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FACTORS FOR CONVERTING INCH-POUND 
UNITS TO METRIC UNITS 

The following factors may be used to convert the.inch-pound units 
published herein to metric units. 

Multiply inch-pound units 

inch (in) 

foot (ft) 
mile (mi) 

2 
square mile (mi ) 
acre 

gallon (gal) 

million gallons (Mgal) 

cubic foot (ft3) 

by 

Length 

25.4 
0.0254 
0.3048 
1.609 

2.590 
0.4047 

Volume 

3.785 
0.003785 

3785 
0.003785 
0.02832 

cubic foot per second (ft3/s)28.32 
0.02832 

gallon per minute (gal/min) 0.06309 
0.0000063090 

million gallons per day 0.04381 
(Mgal/d) 

Temperature 

degree Fahrenheit (°F) 

To obtain metric units 

millimeter (mm) 
meter (m) 
meter (m) 
kilometer (km) 

2 
square kilometer (km ) 
hectare (ha) 

liter (L) 
(m3) cubic meter 

cubic meter (m3) 
(hm3) cubic hectomet3r 

cubic meter (m·) 

liter per second (L/s) 
cubic meter per second 
licer per second (L/s) 
cubic meter per second 
cubic meter per second 

degree Celsius (°C) 

3 (m /s) 

3 
(m3/s) 
(m /s) 

Specific Capacity 

gallon per minute per foot 
[(galjmin)/ft] 

foot per day (ft/d) 

0.2070 

Hydraulic 
Conductivity 

0.3048 

Transmissivity 

foot squared per day (ft2/d) 0.09290 

liter per second per meter 
[ (L/s) /m] 

meter per day (m/d) 

2 meter squared per day (m /d) 

Sea level: In this report "sea level" refers to the National Geodetic 
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum 
derived from a general adjustment of the first-order level 
nets of both the United States and Canada; formerly called 
"mean sea level of 1929." 
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GLOSSARY 

Selected Hydrologic and Mining Terms Defined 
to Help the Reader Understand the Report 

Hydrology and underground mining have their own terminology, 
and an understanding of certain terms is· essential when 
reading this report. The definitions of these terms have 
been simplified and shortened. If a more detailed definition 
is required, refer to Meinzer (1923), Langbein and Iseri 
(1960), Lohman and others (1970, 1972), Lee and Abel (1983), 
and Bates and Jackson (1984). 

ALLUVIUM--Unconsolidated deposits made by streams on river beds, flood 
plains, and alluvial fans. 

ANGLE OF DRAW--The angle formed by the vertical and a line drawn from 
the edge of the underground workings (ribside) to the point of zero 
subsidence on the·ground surface. 

ANTICLINE--An upward fold in the rocks. 
AQUIFER--A rock formation that contains sufficient saturated permeable 

material to yield significant amounts of water to wells and 
springs. 

AQUIFER, CONFINED (ARTESIAN)--The water level in a well tapping a 
confined aquifer will rise above the top of the aquifer because 
of hydrostatic pressure. Water will flow when hydrostatic 
pressure exceeds the top of the well casing. 

AQUIFER, SEMICONFINED--The distinction between confined and unconfined 
water is entirely gradational. The term semiconfined is used for 
the intermediate conditions. The material overlying an aquifer may 
be semipermeable so that water is only semiconfined. 

AQUIFER, UNCONFINED--The water level in a well tapping an unconfined 
aquifer will not rise above the water table. 

BEDDING PLANE--Any plane in sedimentary rock, along which sediment was 
deposited simultaneously. 

BOTTOM--A lowland along a stream; an alluvial plain. 
COEFFICIENT OF STORAGE--The volume of water an aquifer releases, or 

stores per unit surface area of the aquifer, per unit change in 
head. 

COMPRESSION--Forces or stresses that tend to decrease the volume of, 
or shorten, a substance. 

CONFINING BED--A body of impermeable material stratigraphically adjacent 
to one or more aquifers. In nature, however, its hydraulic 
conductivity may range from nearly zero to some value significantly 
lower than that of the aquifer. 

DIP OF ROCK STRATA--The angle between the horizontal and the bedding 
plane; dip is measured in a vertical plane at right angles to the 
strike of the bedding (see strike of rock strata). 
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DRAWDOWN IN A WELL--The vertical drop in water level in a well caused 
by pumping. For example, the difference between static water level 
and the water level during pumpage. 

DRAWDOWN, RESIDUAL--The difference between the static water level 
before an aquifer test and the recovering water level during the 
test. 

EVAPOTRANSPIRATION--Water lost through evaporation from the soil and 
surface water bodies plus transpiration from plants. 

FAULT--A fracture in the Earth's crust accompanied by displacement of 
one side of the fracture with respect to the other. 

FRACTURE--A break in rock caused by compressional or tensional forces. 
GOB OR SPOIL--The refuse or waste rock material displaced by mining. 
GRADIENT, HYDRAULIC--The change of pressure head per unit distance from 

one point to another in an aquifer. 
GROUND WATER--Water contained in the zone of saturation. 
HEAD--Pressure, expressed as the height of a column of water that can 

be supported by the pressure. 
HYDRAULIC CONDUCTIVITY--The volume of water that will move in unit 

time (commonly, a day) under a unit hydraulic gradient (such as 
foot per foot) through a unit area (such as square feet), measured 
at right angles to the direction of flow. 

JOINTS--System of fractures in rocks along which there has been no 
movement parallel to the fracture surface. 

LINEAMENTS--Linear features on aerial photographs or imagery formed 
by the alignment of stream channels or tonal features in soil, 
vegetation, or topography. 

LOSING STREAM--A stream, or segment of a stream, that is contributing 
water to an underlying aquifer. 

MILLIEQUIVALENTS PER LITER--In an analysis expressed in milliequivalents 
per liter, unit concentrations of all ions are chemically 
equivalent. Milligrams per liter values may be converted to 
milliequivalents per liter by multiplying the concentration in 
milligrams per liter by the charge of the ion, and dividing by the 
atomic weight of the ion. 

MINING HEIGHT--The thickness of the rock extracted during mining. 
OVERBURDEN--Rock and soil overlying a minable coal bed. 
PERCHED WATER TABLE--A saturated zone of rock separated from an 

underlying body of ground water by unsaturated, relatively 
impermeable rock. 

PERMEABILITY, INTRINSIC--A measure of the relative ease with which 
a porous medium can transmit a liquid under a potential gradient. 

