considered essential to
the understanding of the occurrence of ground water. The follow-
g defimtions are based largely on those given by Memzer (1923a,
b). A few terms, which are not given in the following list, are
defined where they are used in the text

DEFINITION OF TERMS

Aquifer —A formation, group of formations, or part of a formation
that 1s water yielding

Aquifer, confined —Aquifer which 1s overlain by a confining bed
and which contains water that 1s under sufficient pressure to rise
above the bottom of the confining bed Also called artesian aquifer.

Aquifer, semiconfined —Aquifer overlain by a confining bed which
itself 1s somewhat permeable and may act as an aquifer and through
which water may move either into or out of the lower aquifer.

Aquifer, unconfined —Aquifer which is not overlain by a confining
bed and in which, therefore, the water table 1s free to rise and fall.
Also called water-table aquifer

Discharge, ground-water—Discharge of water from an aquifer,
etther by natural means such as evapotranspiration and flow from
seeps and springs, or by artificial means such as pumping from
wells

Drawdown —Lowering of the water level in a well as a result
of withdrawal of water.

Evapotranspiration —Total discharge of water to the air by direct
evaporation and plant transpiration.

Permeability —The capacity of earth materials to transnmut water
under pressure In general, the larger the connected pore spaces ot
other openings m the material the greater the permeability

Piezometric surface —The imaginary surface defined by the level
to which water will rise 1n wells tapping a confined aquifer. Is
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analogous to the water table 1n that its shape and slope are indicative
of the direction and relative rate of movement of water m the
aquifer

Porosity —The ratio of the volume of the openings to the total
volume of a rock or soill A high porosity does not necessarily
indicate a high permeability

Recharge, ground-water —Addition of water to an aquifer by 1nfil-
tration of precipitation through the soil, by flow from streams
or other bodies of surface water, by flow of surface water through
sinkholes, or by flow of ground water from another aquifer.

Saline water.—Saline water has been defined m some reports as
water contaming more than 1,000 ppm (parts per million) of dis-
solved solids. In some areas, however, no better water 1s available
and water contamning more than 1,000 ppm 1s not considered unpot-
able, on the other hand, some water containing less than 1,000
ppm, but having a high proportion of sodium and chloride, has a
salty taste

Specific capacity —The rate of yield of a well per unit of draw-
down, generally expressed in gallons per minute per foot of drawdown
at the end of a specified period of discharge Not an exact quantity,
as drawdown 1ncreases with time Gives an approximate 1ndication
of how much water a well can yield

Water table —The upper surface of the zone of saturation except
where that surface 1s formed by impermeable material.

Zone of saturation —The zone 1n which the openings in the rocks
are filled with water under hydrostatic pressure.

OCCURRENCE OF GROUND WATER

GENERAL GROUND-WATER CONDITIONS IN THE WESTERN COAL
FIELD REGION

Water that enters the aquifers of the Western Coal Field comes
mostly from precipitation which falls directly on the land area and
1 part finds its way to the water table Some ground water 1s
recharged by influent seepage from streams that flow across out-
crop areas (Ground water exists in two different environments, the
consohidated bedrock and the sand and gravel in the valleys of the
Ohio River and 1ts tributaries.

In medium-grained poorly cemented sandstone, such as the Casey-
ville 1 places, the yield of wells may be derived largely from
mtergranular openings (pores), although water from fractures may
increase the yleld In sandstones that are fine grained, shaly, or
well cemented, intergranular openings may yield very little water
directly to wells In these rocks, most successful wells obtain water
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from fractures. Generally these openings are comparatively large and
numerous at shallow depth and are smaller and more widely spaced
at greater depth.

In limestone, fractures may be enlarged by solution and may
yield large quantities of water, but in the Western Coal Field region
few wells are developed 1n limestone, and none of these is known
to yield large amounts of water.

In unconsohidated deposits, such as the sand and gravel along
the Ohio River and 1ts tributaries, the yield of wells 1s derived
entirely from intergranular openings The amount of water obtained
depends largely upon the size, shape, and grading of the particles
and the thickness of the aquifer.
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FLUCTUATION OF WATER LEVELS

The position of the water table 1s related directly to the amount of
ground water in storage. Therefore, fluctuations of water levels mn
wells are an indication of changes 1 ground-water storage Some of
the more common causes of changes in water levels 1n wells 1n the
Western Coal Field region are changes in barometric pressure, changes
in stage of a nearby stream, and differences in rate of recharge due
to variations 1n local precipitation The effect of local precipitation
1s most apparent 1n the winter and early spring when the soil-moisture
deficiency which accumulated during the growing season has been
overcome.

