








GROUND-WATER FLOW­
Continued 

Water that leaks downward across shale or other low-per­
meability confining units is present under confined conditions. 
Water in wells that penetrate an artesian aquifer rises above 
the top of the aquifer and can flow at the land surface. Con­
fined conditions frequently occur in the troughs of the gently 
warped synclines that characterize parts of the Appalachian 
Plateaus (fig. 91). The figure shows an aquifer that is over­
lain and underlain by less-permeable material with recharge 
areas at a higher altitude than the central, down-folded part 
of the aquifer; thus, the water is under pressure. The poten­
tiometric surface, which represents this pressure, is defined as 
the height to which water will rise in tightly cased wells that 
penetrate the aquifer. The potentiometric surface is drawn 
down around a flowing well or a well that is being pumped 
because of the release of part of the pressure. 

Fresh ground water generally circulates only to shallow 
depths in the Appalachian Plateaus Province. In much of the 
area, saline water or brine is not far below the land surface with 
only a thin transition zone between the freshwater and saltwa­
ter. In the Pittsburgh, Pa., area, wells drilled deeper than 100 
feet below the level of the nearest major stream might yield 
saline water. The discovery of saltwater springs in the 18th 
century led to a flourishing salt industry in West Virginia. The 
origin of the brine that feeds the springs is uncertain, but one 
possible explanation is that salt has been leached from depos­
its of rock salt and other evaporites. Such deposits are in the 
Upper Silurian Salina Group, which underlies much of west­
ern Pennsylvania, and in the Wills Creek Shale of Maryland, 
West Virginia, and Virginia. The brine might move upward 
along deep-seated fractures. 

The presence of brine in the Appalachian Plateaus Prov­
ince compared to its near-absence in the Valley and Ridge 
Province also might be attributed to the following factors that 
determine the relative effectiveness of flushing of the brine 
by freshwater: 
• In the Appalachian Plateaus, extensive, almost flat-lying con­

fining units of shale, siltstone, clay, and dense limestone 
effectively impede the vertical movement of water. This 
is especially true of the Pennsylvanian rocks, which cover 
a large part of the area. 

• The aquifers and confining units are not as intensely frac­
tured in the Appalachian Plateaus as in the Valley and 
Ridge. The fractures also decrease in number with depth, 
and the circulation of water likewise decreases with depth. 

• Most of the Appalachian Plateaus lacks the thick, solution­
riddled carbonate-rock aquifers of the Valley and Ridge; 
such aquifers are conduits for the vigorous circulation 
of water. 
The rocks of the Appalachian Plateaus are only mildly 

deformed compared to those of the Valley and Ridge. The 
lower part of the geologic section is, therefore, not brought 
near the land surface by thrust faults or overturned folds and 
is unable to receive freshwater as recharge or to readily dis­
charge entrapped fluids, such as brine. 

In the Central Lowland Province, very saline water is at 
shallow depths in the consolidated rocks below the glacial drift. 
The bedrock is generally low-permeability Devonian shale and 
is an extension of deeply buried formations that contain sa­
line water in the Appalachian Plateaus Province. The younger, 
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Figure 93. Water from undifferentiated sedimentary-rock 
aquifers, chiefly sandstone and shale, of the Appalachian Plateaus 
Province (A) contains smaller concentrations of calcium and mag­
nesium than water from carbonate-rock aquifers (B). 

Figure 94. Coal mining generates 
Large quantities of waste material called 
spoil, which commonly contains sulfate 
minerals. The spoil is mounded in large 
piles on the Land surface where it is 
exposed to decomposition by the action 
of air, water, and bacteria. ·Weathering 
products include sulfuric acid, ferrotLs 
iron, manganese, and trace metals, 
which, when leached by precipitation, 
can infiltrate the ground and 
contaminate aquifers. 
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more permeable bedrock formations that contain most of the 
freshwater circulation system in the Appalachian Plateaus 
Province have been eroded away in the Central Lowland Prov­
ince. 