POROSITY--The ratio of the volume of interstices to the total volume. 
POROSITY, PRIMARY--Interstices that were created at the time the rocks 

were formed, such as pores. 
POROSITY, SECONDARY--The porosity developed in a rock after its 

deposition, through such processes as solution or fracturing. 
POTENTIOMETRIC SURFACE--An imaginary surface that coincides with 

the static level of water in the aquifer. 
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RECOVERY OF PUMPED WELL--The period of time after pumping has ceased 
during which the water level rises (or recovers) to approximately 
the level (static level) before pumping. 

SPECIFIC CAPACITY--The rate of discharge of water from a well divided 
by the drawdown of the water level within the well. 

STRESS RELIEF--The removal of compressional stress on underlying rocks 
by erosion of overlying rocks. 

STRIKE OF ROCK STRATA--The direction of a line formed by the 
intersection of the bedding and a horizontal plane (see dip 
of rock strata) . 

SUBSIDENCE--A sinking of part of the Earth's surface, such as may 
result from soil compaction, collapse of underground mines, or 
removal of ground water, oil or gas. 

SUBSIDENCE FRACTURE--A crack or joint in the rock formed or widened 
as a result of subsidence. 

SURFACE WATER--Water on the surface of the Earth, including snow and 
ice. 

·sYNCLINE--A downward fold in the rocks. 
TENSION--Stress that tends to pull a body.apart. 
TRANSMISSIVITY--The rate at which water of a prevailing viscosity is 

transmitted through a unit width of aquifer under a unit 
hydraulic gradient. 

TABLE, WATER--That surface in an unconfined water body at which 
pressure is atmospheric; generally, the top of the saturated zone. 

VERTICAL DRAINAGE DISTANCE--Distance from the drainage divide to the 
bottom of the well. 

ZONE OF SATURATION--That part of the Earth's crust beneath the deepest 
water table in which all voids are filled with water under 
pressure greater than atmospheric. 
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GROUND- WATER HYDROLOGY OF MARSHALL COUNTY, WEST VIRGINIA, 
WITH EMPHASIS ON THE EFFECTS OF LONGWALL COAL MINING 

BY R. A. SHULTZ 

ABSTRACT 

Marshall County, West Virginia, is underlain by two major types 
of aquifers--unconsolidated alluvial deposits and consolidated 
bedrock. The unconsolidated alluvial deposits of clay, silt, sand, 
and gravel are limited in extent to the floodplain of the Ohio River. 
Alluvial wells commonly yield several hundred gallons of water per 
minute. The bedrock consists of shale, sandstone, limestone, and 
coal. Ground water in the bedrock flows from the hilltops to the 
valleys. Perched bedrock aquifers are common in the hills, and 
confined aquifers are common in the valleys. The mean reported yield 
for bedrock wells was 5 .. 2 gallons per minute. Springs are formed 
where ground water is diverted to the hillside by relatively 
impermeable beds of unfractured shale or clay. The mean springflow 
was 0.94 gallons per minute. In 1985, an estimated 13.1 million 
gallons of ground water were withdrawn each day in the County for 
industrial, public supply, mining, and domestic self-supply uses. The 
chemical quality of ground water generally is acceptable for domestic 
use. Locally, concentrations of manganese, iron, sulfate, total 
dissolved solids, nitrate, fluoride, and arsenic exceeded public 
water-supply limits. Ground water in both the alluvium and bedrock 
typically is calcium bicarbonate in type and hard to very hard. 

Subsidence and fracturing of the overburden caused by longwall 
mining has changed ground-water conditions. Changes include increases 
in overburden transmissivity, declines in ground-water levels, 
increases in water-level fluctuations, and decreases in springflow. 
Pre- and post-mining aquifer tests showed significant increases in 
estimated transmissivity at two of three sites. The decline in mean 
water levels at eight observation wells ranged from 1.56 to 41.99 feet 
below pre-mining levels. These declines were caused by the combined 
effects of longwall mining and dry weather. Longwall mining can cause 
increases in water-level fluctuations. For wells greater than or 
equal to 50 feet deep, the mean annual water-level fluctuation was at 
least 5.48 feet per year more for wells in longwall-mined areas than 
for wells in other areas. Mean annual discharge was 0.32 gallons per 
minute for springs overlying longwall mines versus 0.94 gallons per 
minute for springs at unmined sites. Mean annual discharge was 
significantly lower during the post-mining period than during the pre­
mining period at three observation springs. 
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1.0 INTRODUCTION 

1.1 Purpose and Scope 

DESCRIPTION OF GROUND-WATER HYDROLOGY 
AND THE EFFECTS OF LONGWALL MINING 

nilS REPORT DESCRIBES THE GROUND-VATER HYDROLOGY OF 
lfARSBALL COUNTY, WEST VIRGINIA, lllm EMPHASIS OR THE 
EFFEctS OF LORGVALL COAL MIRIRG. 

This report describes the ground-water hydrology of Marshall 
County, West Virginia, with emphasis on the effects of longwall coal 
mining. Average annual coal production in Marshall County from 1980 
through 1985 was 5.1 million tons, of which more than half was mined 
using longwall techniques (West Virginia Department of Mines Annual 
Reports, 1980 to 1985). Ground-water data were collected from February 
1985 through March 1987. Two hundred and eighteen wells and 59 springs 
were inventoried (4ppendix A). A ground-water monitoring network was 
established whereby water-levels in 62 wells and discharges of 13 
springs were measured at l~ast monthly (Appendix C). Single-well 
aquifer tests were made at 3 sites. The following geophysical logs were 
run on selected wells: gamma ray--15 wells, caliper--14 wells, and 
electric resistivity--2 wells. Two observation wells were drilled in 
July 1985 ahead of an advancing longwall panel to obtain pre- and post­
mining data. Water samples from 56 wells and 16 springs were analyzed 
for major chemical constituents. 

Additional ground-water data obtained during previous studies by 
the U.S. Geological Survey also are available. Many of the wells were 
inventoried from 1940 to 1955, and tap the alluvial aquifer along the 
Ohio River. Water-level records are available for two observation wells 
in the Ohio River alluvium. The records for one well are from 1950 to 
1976 and the records of the other well are from 1977 through 1982. 
Weekly measurements for the period July 1971 through January 1973 are 
available for one well drilled into rocks of the Dunkard Group. 
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1.0 INTRODUCTION (Continued) 

1.2 Location, Land Use, and Climate 

MARSHALL COUNTY IS IN THE ·NORTHERN 
PANHANDLE OF WEST VIRGINIA 

MARSHALL COUNTY IS AT mE BASE OF mE NOR.mERlf PANHANDLE 
OF VEST VIRGINIA. TOPOGBAPBY IS CHARACTERIZED BY RIDGES 
VIm STEEP SIDPES AND RARR.OV •v• -SHAPED V.AI...I.EYS. MOST 
OF THE LAND IS FOREST OR PASTORE. AVERAGE ARRUAL 
PRECIPITATION RANGED FROK 38. 50 TO 42.25 INCHES DURING 
THE PERIOD 1951-80. 