Figure 5 1s a graph showing fluctuations of the water level in a
well penetrating a confined bedrock aquifer near Henderson, Ky.,
caused by changes 1n barometric pressure, as recorded in Owensboro,
Ky. This well, which has a high barometric efficiency, 1s drilled n
the Anvil Rock sandstone member of the Lisman formation.

Figure 6 1s a graph showing the fluctuation of the Ohio River and
the water level of a nearby well in alluvium near Henderson, Ky
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The changes 1n water level 1n the well are very sumilar to, althougli
not quite as large as, the changes in river stage, also, the changes mn
the well occur at almost the same time as the changes 1n river stage

Figure 7 shows changes in water level 1n a well 1n bedrock caused
by recharge from local precipitation. The well 1s drilled into the
Lisman formation and normally 1s a water-table well. In the early
spring however, when the ground 1s saturated with water, the well
shows fluctuations caused by changes 1 barometric pressure As the
weather station 1s 10 miles to the southeast, the changes 1n water level
do not always correspond to the amount of precipitation recorded
there. Also, mior amounts of precipitation do not seem to affect
the water level in the well.

WATER IN THE ALLUVIUM

The alluvium along the Ohio River mn the Western Coal Field
region includes about 300 to 350 square miles, and the total area along
the major tributaries 1s at least as great. Although this represents
only a small part of the total area of the region, the alluvium 1s the
source of about 90 percent of the ground water pumped for public
and mdustrial supplies, and about 66 percent of all water pumped
for public and industrial supplies from both ground and surface
sources (Maxwell, 1954). Most of the water 1s pumped from the
alluvium along the Ohio River, the greatest potential source of ground
water for future imndustrial, municipal, and agricultural development

The alluvium along the Ohio River, except where 1t 1s thin or
composed of silt and clay, will yield at least enough water for domes-
tic and farm use In much of the area, single vertical wells will
yield from a few hundred to as much as 1,000 gpm. Special instal-
lations, such as wells having multiple horizontal screens, may yield
several thousand gallons per minute. Two such collector-type wells
near Henderson yield 3,000 to 4,000 gpm each at most times (Harvey,
1956). Even higher yields are obtained when the river stage 1s high
and the water 1s warm. Such nstallations and also some of the high-
capacity single vertical wells close to the river depend to a large
extent on induced infiltration of river water Several irrigation
systems producing more than 400 gpm have been developed by con-
necting two or three 4-inch driven wells spaced about 15 feet apart
and operating them as a single unit

Alluvium 1n the tributaries of the Ohio 1s generally finer grained
than that of the Ohio Valley and consists of clay, silt, fine sand,
and a small amount of gravel. Gravel has been penetrated in several
wells along the Green River, but the extent of these deposits 1s not
known. The highest known yield from any well in the alluvium of
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the tributaries 1s 56 gpm. Other wells yield enough for domestic
supphes. The alluvium in the smaller tributaries 1s commonly thin
and very fine grained and yields only small amounts of water.

Table 2 shows the correlation of data from 146 wells 1n alluvium.

TABLE 2 —Correlation of data from 146 wells in alluvium

Any two 1tems of well data may be correlated by locating the number in the
square formed by the intersection of the column and row of the two items
Bach such number 1s the number of wells 1n which the two items occur
simultaneously Example 15 wells are 75 to 150 feet deep, and were
reported to yield water containing objectionable amounts of iron, or, of
34 wells that are 75 to 150 feet deep, 15 are reported to yleld water containing
objectionable amounts of 1ron, or, of 35 wells that are reported to yield water
containing objectionable amounts of iron, 15 are 75 to 150 feet deep

The sum of all numbers i1n each large rectangle enclosed by heavy lines 1s
equal to the number of wells in consideration

The sum of each column of numbers 1n rectangles enclosed by heavy lines 1s
1n the square at the base of each column

The sum of each row of numbers in rectangles enclosed by heavy lines 1s 1n
the square to the left of each row

03512"5(1050__ 34 //7 - -]=-1-110] 8{15{ 1 9|25|31| 3} - |34] - |34} 4|30
25-75 _____ 78 7/ 5| 2] - 5145)18]| 3| - 2)76177| 1) - ]78] - 178} 16|62
75-150 . ___ ___ 34116 | - 1, 2712 2] 1} - ~-|34|34| ~| - |[34] 1{33/15]19