FACTORS THAT AFFECT 
GROUND-WATER FLOW 

Underground mining of coal disturbs the natural ground­
water flow system when the mines are active because artifi­
cial drains are constructed to dispose of unwanted water and 
mining activities can create new fractures and thus increase 
permeability. The regional water table can be lowered when 
the drains are effective, and ground-water flow directions can 
be changed in some cases until flow moves across former 
ground-water divides into adjoining basins. Ground water tends 
to flow toward mines, which are usually dewatered by pump­
ing. Adverse effects of mine drainage on well yields are great­
est where the mines are not much deeper than the bottoms of 
the wells and where vertical fractures connect the aquifers and 
the mines. Abandoned mines can collapse, which causes frac­
turing of the rocks that overlie the mine and might be accom­
panied by an appreciable depression on the land surface. 
These conditions are likely to enhance recharge to the ground­
water system and to reduce surface runoff and evapotranspi­
ration. 

Uncased boreholes that penetrate several aquifers, which 
might have different heads, provide artificial interconnections, 
or "short circuits," between the aquifers. The water that en­
ters the borehole from aquifers with higher heads moves up 
the borehole and then laterally into aquifers with lower heads 
so that the composite head in the well is different than that in 
each of the aquifers. Flow within the borehole will continue, 
even when the well is not being pumped, until the head in the 
two aquifers becomes equal. The freshwater flow system of an 
area can be significantly altered where numerous uncased 
wells exist and may result in a change in the potentiometric 
surface. 

Although bedrock formations in the Appalachian Plateaus 
Province can be traced over many miles, the distribution of lo­
cal aquifers within these formations depends, in most cases, 
on the distribution of fracture permeability. Erosion is one fac­
tor that controls the distribution of fractures. Local aquifers, 
in some cases, are in valleys {fig. 92). Near-vertical tensile 
fractures and horizontal fractures are associated with slump­
ing that takes place along valley walls, and recharge tends to 
be concentrated by the fractures. Under the valley floors, the 
most significant fractures are parallel to bedding, or nearly 
horizontal. Relief of compressional stress results when the 
weight of the rock that overlies a valley is reduced, because 
part of the rock is removed by erosion. This causes the remain­
ing rock to separate along bedding planes and also results in 
the formation of vertical fractures. Fractures that underlie the 
valley are interconnected with those along the valley walls, and 
the interconnected fracture set enhances the permeability of 
the rock. Away from the valley walls, fractures are scarce and 
less likely to be interconnected; accordingly, wells in these 
areas will tend to have lower yields than those in the valleys. 
Furthermore, water in the shallow fractures on hilltops tends 
to drain in dry seasons, and yields of some wells might accord­
ingly decline. In general, well yields are directly proportional 
to the number of interconnected fractures. 

GROUND-WATER QUALITY 

The chemical quality of water in the freshwater parts of 
the bedrock aquifers of the Appalachian Plateaus Province is 
somewhat variable but generally is satisfactory for municipal 
supplies and other purposes. Most of the water in the upper 
parts of the aquifers is not greatly mineralized and is suitable, 
or can be treated and made suitable, for most uses. Saline 
water commonly is in the aquifers at depths of only a few hun­
dred feet below the land surface. 

The undifferentiated sedimentary-rock aquifers consist 
principally of sandstone and fractured shale and coal. Most of 
the minerals that compose these aquifers do not readily dis­
solve, and the water is a calcium sodium bicarbonate type 
(fig. 93A). Dissolved-solids concentrations are small and aver­
age only about 230 milligrams per liter. Hardness averages 
about 95 milligrams per liter, which is considered to be moder­
ately hard. Water from predominately shale aquifers in Penn­
sylvania is reported to be hard, whereas that from predomi­
nately sandstone aquifers is reported to be soft. The median 
hydrogen ion concentration, which is measured in pH units, 
is 7 .3. The median iron concentration is about 0.1 milligram 
per liter, but concentrations as large as 38 milligrams per liter 
have been reported. 