Marshall County encompasses a 315-square-mile area at the base of 
the Northern Panhandle of West Virginia. It is bordered by Pennsylvania 
to the east, Ohio to the west, and the West Virginia Counties of Ohio 
and Wetzel to the north and south, respectively (figure 1.2-A). The 
population of the County was 41,608 in 1980 (U.S. Department of 
Commerc~, 1981). Most of the population is concentrated on the Ohio 
River floodplain from Moundsville to the Ohio County line. Moundsville, 
the largest city and the County Seat, had a population of 12,419 in 
1980. 

The topography is characterized by long, gently rolling ridges with 
steep slopes and narrow, "V"-shaped valleys. The highest hilltop is 
1,602 feet above sea level and is located about 2.2 miles east of 
Cameron near the ·Pennsylvania border. Numerous ridgetops have 
elevations greater than 1,300 feet above sea level, but only a few 
exceed 1,500 feet. The lowest elevation is about 623 feet above sea 
level where the Ohio River flows out of the County. Generally, the 
average slope is greater than 25 percent or 1,320 feet per mile (Cross 
and Schemel, 1965b, figure I-92, p. 114). Slopes between 25 and 40 
percent are considered rolling to steep, and slopes greater than 40 
percent are steep. 

McColloch and Lessing in 1980 reported that about 64 percent of the 
County was forested and 31 percent was agricultural land. Because of 
steep slopes, cropland is limited to the valleys and the Ohio River 
floodplain. Most of the agricultural land is pasture (figure 1.2-A). 

On the basis of data from the National Oceanic and Atmospheric 
Administration (1982a, 1982b, 1982c), average annual precipitation 
ranged from 38.50 inches to 42.25 inches during the period 1951-80 
(figure 1.2-A). July typically is the wettest month and February, the 
driest. Spring and summer are characterized by local thunderstorms with 
rainfall rates that can exceed several inches per hour. Fall and winter 
storms typically cover larger areas and are of longer duration, but have 
lower rainfall rates than spring and summer thunderstorms. Snowfall 
averages about 30 inches per year. 
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The County lies in a zone of prevailing westerly winds; which are 
frequently interrupted by northward and southward surges of relatively 
warm and cold air, respectively. The average monthly temperature at 
Wheeling, Ohio County, table 1.2-B, typically is within 1 to 2 degrees 
of Marshall County temperatures.· January is the coldest month and July, 
the hottest. Minimum temperatures near or below zero degrees Fahrenheit 
occur two or three times each winter, but usually do not last more than 
2 days. Maximum daily temperatures of 90 degrees Fahrenheit or higher 
occur about 15 to 20 times each year during late spring and summer 
(National Oceanic and Atmospheric Administration, 1977). 
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EXPLANATION 

0 Forest land 
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[] Urban or built-up land 
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Source: Mean annual precipitation based on data from National 

Oceanic and Atmospheric Administration, 1982. Land 
use pattern based on data from U.S. Department of 
Interior, Geological Survey, 19 76, Land Use Series 
Maps. 

Figure 1.2-A.--Location, land use, and mean annual precipitation 
of study area. 

Table 1.2-B.--Monthly minimum, maximum, and mean air temperature 
normals (temperatures,~in degrees Fahrenheit) 

Source: Data from National Oceanic and Atmospheric Administration, 
1982. 

JANUARY FEBRUARY 
37.5 39.8 

20.6 21.5 

29.1 30.7 

MARCH 
50.4 

30.0 

40.2 

APRIL 
62.7 

39.6 

51.2 

MAY JUNE 
73.3 81.5 

48.5 57.8 

60.9 69.7 

5 

JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER 
84.8 83.6 78.1 66.4 53.1 41.8 

62.3 61.7 54.9 43.0 34.4 25.7 

73.6 72.6 66.5 54.8 43.8 33.8 



1.0 INTRODUCTION (Continued) 

1.3 Geologic Setting 

MARSHALL COUNTY IS UNDERlAIN BY GlACIAL 
OUTWASH OF WISCONSINAN AGE, AND BY BEDROCK 
OF PERMIAN AND lATE PENNSYLVANIAN AGE 

"l11E GlACIAL OU"l.'VASH VAS DEPOSITED DURDIG "l'VO 
PERIODS OF GlACIATION DURING "l11E VISCORSINAR 
STAGE. "l11E SURFICIAL BEDROCK IS OF PERIIIAR 
AND I.ATE PENRSYLVARIAR AGE. 

Most of the alluvium of the Ohio River valley was deposited as 
glacial outwash during two periods of glaciation (Simard, 1987). The 
first glaciation, called the Altonian Substage of early Wisconsinan age, 
extended to within 8 miles of West Virginia's northern panhandle between 
about 65,000 and 75,000 years ago. Meltwater transported great 
quantities of glacial debris down the Ohio River. Outwash deposits of 
sand and gravel from as far north as Canada filled the Ohio River valley 
and formed a wide, flat floodplain. Local sand and gravel from 
tributaries and rock fragments from valley sides also were incorporated 
in the floodplain as the valley filled. After glacial retreat, the Ohio 
River cut a meandering channel into the sediment filled valley, leaving 
the former floodplain as a hillside terrace. The next glaciation, 
called the Woodfordian substage of late Wisconsinan age, advanced to 
within 12 miles of West Virginia's northern panhandle about 23,000 years 
ago. Meltwater reworked the Altonian outwash deposits and added 
additional deposits to the floodplain. A layer of clay and silt was 
deposited on the floodplain when the river flow decreased during glacial 
retreat. The river again incised and abandoned this floodplain as a 
lower terrace. The Ohio River still flows over a layer of sand and 
gravel. The present floodplain has been covered by recent deposits of 
clay and silt. 