Y‘fo‘%ﬂprn ________ 21 /// //A A//// -l21|21] - | - (21} 1|20} 11|10
50-100gpm_ _ ___ _____ 27774747 BEREBEEBEEE
25-50gpm _ ___________ 1 %/ A /j/ ZREBERNEREREREE
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Domestic powerpump . — . _ __ _ 67 // // ] 2(65(66| 1| - |67] - [67] 18|49
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Ballerorbucket _ __ _ _ _ __ __ ____ _________| 19 /A 611318 1| - 19| - j19) 2117
Inadequate_ - — — _ — . _ _ e 1] v -] b -f-j1)-11]-q2

Dgg:r;dggn-l_ntz_(_ripfrieg) ____________________ 11 /A 100 1| -1]11]-411] 24 9
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WATER IN THE BEDROCK

The only bedrock aquifers in the Western Coal Field region that
are known to produce more than 100 gpm are the Anvil Rock sand-
stone member of the Lisman formation and the Caseyville sandstone.
Yields as much as 250 gpm have been reported from the Caseyville,
although the average 1s much less. Generally the Anvil Rock sand-
stone member yields less than 20 gpm. The other bedrock aquifers mn
the Western Coal Field region generally yield considerably smaller
quantities of water than the Caseyville; 20 gpm seems to be about
the maximum amount that can be expected, and commonly much less
is obtained with constant pumping. Generally, more than half of
the bedrock wells will produce enough water for modern domestic use,
and a large number are equipped for such use. Few of the wells
yield so little water as to be inadequate for hand pumps and bailers.
Less than 3 percent of the wells are reported to have gone dry at any
time, and most of these either were originally inadequate or produced
only small amounts of water. Some wells are reported to go dry
when the water level drops below the intake of the pump ; many such
wells would yield sufficient water 1f the pump intakes were set deeper.
Most of the unsuccessful wells are dug wells or drilled wells less than
75 feet deep. Table 3. shows the specific capacities of 11 wells in

TaBLE 3 —Specific capacities of wells in the Western Coal Field region

Maxi- | Specific | Length of test
Average | mum | capacity
County Aquifer Date yield draw- F

(gpm) down per ft) Hours | Min-

(feet) utes
Carbondale formation...| Nov 10,1954 62 61 10 0 43
Tradewater formation___| Nov 11,1954 60 59 10 0 34
Tradewater formation I..|...coeaooo. 13 59 b2 PR S
Caseyville sandstone.-..| Nov 16,1954 3120 6 67 9 3 1 50
Alluvium_ .. ... Nov 15,1954 114 15 76 1 0
Caseyville sandstone._..| Apr 12,1956 40 87 [ 2 P 15
Alluvium ' ____. July 2,1949 325 12 27 4 0
40 50 24 [
25 [ N R, A
4317 49 4 0
do. do 24 5 88 4 1]
Anvil Rock sandstone | Nov 2,1954 87 670 1 1 0

member of Lisman
formation

Lisman formation I.___.. Sept 30,1952 155 24 5 (L2 P 30
Lisman (?) formation I.._| Aug 17,1950 75 16 [ P, 4
Carbondale formation !._| Sept 28,1949 5 35 ) I P, 15
_____ 40cecececncncacca--| Nov 7,1949 4 60 ) I PR, 10
Caseyville sandstone....| Nov 4,1954 99 90 2 11 2 0
Carbondale formation__.| Sept 26,1952 89 14 9 6 23 45
Caseyville sandstone.-.. 9, 54 2 5 3 2 8
50 335 15 6 30
45 830 5 4 45
92 17 0 5 2 0
59 67 0 9 3 15
do 217 40 7 1 4
Caseywille sandstone. .. 110 26 0 42 2 20
Union....- Caseyville sandstone !___|_ .. _._._.___ 50 520 b U P
Webster_.. -| Dixon sandstone 3____.__ Nov 3,1954 289 740 1 2 35
DO —coeee Caseyville sandstone_...| Dec  7,1953 13 55 2 24 4 0

1 Harvey (1956, table 11)
3 Total capaclty (see Meinzer, 1923b, p 62)
3 Of Glenn (1912)
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alluvium and 17 wells in bedrock. Few springs were inventoried
n this study, as they form a very minor source of supply in this area.
Most yield only very small quantities of water, but some may be ade-
quate for a modern domestic supply. Generally however, the yields
of the springs fluctuate much more than the yields of wells, and many
may be dry during the late summer and fall. Table 4 shows the
correlation of data from 567 drilled wells in bedrock.