Carbonate-rock aquifers consist mostly of calcium and 
magnesium carbonate minerals, which are readily soluble and 
affect the chemical composition of the ground water. Limited 
data show that dissolved-solids concentrations in water from 
carbonate-rock aquifers in the Appalachian Plateaus Province 
average about 180 milligrams per liter, and hardness averages 
about 1 70 milligrams per liter, which is considered to be hard. 
The median hydrogen ion concentration, which is measured 
in pH units, is 7.5 {slightly basic). The median iron concen­
tration is near zero. Water in these aquifers is mostly a calcium 
bicarbonate type (fig. 938). . 

Contamination of ground water by the improper construc­
tion or plugging of oil and gas wells is a common problem in 
the Appalachian Plateaus Province. The area is the cradle of 
the oil industry in the United States; drilling for oil began in 
the 1860's, and drilling for brine began even earlier. Natural 
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Figure 91. Flowing wells are common in synclinal valleys of 
the Appalachian Plateaus. The water in the aquifer is confined by 
less-permeable material, is under pressure, and rises above the top 
of the aquifer (well A). Wells at lower altitudes might {low at the 
Land surface (well B) . 
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partly removed by erosion of overlying rocks; this results in the 
{ormation of predictable fracture patterns in valleys. The fractures 
are generally horizontal under valley floors and vertical along val-
Ley walls. The interconnected fracture system greatly increases the 
permeability of the rocks, especially in the valleys. 

brines are associated with accumulations of oil and gas and 
are at shallow depths in many places. Wells that penetrate 
aquifers that contain brine, if not properly cased and cemented, 
can provide conduits for the brine to enter shallower freshwa­
ter aquifers. It was once a common practice for brine produced 
with oil and gas to be discharged into open pits from which it 
seeped downward to contaminate fresh ground-water bodies. 
Such practices are generally prohibited now, but effects of the 
past remain. 

In coal-mining areas, which in the Appalachian Plateaus 
Province are generally within the limits of Pennsylvanian rocks 
(fig. 88), ground water commonly includes water that has been 
in contact with mine workings or that has infiltrated and 
leached mine spoil piles (fig. 94). Water affected by coal-min­
ing operations is usually acidic. Sulfur-bearing minerals, such 
as pyrite, that are present in the coal are exposed to air in 
mines and spoil piles, and the oxidized sulfur combines with 
water to form sulfuric acid. The acid water commonly contains 
large concentrations of iron, manganese, sulfate, and dissolved 
solids and is highly colored (fig. 95). An exception is in 
the southern coal fields of West Virginia where the coal is 
low in sulfur, mine drainage tends to be alkaline, and water 
from working or abandoned mines is commonly used for 
public supply. 

FRESH GROUND-WATER 
WITHDRAWALS 

Total freshwater withdrawals from consolidated sedimen­
tary-rock aquifers in the Appalachian Plateaus and the Cen­
tral Lowland Provinces were estimated to be 282 million 
gallons per day during 1985. About 47 percent of this amount, 
or about 133 million gallons per day, was withdrawn for do­
mestic and commercial supplies (fig. 96). About 116 million 
gallons per day, or about 41 percent of the total withdrawals, 
was pumped for industrial, mining, and thermoelectric power 
purposes; most of this water was used in coal mining opera­
tions. 

Figure 96. Most of the freshwater 
withdrawn from the consolidated 
sedimentary-rock aquifers in the 
Appalachian Plateaus Province 
during 1985 was used for domestic 
and commercial supplies and for 
industrial, mining, and thermo­
electric power purposes. 
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Figure 95. Drainage from an abandoned 
underground coal mine in western Pennsylvania is 
discolored by large concentrations of iron and other 
metals and is strongly acidic. The mine drainage 
pictured is at the land surface, where it pollutes 
streams, but some also enters and contaminates 
ground water. 
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