The surficial bedrock is of Permian and Late Pennsylvanian age, and 
consists of rocks classified as the Dunkard, Monongahela, and Conemaugh 
Groups (figure 1.3-A). The stratigraphic nomenclature used in this 
report follows the usage of the West Virginia Geological and Economic 
Survey and does not necessarily conform to that used by the U.S. 
Geological Survey. These rocks were formed from sediment deposited 
about 250 million years ago (Cross and Schemel, 1956b, p. 43). At that 
time the Ohio River valley probably was a flat coastal plain. This 
plain was part of a broad, constantly subsiding block of the earth's 
crust. The depression has been named the Appalachian geosyncline. It 
also is called the Dunkard Basin. Marshall County lies in the northern 
part of the Dunkard Basin. Sediments were laid down in the Dunkard 
Basin as relatively flat sheets. They were later folded by pressure 
from rocks pushing against them to the east during the formation of the 
Appalachian Mountains. These folds, called anticlines and synclines, 
trend northeast-southwest, virtually perpendicular to the direction of 
the pressure. These folds are named, from east to west, the Nineveh 
syncline, Washington anticline, Loudenville syncline, New Martinsville 
anticline, and Proctor syncline. 
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BEDROCK 

Figure 1.3-B.--Generalized diagram of the Ohio River Valley 
showing terraces and present floodplain. 
(Modified from Simard, 1987). 
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1.0 INTRODUCTION (Continued) 

1.3 Geologic Setting (Continued) 

1.3.1 Alluvium 

ALLUVIAL DEPOSITS OVERLIE THE BEDROCK 
ALONG THE OHIO RIVER AND THE LOWER 
REACHES OF TRIBUTARY STREAMS 

UNCONSOLIDATED DEPOSITS OF ClAY, SILT, SAND AND 
GRAVEL OVERLIE THE BEDROCK ALONG THE OHIO RIVER. 
AND ALONG THE I.DVER. REACHES OF TRIBUTARY STREAMS. 
THESE DEPOSITS FORK TERRACES AND RANGE IN 
miCKNESS FR.OK ZERO TO KORE THAN 100 FEET. 

Unconsolidated deposits of variable proportions of clay, silt, 
sand, and gravel overlie the bedrock along the Ohio River and along the 
lower reaches of tributary streams. The deposits consist largely of 
glacial outwash that was deposited as alluvium, but also includes 
variable amounts of modern alluvium. They form terraces in bottoms and 
range in thickness from zero to more than 100 feet. In many places the 
deposits have been covered by fill material, such as slag from steel­
processing plants and waste from coal preparation plants. The following 
descriptions of each bottom are summarized from Carlston and Graeff 
(1955). The location of each bottom is shown in figure 1.3-A. 

Average thickness of alluvium·in Wheeling Bottom is about 70 feet 
(figure 1.3.1-A). In places, the alluvium is covered with variable 
amounts of fill material. A layer of clay and silt nearly 25 feet thick 
underlies the fill material in most areas. Sand with some gravel 
usually comprises the remainder of the alluvium. The elevation of the 
bedrock averages about 575 feet above sea level. 

Little information is available about the thickness and lithology 
of the alluvium of Moundsville Bottom. Two wells next to the Ohio River 
at Moundsville penetrated 70 feet of alluvium without entering bedrock; 
and wells about 0.4 miles east, at the State Penitentiary, reportedly 
penetrated 100 feet of gravel without entering bedrock. 

The average thickness of alluvium in Round Bottom is at least 70 
feet in the north and about 65 feet in the central part of the bottom. 
No information was available for the remainder of Round Bottom. The 
lithology of the alluvium in the northern and central parts of Round 
Bottom was determined through test borings (Ranney Method Water 
Supplies, Inc., 1952a, 1952b, 1953). The northern part of the bottom 
has a layer of sandy clay extending from land surface to a depth of 
about 30 to 40 feet. This layer is underlain by sand and gravel that is 
locally silty and ~t least 25 to 30 feet thick. The bedrock contact is 
not well defined. The central part of Round Bottom has a layer of sandy 
clay extending from land surface to a depth of about 35 to 45 feet. The 
bottom 5 to 10 feet of this layer typically is mixed with gravel. This 
is underlain by a layer of sand and gravel about 20 to 30 feet thick. 
The bedrock contact is at about 560 to 570 feet above sea level. 
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The alluvium of Cresap Bottom, between Cresap and Fish Creek 
Island, is 80 to 100 feet thick. The elevation of the bedrock floor is 
poorly defined in this area. The thickness of alluvium decreases to 16 
feet or less about 1,000 feet north of the U.S. Corps of Engineers Dam 
Number 14. This decrease results from an increase in the elevation of 
the bedrock floor. The elevation of the bedrock floor is 584 to 594 
feet above sea level in this area. Generally, the thickness of alluvium 
in the rest of Cresap Bottom to the south is about 12 to 25 feet. The 
elevation of the bedrock floor is about 570 to 590 feet above sea level. 
Little information was available on the lithology of the alluvium. The 
deepest well for which a log was available was located 525 feet north of 
Fish Creek. The log is as follows, in feet above sea level: 600 to 
592.4 - mud, 592.4 to 589.8 - sand, 589.8 to 584.4 - gravel, 584.4 -
bedrock. 

The alluvium in northern and central Wells Bottom is 51 to 86 feet 
thick. The elevation of the bedrock floor ranges from about 560 to 580 
feet above sea level. The alluvium is primarily sand and clay overlying 
sand and fine to coarse gravel. Log A (table 1.3.1-B) is representative 
of the lithology of the alluvium in the northern and central parts of 
the Bottom. Log B is representative of the alluvium in the southern end 
of the Bottom. 
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Figure 1.3.1-A.--Cores from Wheeling Bottom. (Modified from 
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Table 1.3.1-B.--Lithologic logs of wells penetrating the alluvium in Wells 
Bottom (Modified from Carlston and Graeff, 1955, p. 64) 

Log A 

Land-surface elevation 650 
feet above sea level 

Lithology Depth (feet) 

sand, yellow clay 0-7 
clay-bound, mixed gravel 7-16 
coarse gravel and cobbles 16-20 
very coarse gravel and 20-27 

cobbles 
coarse sand, pea gravel, 27-33 

and scattered medium 
and coarse gravel 

fine and medium sand, 33-35 
pea gravel, scattered 
medium gravel 

medium and coarse sand, 35-45 
pea gravel, and 
scattered medium and 
coarse gravel 

coarse sand, pea gravel, 45-50 
and scattered 
medium gravel 

coarse sand, pea gravel, 50-55 
medium gravel , and 
scattered coarse gravel 

fine to coarse sand, 55-65 
with pea gravel and 
scattered medium 
gravel (heaved 
strongly at 63 feet) 

medium and coarse sand, 65-70 
pea gravel, and 
medium gravel 

coarse sand, pea gravel, 70-86.8 
medium gravel , and 
occasional boulders 

blue-green shale 86.8-
(bedrock) 