Eaplanation of data for tabdle 4, which 18 1n pocket
Any two items of well data may be correlated by locating the number in the
square formed by the intersection of the column and row of the two 1tems.
Each such number is the number of wells 1n which the two items occur
simultaneously Example. 2 wells are 150 to 300 feet deep and are inadequate;
or, of 103 wells that are 150 to 300 feet deep, 2 are 1nadequate, or of 14 wells
that are inadequate, 2 are 150 to 300 feet deep
The sum of all numbers 1n each large rectangle enclosed by heavy lines 1s
equal to the number of wells 1n consideration
The sum of each column of numbers 1n rectangles enclosed by heavy lines is
1n the square at the base of each column
The sum of each row of numbers 1n rectangles enclosed by heavy lines 1s in
the square to the left of each row
Availability of ground water in the bedrock depends chiefly on the
character, thickness, and depth of the aquifers penetrated and to a
limited extent on the topographic situation of the well. Most of the
bedrock aquifers in the Western Coal Field region are sandstone.
They vary i thickness and composition, and they may thin to a
featheredge and disappear in very short distances. They may be
friable and highly permeable, or they may contain such large amounts
of shale or cementing material that they yield only small amounts of
water. In the Western Coal Field region the thickness and character
of geologic units may change greatly over short distances. A given
unit may be a thick sandstone at one locality, whereas at another
point a few miles away it may consist chiefly of shale. Thus, the
availability of water in any geologic unit may range widely. The
depth to the aquifer largely determines the cost of drilling the well
and may influence the quality of water obtained, inasmuch as saline
water 1s present at depth. The depth to the aquifer also may in-
fluence the amount of water obtained if the water occurs in fractures,
which generally become smaller with increasing depth. Topography
seems to have little effect on the availability of ground water in the
Western Coal Field region, except for shallow-water bodies penetrated
by dug wells and some shallow drilled wells. Shallow wells on hills
are apt to go dry, but most of the drilled wells penetrate below the
zoné of water-table fluctuation.
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Of the 567 drilled bedrock wells inventoried, 522, or 92 percent,
were less than 300 feet deep. Only 26 were reported inadequate for
any purpose or were reported to have gone dry at any time. Figure
8 shows the percentage distribution of yields of 567 drilled wells in
bedrock, by depth.

. DETERMINING THE AVAILABILITY OF GROUND WATER AT A
GIVEN SITE

The maps, cross sections, and columnar sections in this report and
1 the five atlases of the hydrologic investigations series (Maxwell
and Devaul, 1962a, b, ¢, and Devaul and Maxwell, 1962a, b) covering
the Western Coal Field region, are designed to indicate the probable
avallability of ground water at any given site. Determination of
exact conditions in the region 1s especially difficult because of the great
variations imn thickness and character of aquifers within short dis-
tances. It 1s obvious that a brief reconnaissance such as that on which
this report 1s based can determine only the probable conditions at any
particular site where a well or test hole does not already exist.
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A yield of 500 or more 1s assumed to be sufficient for maximum
normal modern household use, as when a power-pump and pressure
system are used. A yield of 100 gpd 1s assumed to be a mimimum
supply for household use but 1nsufficient for a power-pump and pres-
sure system A yield of less than 100 gpd 1s assumed to be insufficient
for any use.

The region 1s divided into five areas of ground-water availability.
The areal extent of these subdivisions 1s shown on the five atlases of
the hydrologic investigations series covering the Western Coal Field
region.

Area 1 1s confined to the Ohio River valley, most of which 1s under-
lain by relatively thick sections of sand and gravel that will yield
at least 50 gpm, or about 70,000 gpd, to most wells at depths of less
than 150 feet. Many wells will yield several hundred gallons per
minute to properly screened wells. Almost all wells in this area will
yield enough water for a modern domestic supply having a power-
pump and pressure system (500 gpd or more).

In area 2 most wells yield enough water from depths of less than
300 feet to supply domestic needs where a power-pump and pressure
system 1s used. This area includes the largest part of the bedrock
area 1n the region, some of the alluvium along the Ohio River in
which larger yields are not expected, and much of the alluvium along
the larger tributaries. Some wells 1n area 2 will yield enough water
for public and 1ndustrial supplies; some will not yield enough even
for a modern domestic supply.

In area 3 most wells will yield enough water from depths of less
than 300 feet to supply domestic needs when a bucket, bailer, or hand
pump 1s used (100 to 500 gpd). This area covers those parts of the
region which appear to be underlain by shale, sandy shale, and lime-
stone, and where few wells are known to yield large supplies of water.
Even 1n this area, however, some wells will yield enough water to
supply domestic needs when a power-pump and pressure system 1s
used ; a few, on the other hand, will not yield even enough for a hand
pump, bucket, or bailer.

In area 4 most wells fail to supply enough water for domestic use
from depths of less than 300 feet; that is, they yield less than 100
gpd. Few wells mventoried fall into this category, and no large areas
have been found in which this condition exists Such areas seem to
occur only where there are thick sections of unfractured shale and
well-cemented sandstone.

In area 5 the yield of wells 1s unpredictable, commonly because of
faulting.
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The availability maps 1n the atlases by themselves indicate ground-
water conditions 1n a very general way. However, much better
mformation can be obtained by using the availability maps in con-
junction with the geologic maps, cross sections, and stratigraphic
columns included i1n the atlases and in this report. For example,
at Millport, Muhlenberg County, the availability map of Devaul
and Maxwell (1962b) indicates that more than half of the wells
will yield enough water for a modern domestic supply at depths
of less than 300 feet. Well data on the availability map show that
a dug well at Millport, 23 feet deep and equipped with a power
pump, obtamns water from the Lisman formation. A drilled well
about 2 miles north of Millport, flowing 4 gpm, also yields water
from the Lisman formation. The geologic map of Devaul and Max-
well (1962b) indicates that the Lisman formation 1s at the surface
in this area, and the geologic section (fig. 5 of that report) indicates
that the base of the Lisman 1s at an altitude of about 175 feet
above sea level, or about 240 feet below the land surface. The
Lisman formation in this vicinity probably contains a fairly thick
sandstone section 1n 1ts upper part, underlain by interbedded sand-
stone, shale, coal, and limestone to the base of the formation. The
Anvil Rock sandstone member, about 20 feet thick, 1s near the base
of the Lisman The Anvil Rock generally yields enough water for
a modern domestic supply.

Considering all of the above information, it may be reasonably
assumed that a well drilled to a depth of about 100 feet in this
place may yield enough water for a domestic supply. If a well
100 feet deep does not yield enough water, the well can be deepened
to penetrate the Anvil Rock sandstone member, which probably will
yield additional water Fresh water that 1s adequate for a large
public or industrial supply probably 1s not available in this locality,
because the Caseyville sandstone, which 1s the only other bedrock
formation known to yield relatively large supplies i the region, is
more than 1,000 feet below the surface Fresh water 1s rarely ob-
tained from such depths in this region

SUGGESTIONS FOR FURTHER STUDIES

Additional, more detailed investigations of the availability of
ground water will be needed in different areas as demands for water
increase Some of these areas will be determined by the increased
need for water by consumers, such as cities and industries, that
are already established However, new mndustries generally will be
established in areas where an adequate supply of water is known to
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be available. Irrigation of crops, which seems to be increasingly
important in Kentucky, also will be stimulated by information on
availability of ground water.

Only one area in the Western Coal Field region seems promising
as a source of very large supplies of ground water for large cities
and industries—the alluvium along the Ohio River flood plamn. A
more detailed investigation of this area is already underway.

Enough ground water for smaller public supplies and industries
may prove to be available from alluvial deposits along the Green
River and its major tributaries. Little information is now avail-
able on the character of these alluvial materials or the amount
of water that may be obtained from them.

As indicated above, the Anvil Rock sandstone member of the
Lisman formation and the Caseyville sandstone are known to yield
more than 100 gpm 1n some areas. An investigation to determine
additional areas where such yields can be expected may be warranted.
The occurrence of fresh water in the Caseyville at depths approach-
ing 1,000 feet is of particular interest.

Saline water, which is unsuitable for most uses, is being used in
places for water drive in the secondary recovery of oil. An investi-
gation of the availability of this water would be of considerable
interest to the oil industry of the region

METHODS OF OBTAINING GROUND WATER
SPRINGS

Few springs were inventoried in the Western Coal Field region,
as they are a minor source of water. Of the springs inventoried,
probably most would not supply enough water for domestic use
where a power-pump and pressure system was used. However, if
adequate storage is provided, some of the springs may yield enough
for such use.

DUG WELLS

In some areas dug wells are a common source of water. Where
water from deeper aquifers is not obtainable or is of poor quality,
dug wells or cisterns must be used. Because most dug wells are
shallow and penetrate only a short distance below the water table,
they are apt to go dry in dry weather. Only a few of the dug
wells inventoried would produce enough water for a modern domestic
supply. Unless properly constructed, dug wells are easily contami-
nated from surface sources.
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DRILLED WELLS

In the Western Coal Field region most wells are drilled. Most
of those inventoried were drilled by the cable-tool method, although
a few in alluvium were drilled by the rotary method.