Note: The locations of the logs are 

LogB 

Land-surface elevation 
approximately 640 feet 
above sea level 

Lithology Depth (feet) 

material concealed and 0-16.0 
disturbed, mostly 
coarse gravel 

very coarse gravel, 16.0-18.5 
pebbles averaging 
1.5 incqes 

fine gravel, pebbles 18.5-21-5 
0.25 inch, streaks 
of fine sand cemented 
with limonite 

medium sand 22.5-22.5 
sandy yellow clay 22.5-22.9 
gravel and medium sand, 22.9-28.8 

crossbedded, coal 
boulders up to 7 
inches in diameter 

concealed 28.8-36.8 
gravel, pebbles up to 36.8-43.8 

1 inch; medium sand, 
slightly crossbedded 

medium sand, cross- 43.8-49.3 
bedded, gravel 
layers, pebbles 
up to 1 inch 

yellow clay 49.3-51.1 
medium to fine sand 51.1-52.6 
medium to fine sand, 52.6-54.1 

with a few pebbles 
yellow clay 54.1-55.1 
sand, some clay 55.1-62.3 

streaks, pebbles 
up to 1 inch 

water level in pit 62.3-

shown on figure 1.3-A 
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1.0 INTRODUCTION (Continued) 

1.3 Geologic Setting (Continued) 

1.3.2 Bedrock 

THE DUNKARD GROUP OF PERMIAN AND 
PENNSYLVANIAN AGE IS EXPOSED IN 
MOST OF THE COUNTY 

TilE DUNKARD GROUP IS EXPOSED IN HOST OF TilE COUNTY. 
TilE MONONGAHELA GROUP CROPS OUT ALONG TilE OHIO 
RIVER. AND TilE LOVER. REACHES OF TilE OHIO RIVER.' S 
TRIBUTARIES. TilE CONEMAUGH GROUP IS COVERED BY 
AUlJVIUK IN TilE EXTREME NORTHWEST CORNER. OF TilE 
COUNTY. TilE BEDROCK IS COKPRISED OF VARIABLE 
PROPORTIONS OF SHALE, SANDSTONE, LIHESTORE, AND COAL. 

The Dunkard Group of Permian and Pennsylvanian age is the youngest 
bedrock unit and is exposed throughout most of tpe County. It extends 
downward from the top of the Proctor Sandstone to the top of the 
Waynesburg coal of the Monongahela Group. The Dunkard Group attains a 
maximum thickness of almost 1,150 feet in the southeastern corner of the 
County. It thins to the north and west, and has been eroded along the 
Ohio River and the lower reaches of the Ohio River's tributaries, 
exposing the underlying Monongahela Group. 

The Dunkard Group consists of shale interbedded with sandstone, 
limestone, and coal. Shale is the most common rock type, and commonly 
contains clay layers a few inches thick. Sandstone beds typically are 
less than 50 feet thick and are not areally extensive. However, 
sandstone beds are the major source of ground water in the bedrock. 
Limestone beds typically are less than 10 feet thick and generally are 
thicker in the northern half of the County than in the southern half. 
The Washington coal seam is the thickest and most persistent coal seam 
in the Dunkard Group. Its average thickness is 1 to 2 feet. Locally, 
it attains a maximum thickness of about 5 feet. The original minable 
reserves are estimated to be about· 385 million tons (Fedorko, N., West 
Virginia State Geological and Economic Survey, oral commun., 1987). 
Other coal seams typically are less than 1 foot in thickness and are not 
areally extensive. 

The Monongahela Group extends downward from the top of the 
Waynesburg coal to the base of the Pittsburgh coal. The Monongahela 
Group attains a maximum thickness of 300 to 350 feet in the southeastern 
corner of the County. Like the Dunkard Group, it thins to the north and 
west and has been eroded along the Ohio River at Benwood in the 
northwestern corner of the County. 
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The Monongahela Group consists of shale interbedded with limestone, 
sandstone, and coal. Shale is the most common rock type. Limestone is 
thicker in the Monongahela Group than in the Dunkard Group and, combined 
with shale, comprises more than 75 percent of the rock. The Benwood 
Limestone is the thickest and most persistent limestone of the 
Monongahela Group. At places, it is 60 feet thick and is typically 
interbedded with limey shales. Sandstone is less common in the 
Monongahela Group than in the Dunkard Group and typically is thin and 
not persistent. Three coal seams are more than 4 feet thick--the 
Waynesburg coal, Sewickley coal, and Pittsburgh coal. The Pittsburgh 
coal is the only seam commercially mined in the County. 

The geologic sections show the lithologic variation of the Dunkard 
and Monongahela Groups (figures 1.3.2-A to C). Proportions of shale, 
sandstone, limestone, and coal differ considerably. Hennen (1909, p. 
246) described the Waynesburg Sandstone of the Dunkard Group--"Along the 
hill road leading northwest from Majorsville its horizon is represented 
by 35 feet of sandy shales with streaks of thin sandstone, but along the 
road leading north from Wheeling Creek, two miles west of Majorsville, 
35 feet of sandstone occurs at this horizon .... " 

The Conemaugh Group extends from the base of the Pittsburgh coal to 
the top of the Upper Freeport coal in the underlying Allegheny 
Formation. It is overlain by the Monongahela and Dunkard Groups except 
in the extreme northwestern corner of the County along the Ohio River; 
there it is overlain by alluvium. The Conemaugh Group is not exposed on 
the surface and, therefore, does not appear on figure 1.3-A. The 
Conemaugh Group is not a significant source of ground water in the 
County and will not be described in detail. It ranges in thickness from 
about 475 to 575 feet and is composed of variable proportions of 
sandstone, limestone, shale, and coal. 
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1.0 INTRODUCTION (Continued) 
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2.0 GROUND-WATER HYDROLOGY 

2.1 Water Use 

GROUND WATER IS AN IMPORTANT 
RESOURCE OF THE COUNTY 

AVERAGE lliTIIDRAVAL OF GROUND VATER VAS APPROXIMATELY 
13.1 KILLION GALLONS PER DAY IN 1985. GROUND VATER 
VAS lliTIIDRAVN FOR INDUSTRIAL, PUBLIC-SUPPLY, KINING, 
AND DOMESTIC SELF-SUPPLY USES. 

An average of 13.1 million gallons of ground water was withdrawn 
each day in 1985 (U.S. Geological Survey National Data Storage and 
Retrieval System--WATSTORE). Ground water was withdrawn for industrial, 
public-supply, mining, and domestic self-supply uses (figure 2.1-A). 
About 9.04 Mgal/d was withdrawn for industrial uses. Industrial use 
includes water used in the manufacturing of steel, chemical and allied 
products, paper and allied products, and petroleum refining. Most of 
the ground water was withdrawn from the alluvium along the Ohio River. 
About 2.17 Mgal/d was withdrawn for public supply. Most of this ground 
water came from the Ohio River alluvium and supplied about 30,000 
people. About 1.63 Mgal/d was withdrawn for mining use. Mining use 
includes water used in the extraction of minerals, such as coal and 
ores, crude petroleum, and natural gas. It also includes quarrying, 
well operation, milling, and other·operations normally done at the mine 
site or as part of a mining activity, but excludes the processing of raw 
materials, such as ore smelting, petroleum.refining, and operation of 
slurry pipelines. 