Most of the wells in bedrock are only 6 inches in diameter. Some,
which furnish industrial or public supplies, are as much as 12 inches
in diameter. The wells are commonly cased down to bedrock but
may be cased a considerable distance into the bedrock. If the aquifer
occurs below a coal bed, the casing may be driven down below the
coal. If a soft shale is penetrated before reaching the aquifer, the
casing may be driven through the shale to prevent the collapse of the
hole.

Wells drilled into alluvium generally have a screen as part of
the casing. The type of material and size of openings of the screen
should be determined after study of drill cuttings and analysis of
a water sample.

Driven wells are common 1n the alluvium. Most are 114 to 2
inches 1n diameter. They range in depth from about 25 feet to a
reported 99 feet, although most are less than 40 feet deep. Several
4-inch driven wells have been installed to obtain water for irrigation.

QUALITY OF WATER

Figure 9 shows the quality of water in the region by means of
bar diagrams based on the median values of several constituents
determined by partial and comprehensive chemical analyses of water
samples from different aquifers. Because median values of large
groups are used, the anion and cation bars of the composite analysis
for each aquifer do not agree. Median values are used 1n pre-
ference to averages in order to offset very high values of dissolved
solids in some samples which are not typical. Table 5 is a summary
of comprehensive analyses of ground water, by formation, in the
Western Coal Field, and table 6 describes the significance of dis-
solved mineral constituents and physical properties of natural water.

The water in the shallow bedrock aquifers of the region generally
15 of the sodium bicarbonate or the calcium bicarbonate type. At
greater depths the calcium bicarbonate water becomes less common,
and the water usually 1s more highly mineralized and is of the sodium
bicarbonate or sodium chloride type Almost all the sodium chloride
water is too highly mineralized for domestic use. Saline water
has been found at depths as shallow as 100 feet, but fresh water has
been obtained from the Caseyville sandstone at depths approaching
1,000 feet. Water from the bedrock generally is soft to moderately
hard, but 1t may contain undesirable amounts of iron.
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TABLE 5 —Summary of analyses of ground water wn the Western Coal Field regwon, Kentucky

[Analyses by U S QGeological Survey Dissolved constituents given 1n parts per million]

= « -
o o — 3 Hardness as | S
_ 2 = g . 12| = = |~ 3| % CaCO; | 2073
'~ [&) g . 8 ‘;)’ S 9 = Z @a 9]4
Geologic unit S| 4 = 3 Z g as | 8 @ ~ Z o 8o H
a1 8| 8§ | 85 | = = |88 3 3 | 8] 3 | B 23| 8¢
Q ~ 2 g - = § 'go 2 = 5 E = 3 = CENEE: §
£lg| 2 82 | 3 g | 8% 3 = | 3| 5| 2| E [58]858]
@ | & 9 = & I A o & o > Z, A B |z |w )
Quaternary alluvium
Determmations..._._____ 28 |28 28 28 21 21 28 | 28 28 28 28 28 28 28 28 281 28
22 {26 152 50 88 57 639 .. . 155 84 6 9 691 564 | 209 | 1,060 80
15 43 8 29 18 13 3421 0 46 14 2 52 380 312 44 636 . ...
3 1 41 58 38 5 104 |- 8 21 0 0 174 126 0 289 6 4
2 2 2 2 2 2] 2 2 2 2 2 2 2 1 2 2
76 115 67 47 90 442 |______ 272 16 |oooo-- 13 790 564 [ 1,060 69
48 95 47 38 50 38| 0 205 98 1 7 608 429 | 200 850 ...
20 74 27 28 10 254 |- 137 35 oo 1 425 204 {____._ 640 67
15 15 15 11 11 15 15 15 15 15 15 15 15 12 15] 15
69 128 61 909 33 1,040 | 30 1,450 830 15| 115 2,990 530 | 146 3,810 82
20 50 25 253 53 457 | 38 171 83 5 20 805 221 17 1,240 |
09 16 5 62 6 46| 0 7 251 0 1 86 6 0 110 66
Carbondale formation
Determinations.._.______ 9 9 9 9 2 2 9| 9 9 9 9 9 9 9 8 9 9
aximum... 31 44 112 73 39 36 824 | 41 156 42 10 29 742 580 201 1200 82
Average__. 14 12 56 24 34 34 5101 7 28 16 5 78 501 236 3 825 | _...__
Minimum 40 20 10 24 28 32 1771 0 10 24 2 0 197 35 0 325 70
Tradewater formation
Determinations .....____ 17 17 17 17 17 17 17 1 17 17 17 15 15 17 16 11 171 17
37 |16 208 190 6, 350 64 1,660 | 30 1,740 8,680 77 64| 17,300 1,300 531 | 24,700 84
21 19 36 25 740 69 461 56 268 809 11 8 , 1. 166 57 , 180 1. _____
53 05 10 3 73 6 41 0 3 29 1 0 89 4 0 259 61
8 8 8 8 7 7 8] 8 8 8 8 8 8 8 8 8 8
22 (37 52 11 278 32 6151 98 43 173 13 57 668 175 31 1, 100 87
14 59 14 5 146 17 3121 85 20 40 5 10 387 56 10 637 ...
96 08 8 2 44 8 581 0 13 221 0 0 112 3 0 186 65
Upper Mississippian
Determinations....._.._. 5 6 6 6 6] 6 6 6 3 3 3 3 6 4
Maximum._ ... 14 46 2,750 1,030 36, 400 3, 530 432 | 16 3,180 63, 000 15 2] 83,800 830 | 475 | 88,600 79
AVerage. o occocccaaaaoo 1 17 570 244 12, 320 642 207 | 3 1,220 19, 600 12 2 | 28,600 300 | 156 | 34 800 |..____
Mmmum._______________ 87 08 69 29 49 7 38 0 11 1 1 32: 34 0 96 59
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TABLE 6 —Significance of dissolved mineral constituents and physical properties of natural water

Source or cause

Dissolved from practically all rocks
and soils, usually 1n small amounts,
1-30 ppm High concentrations,
as much as 100 ppm, generally are
found 1n highly alkaline water

Dissolved from practically all rocks
and soills May be derived also
from 1ron pipes, pumps, and other
equipment More than 1 or 2 ppm
of soluble iron 1n surface water usu-
ally indicates acid wastes from
mine drainage or other sources

Constituent or physical property
Sthica ($10g) - - __ . _____

Iron (Fe).__ . .___.__

Dassolved from some rocks and soils
Not so common as wron Large
quantities often associated with
high 1ron content and with acid
water

Dissolved from practically all soils
and rocks, but especially from lime-
stone, dolomite, and gypsum Cal-
cium and magnesium are found 1n
large quantities 1n some brine
Magnesium 1s present 1n large
quantities 1n sea water

Dissolved from practically all rocks
and sols Found also 1n ancient
brine, sea water, some 1ndustral
brine, and sewage

Manganese (Mn)_.._.____

Calcium (Ca) and magne-
sium (Mg)

Sodium (Na) and potas-
sium (K)

Sgnificance
Forms hard scale 1n pipes and boiers Cairied over in steam of
high-pressure boilers to form deposits on blades of steam tur-
bines Inhibits deterioration of zeolite-type water softeners

On exposure to air, 1ron 1n ground water oxidizes to reddish-brown
sediment More than about 03 ppm stams laundry, utensis,
and fixtures reddish-brown Objectionable for food processing,
beverages, dyeing, bleaching, 1ce manufacture, brewing, and other
processes  Federal drinking-water standards (U S Public Health
Service, 1946) state that iron and manganese together should not
exceed 0 3 ppm Larger quantities cause unpleasant taste and
favor growth of iron bacteria

Same objectionable features as iron Causes dark-brown or black
stain  Federal drinking-water standards provide that iron and
manganese together should not exceed 0 3 ppm

Cause most of the hardness and scale-forming properties of water,
soap-consuming (See Hardness) Water of low calcium and
magnesium content are desired in electroplating, tanning, dye-
1ng, and textile manufacturing

Large amounts, 1n combination with chloride, give a salty taste
Moderate quantities have little effect on the usefulness of water
for most purposes Sodium salt may cause foaming 1n steam
boilers and a high sodium ratio may limit the use of water for
rrigation
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Bicarbonate (HCO;) and Produced by action of carbon dioxide
carbonate (COy) 1 water on carbonate rocks such
as limestone and dolomite

Sulfate (8O) e - Dissolved from rocks and soils con-
taming gypsum, 1ron sulfides, and
other sulfur compounds Usually
present 1n mine water and 1n some
mdustrial wastes

Chlonde (Cl) - oo .- Dissolved from rocks and soils  Pres-
ent 1n sewage and found in large
amounts 1n ancient brine, sea
water, and mdustrial brine