Approximately 0.25 Mgal/d was withdrawn for domestic self supply. 
Domestic self-supplied usage was estimated by assuming the average daily 
water use of individuals not on public-supply systems was 25 gallons per 
day. Domestic use includes water used for normal household purposes 
such as drinking, food preparation, bathing, washing clothes and dishes, 
flushing toilets, and watering lawns and gardens. Most of the ground 
water used for domestic self supply was withdrawn from the bedrock. 
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Figure 2.1-A.--Percentages of ground-water. use in 1985 by 
categories. 
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2.0 GROUND-WATER HYDROLOGY (Continued) 

2.2 Source of Ground Water 

PRECIPITATION IS THE SOURCE OF MOST GROUND WATER 

PRECIPITATION IS TilE PRINCIPAL SOURCE OF GROUND VATER. 
HOVEVER, TilE AUlJVIAL AQUIFER ALSO IS RECHARGED FROM 
ADJACENT BEDROCK AND FROM STREAMS. 

Precipitation is the principal source of ground water. Some 
precipitation is lost through evapotranspiration and overland runoff. 
Figure 2.2-A shows that about 58 percent of the annual precipitation is 
lost to evapotranspiration. The remaining 42 percent either moves to 
the streams as overland runoff or infiltrates the ground and recharges 
the ground-water system. These values were estimated by subtracting the 
mean annual runoff, in inches, from the mean annual precipitation, in 
inches. This does not take into account interbasin transfer of ground 
water by mine pumpage or any other means. Most recharge occurs during 
late fall, winter, and early spring, when plants are dormant and 
evapotranspiration rates are low. A large percentage of precipitation 
is lost through evapotranspiration during the summer when temperature, 
solar radiation, and photosynthesis are at a maximum. Consequently, 
ground-water levels and spring discharges follow a seasonal pattern. 
They commonly peak in late winter or early spring and decline to their 
lowest levels in early fall. Water levels and spring discharges begin 
to rise in the early fall when precipitation effectively recharges the 
ground-water system because of decreased evapotranspiration rates. 

The rate of infiltration from precipitation probably is not 
uniform, especially in the alluvium. A semiconfining layer of clay and 
silt of variable thickness commonly lies at the top of the alluvium and 
slows the rate of infiltration. Bader, Mathes, and Shultz (in press) 
noted that ground water in areas where surface disposal of coal wastes 
had occurred contained higher concentrations of dissolved sulfate than 
ground water in areas where there was no coal waste. This indicates 
that infiltration can occur through the clay-silt layer. Streams that 
flow across the floodplain are a source of ground water as water seeps 
through streambeds into the alluvium. Discharge in Littlj Grave Creek 
at Moundsville was estimated to have decrease~ from 10 ft /s (cubic feet 
per second) in the upstream bedrock to 0.5 ft /s downstream on the 
alluvial floodplain (Friel, E. A., U.S. Geological Survey, oral commun., 
1984). The adjacent bedrock is a source of ground water to the alluvium 
where fractures allow water to pass from the bedrock to the alluvium·. 
The Ohio River also is a source of water to the alluvium when ground­
water withdrawals lower the water table below river stage, causing river 
water to enter the alluvium. 
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2 .·0 GROUND-WATER HYDROLOGY (Continued) 

2.3 Water in Alluvium 

2.3.1 Movement 

WATER IN THE ALLUVIUM MOVES 
THROUGH INTERGRANULAR SPACES 

VATER. IN THE .AI..UJVIlJK MOVES THROUGH CONNECTED 
INTER.GRANOLAR. SPACES. UNDER. NATURAL CONDITIONS, 
GROUND VATER. FLOWS FROM BEDROCK BORDERING THE 
.AI..UJVIlJK, THROUGH THE .AI..UJVIlJK, AND INTO THE 
OHIO RIVER.. 

Ground water moves through connected intergranular spaces. 
Alluvial deposits can be well-sorted to poorly sort~d. Well-sorted 
deposits contain particles of nearly uniform shape and size, whereas 
poorly sorted deposits consist of particles of varying shapes and sizes. 
The intergranular spaces in poorly sorted deposits typically are smaller 
than intergranular spaces in well-sorted deposits. As a result, poorly 
sorted deposits have lower porosity and typically transmit less water 
than do well-sorted deposits. 

The alluvium is more permeable than the surrounding bedrock. 
Under natural conditions, ground water flows from the adjacent bedrock 
(areas of higher hydraulic head), through the alluvium, and into the 
Ohio River (area of lower hydraulic head). However, the direction 
of flow can be reversed by pumpage, which can alter head relations in 
the bedrock and alluvium. 
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2.0 .GROUND-WATER HYDROLOGY (Continued) 

2.3 Water in Alluvium (Continued) 

2.3.2 Availability 

ALLUVIAL DEPOSITS ARE CAPABLE OF 
YIELDING LARGE QUANTITIES OF WATER 

HOST llELLS IN THE ALLDVIOK ARE CAPABLE OF YIELDING 
SEVERAL HUNDRED GALLONS PER. HINOTE. HOllEVER., llELL 
YIELD CAN DECREASE OVER TIME. 

Most wells in the alluvium are capable of yielding several hundred 
gallons per minute. Radial collectors that induce infiltration from the 
Ohio River are capable of yielding several thousand gallons per minute. 
Thick deposits of well-sorted gravel and sand yield th~ largest 
quantities of ground water. These deposits can store and transmit 
sufficient quantities of ground water for public supply. 

Esti,ated transmissivities of the alluvium range from 1,100 to 
17,000 ft /d (feet squared per day) (Bader, Mathes, and Shultz, in 
press). Reported tzansmissivities at Round Bottom ranged from about 
27,000 to 54,000 ft /d (Ranney Method Water Supplies, Inc., 1952a, 
1952b, 1953). Infiltration was induced from the Ohio River during the 
tests at Round Bottom. 