Dissolved 1n small to minute quan-
tities from most rocks and soils

Fluoride (F) .. ... _______

Nitrate (NOg) - ______ Originates 1n decaying organic mat-
ter, including sewage, and nitrate

fertihizers

Bicarbonate and carbonate produce alkalinity Bicarbonates of
calclum and magnesium decompose 1n steam boilers and hot-
water facilities to form scale and release corrosive carbon dioxide
gas In combination with calcium and magnesium cause car-
bonate hardness

Sulfate 1n water containing calcium forms hard scale in steam
bollers In large amounts, sulfate in combination with other 10ns
gives bitter taste to water Some calcium sulfate 1s considered
beneficial in the brewing process Federal drinking-water stand-
ards recommend that the sulfate content should not exceed 250
ppm

In large amounts 1n combination with sodium gives salty taste to
drinking water In large quantities increases the corrosiveness
of water Federal drinking-water standards recommend that the
chloride content should not exceed 250 ppm

Fluoride 1n drinking water reduces the incidence of tooth decay
when the water 1s consumed during the period of enamel caleifi-
cation However, when consumed regularly by children it may
cause permanent mottling of the tooth enamel, according to the
concentration of fluoride, age of the child, amount of drinking
water consumed, and susceptibility of the individual (Maier,
1950, p 1120-1132)

Concentrations much greater than the local average may suggest
pollution  There is evidence that more than about 45 ppm of
nitrate (NO;) may cause a type of methemoglobinemia (‘“blue
baby’’ disease) in infants, sometimes fatal Water of high nitrate
content should not be used 1n baby feeding (Maxcy, 1950, p
265, app D) Nitrate has been shown to be helpful in reducing
intercrystalline cracking of boier steel It encourages growth of
algae and other organisms which produce undesirable tastes and
odors
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TABLE 6 —Sgneficance of dissolved maneral constituents and physical properties of natural water— Continued

Constituent or physical property

Dissolved sol

Hardness as

Specific conductance (mi-

ds_ .

Ca003 ______

cromhos at 25° C)

Hydiogen-ion concentra-

tion (expre

Temperature

ssed as pH)

Source or cause

Chiefly mineral constituents dis-
solved from rocks and soils In-
cludes any organic matter and
some water of erystallization

Nearly all the hardness of most water
1s due to caleium and magnesium
All the metallic cations other than
the alkali metals also cause hard-
ness, as does free acid

Mineral content of the water_______

Acids, acid-generating salts, and free
carbon dioxide lower the pH  Car-
bonate, bicarbonate, hydroxide,
phosphate, silicate, and borate
raise the pH

Affects usefulness of water for many purposes

Signaificance

Federal drinking-water standards recommend that the dissolved

solids should not exceed 500 ppm Water containing more than
1,000 ppm of dissolved sohids 1s unsuitable for many purposes

Consumes soap before a lather will form Deposits soap curd on

bathtubs Hard water forms scale 1n boilers, water heaters, and
pipes Hardness equivalent to the bicarbonate and carbonate
15 called carbonate hardness Any hardness 1n excess of this 1s
called noncarbonate hardness Water having a hardness up to
60 ppm 1s considered soft, 61 to 120 ppm, moderately hard, 121
to 200 ppm, hard, and more than 200 ppm, very hard

Specific conductance 1s a measure of the capacity of the water to

conduct an electric current, 1t varies with concentration and
degree of 1omzation of the constituents Varles also with tem-
perature, reported at 25° C

A pH of 7 0 1ndicates neutrality of a solution Values higher than

7 0 denote increasing alkalinity, values lower than 7 0 indicate
increasing acidity pH 1s a measure of the activity of the hydro-

gen ons Corrosiveness of water generally increases with decreas-
mg pH However, excessively alkaline water also may attack
metals

For most uses,
water of unformly low temperature 1s desired Shallow wells
show some seasonal fluctuations 1n water temperature Ground
water from moderate depths usually 1s nearly constant in tem-
perature, which 1s near the mean annual air temperature of the
area In very deep wells the water temperature generally in-
creases about 1° F with each 50 to 100 feet of increased depth
Seasonal fluctuations in temperatures of surface water are com-
paratively large but do not reach the extremes of an temperature
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Water from the alluvium 1s generally of the calcium bicarbonate
type and 1s generally harder and contains more iron than water from
the bedrock. However, water from most wells 1n the alluvium 1s
suitable for domestic use. No saline water was reported from any
of the wells 1n alluvium.
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