W~ll yield can deteriorate over time. Possible causes are 
(1) incrustation or plugging of the screen and of the surrounding 
deposits; (2) corrosion of the screen, casing, or pump components; 
(3) interference from nearby wells; and (4) changes in climate. The 
chemical quality of water affects the development of incrustation. 
Driscoll (1986) states that "the major forms of incrustation include: 
(1) incrustation from precipitation of iron and manganese compounds, 
primarily their hydroxides or hydrated oxides; and (2) plugging caused 
by slime-producing iron bacteria or other slime-forming organisms 
(biofouling)." Fine particles can also plug the screen and the 
surrounding deposits, and can erode the screen itself if they are pumped 
through the slots. In addition, the pump can be damaged by sand or 
other fine particles. Corrosion can result in enlargement of the screen 
slots or the development of new holes, allowing sand and other parti~les 
to be pumped into the well. The screen or casing can also be weakened 
to the point of collapse. Corrosion products can block the screen 
slots, causing a reduction in yield, and they can be pumped into the 
well, causing a reduction in water quality. Interference from nearby 
wells can also reduce the well yield if the wells are too close 
together. Changes in climate such as a decrease in precipitation can 
reduce the well yield by decreasing the amount of recharge to the 
aquifer. 
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A ·- Well-sorted deposit with high porosity 

B - Poorly sorted deposit with low porosity 

C- Well-sorted deposit consisting of porous 
pebbles, with very high porosity 

D - Well-sorted deposit whose porosity has 
been diminished by the deposition 
incrustation of mineral matter in the 
interstices. 

0 

Figure 2.3.2-A.--Generalized diagram showing porosity 1n alluv1al 
deposits. (Modified from Carlston and Graeff, 
1955, p. 11). 
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2.0 GROUND-WATER HYDROLOGY (Continued) 

2.4 Water in Bedrock 

2.4.1 Movement 

GROUND WATER FLOWS FROM 
HILLTOPS TO VALLEYS 

GROUND VATER FI.DVS THROUGH BEDROCK FR.OK HILLTOPS 
TO V.AI.J..EYS. PERCHED VATER-TABLE AQUIFERS ARE 
COMMON BENEATH TilE HILLS. BEDROCK AQUIFERS IN 
TilE VALLEYS TYPICALLY ARE UNDER. CONFINED CONDITIONS. 

Ground water in the bedrock aquifers flows from hilltops to valleys 
in response to gravity. The primary permeability of the bedrock 
generally is negligible. Most movement of ground water occurs through 
fractures. Fractured sandstone layers are the major bedrock aquifers in 
the County because they can store and transmit quantities of water 
sufficient for domestic use. Fractures are more numerous in hard rocks, 
such as sandstone, limestone, and coal, than in soft rocks, such as 
shale and clay. During deformation, hard rocks tyPically break to form 
fractures, whereas soft rocks tend to bend. Shale and clay are 
relatively impermeable and commonly act as confining layers. 

Perched water-table aquifers are common beneath the hills and are 
found where relatively impermeable beds of clay or unfractured shale 
impede the downward movement of ground water. Some seepage does occur 
along the edges of and through these impermeable beds, and springs and 
seeps can develop at outcrops. Site 300, a spring, is located where 
water that moves laterally through sandstone overlying a clayey shale 
has reached land surface. Similar conditions for spring formation are 
present in neighboring Ohio County (Robison, 1964, p. 16). Perched 
aquifers are the major source of ground water in the rural areas of the 
County. The water level in a well depends on the pressure head in the 
aquifers. Head decreases with depth in hilltops and hillsides. 
Consequently, the water level in a well being drilled on a hilltop or 
hillside will decline as the hole is deepened (figure 2.4.1-B). The 
rate of decline is less than the rate of deepening. 

Some wells are drilled through several aquifers and confining beds. 
Where water-bearing strata are overlain by relatively impermeable beds, 
the strata are said to be confined. Bedrock aquifers underlying valleys 
typically are under confined conditions. Head increases with depth in 
valley areas. Theoretically, the water level will rise in a valley well 
as the hole is deepened, but the available data were insufficient to 
show any trends. 
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Figure 2.4.1-A.--Generalized diagram showing ground-water movement 
in the bedrock. 
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Figure 2.4.1-B.--Mean ground-water levels,by well depth and season, 
for hilltop and upper-hillside sites. 
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2.0 GROUND-WATER HYDROLOGY (Continued) 

2.4 Water in Bedrock (Continued) 

2.4.2 Availability 

FRACTURED SANDSTONES ARE THE PRIMARY 
SOURCE OF WATER IN BEDROCK 

FRACTURED SANDSTONES ARE TilE PRIMARY SOURCE OF 
VATER IN TilE BEDROCK. TilE HF..AR REPORTED WELL 
YIELD IS 5. 0 GAL/HIH (GALLONS PER. KINUIE) , AND 
TilE MEAN ANNUAL SPRING DISCHARGE IS 0. 94 GAL/HIH. 

Fractured sandstones are the primary source of water in the bedrock. 
Fractured shale can yield quantities of water sufficient for domestic 
use. Well yield depends on the ability of the aquifers to store and 
transmit water and on well construction. Wells that intersect numerous 
fractures typically have higher yields than those that intersect few 
fractures. The number and location of fractures is influenced by 
lithology, geologic structure, and topography. Land-use activities, such 
as mining, can cause additional fractures and alter existing fractures. 

The mean reported yield at 51 wells unaffected by longwall coal 
mining was 5.0 gal/min. Reported well yields ranged from 0.04 to 21 
gal/min. Well yields were reported by well owners and were not measured 
during field work. The mean annual discharge for nine springs unaffected 
by mining was 0.94 gal/min. The minimum and maximum mean annual spring 
discharges were 0.21 and 1.66 gal/min, respectively. 

Valley bedrock wells typically yield more water than hilltop or 
hillside bedrock wells. Median reported yields for valley, hillside, and 
hilltop bedrock wells unaffected by longwall mining were 5, 2, and 4 
gal/min, respectively. Owners of valley wells also· had the fewest 
problems concerning adequacy of well yield. Insufficient yield for 
domestic use was reported at 5 percent of 39 valley wells, 11 percent of 
36 hillside wells, and 18 percent of 104 hilltop wells. Valley wells 
typically yield more water than hillside or hilltop wells because (1) 
rocks in valleys are more likely to be fractured as a result of stress 
relief (figure 2.4.2-A), and (2) more water is available for recharge. 
Aquifers that yield water to hilltop and hillside wells are limited in 
areal extent by the boundaries of the hills. 
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Numerous fractures are associated with lineaments and anticlines. 
These fracture features generally are capable of yielding large amounts 
of ground water. Lineaments are linear features visible on aerial 
photographs or other remote imagery and represent linear stream channels, 
aligned depressions, gulleys, or tonal variations in the soil or 
vegetation. Stream channels, depressions, and gulleys commonly form in 
fractured rock because the rock is more easily eroded than the 
surrounding unfractured rock. Tonal variations in soil or vegetation can 
be related to differential weathering or moisture content along rock 
fractures. Anticlines generally contain more fractures than synclines. 
Clark and others (1976) reported that wells drilled into anticlines had 
higher specific capacities than did wells drilled into synclines. 

The depth and diameter of a well also affect the yield. Hilltop 
wells less than 100 feet deep had a mean well yield of 8.3 gal/min, but 
deeper wells had a mean well yield of 4.7 gal/min. No decrease in yield 
with depth was apparent for hillside or valley wells. Increasing the 
well diameter increases the storage capacity of the well and slightly 
increases the yield. Doubling the well diameter from 6 to 12 inches 
produces about a 10 percent increase in yield (Heath, 1982, p. 56). 
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Stress relief occurs with the removal of compressional stress on underlying 
rocks by erosion of overlying rocks. The same rock unit that erosion has 
exposed on the valley floor is buried underneath the hillsides. The compres­
sional stresses on the rock unit under the hillsides lead to upward arching 
of the valley floor. Horizontal fractures, called bedding-plane separ~tions, 
occur'Hhere the rock layers arch unequally. Arc~ing also causes minor vertical 
fracturing near the axis of the arch. In addition, vertical tensile fractures 
form along the valley walls. These fractures allow the valley walls to slump, 
causing compressional fractures at the base of the valley walls. 

Figure 2.4.2-A.--Gerieralized geologic section showing fracturing 
caused by stress relief. (Modified from WJrick 
and Borchers, 1981). 

32 



2. 0 . GROUND-WATER HYDROLOGY (Continued) 

2.5 Chemical Quality of Water 

GROUND-WATER QUALITY DEPENDS ON SEVERAL FACTORS 

THE CIIEKICAL QUALITY OF GROUND VATER. DEPENDS ON THE CHEMICAL 
COMPOSITION OF PRECIPITATION, THE KINERALOGIC COMPOSITION 
OF THE ROCKS THAT THE VATER. CONTACTS, THE DURATION OF 
CONTACT, AND THE LAND-USE ACTIVITIES. 

The concentration of dissolved minerals in ground water depends on 
the chemical composition of precipitation, the mineralogic composition 
of the rocks that the water contacts, the duration of contact, and the 
land-use activities. The suitability of ground water depends on its 
chemical characteristics and the intended use of the water. 

Chemical analyses of precipitation show the chemistry of the water 
before it enters the ground. The West Virginia Air Pollution Control 
Commission supplied analyses.from weekly precipitation samples collected 
in Moundsville from January 1985 through March 1986 (Flesher, V.L., West 
Virginia Air Pollution Control Commission, written communication, June 
30, 1986).- The mean specific conductance of precipitation samples was 
57 us/em (microsiemens per centimeter at 25°Celsius), the median pH was 
4.0, and the mean concentrations of select dissolved constituents were: 
sulfate--4.8 mg/L (milligrams per liter), nitrate--3.0 mg/L, chloride--
0.88 mg/L, calcium--0.40 mg/L, fluoride--0.20 mg/L, potassium--0.07 
mg/L, and magnesium-- 0.05 mg/L. 

The chemistry of precipitation changes as it enters the ground and 
reacts with minerals in the soil and rock. Generally, most of the major 
ions increase-in concentration as water infiltrates the soil and moves 
along the ground-water flow path. Table 2.5-A describes some chemical 
characteristics of ground water. The West Virginia State Board of 
Health (1981) has set maximum concentration limits for some chemical 
constituents for public water supplies. One or more constituents in 
ground water from the alluvium and bedrock exceeded the following 
limits: arsenic--50 ug/L (micrograms per liter), fluoride--2.0 to 2.4 
mg/L (milligrams per liter), iron--300 ug/L, manganese--50 ug/L, 
nitrate--10 mg/L, sulfate--250 mg/L, and total dissolved solids--500 
mg/L. The locations of ground-water sampling sites are shown in . 
Appendix B. The water-quality data collected during this investigation 
are published in the Water Resources Data - West Virginia - Water Year 
1986 (in press). 
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Tabl.; 2.5-A.--Sel.,cted constituents and properties that affect ~round-water quality 
(Modified from .Heath,l983, p. 65) 

Effects on water quality 
Constituent or Property Natural sources 

Alkalinity (Caco,) 

Calcium (Ca) 

Chloride (Cl) 

Fluoride (F) 

Hardness (CaC03) 

Iron (Fe) 

Magnesium (Kg) 

Manganese (Hn) 

Nitrate (N) 

pH (units) 

SodiUIII (Na) 

Sulfate (SO ) 

Total Dissolved 
Solids 

Bicarbonate (HCOJ) and Carbpnate (C0 1 ) ions 
dissolved from carbonate rocks such as limestone 
(CaCo.) and dolomite (CaHg (COl)&) by water 
containing carbon dioxide. 

Soils and rocks containing limestone, dolomite, 
and gypsUIII (CaSO'~). 

Seawater trapped ln sediments at time of 
deposition. 

Minerals that contain fluoride co~D~aonly occur ln 
sedimentary rocks. Fluorite (CaF1 ) occurs in 
dolomite and limestone. Fluoride also occurs in 
some brines. 

Calcium and magnesiUIII dissolved in water. 

Present in most soils and rocks. Often occur$ in 
association with manganese. Ground" water . 
contains greater concentrations of iron in the 
valleys than on hillsides or hilltops. 

Soils and rocks containing limestone, dolomite, 
and gypsUIII. 

Present in most soils and rocks. Often occurs 
with iron, but La not as widely distributed. 
Ground water generally contains higher 
concentrations of manganese in valleys than 
on hillsides or hilltops. 

Decaying organic matter, sewage, fertilizers, 
and nitrates in the soil. 

The negative logarithm of the the hydrogen 
in concentration ln the water. 

Present ln most soils and rocks. Often 
dissolved ln ground water through cation 
exchange with calciUIII. Large amounts 
may be present in sediments containing 
seawater that was trapped at the time 
of deposition. 

Soils and rocks containing gypsum, pyrite 
(FeS), and other rocks containing sulfur (S) 
compounds. Fill material consisting of slag 
from steel-processing plants, waste from 
coal-processing plants and mines, or other 
waste may be sources of sulfate. 

Hlnerals dissolved in water. 

The capacity of water to neutralize acids. Bicarbonates of calcium and 
magnesium decompose ln steea boilers end water heaters to form 
scale and release corrosive carbon dioxide gas. Bicarbonate and 
carbonate in combination with calcium and magnesium cause carbonate 
hardness. 

Principal cause of hardness and contributes to boiler scale and deposits 
ln hot-water heaters. Contributes to well screen clogging in the 
alluvium. 

Gives water a salty taste when combined with sodium. Hay also increase 
the corrosiveness of the water. 

Optimum concentration range determined by the U.S. Public Health Service 
is 0.7 to 1.2 milligrams per liter (mg/L), depending on the amount 
of water consumed and on the aean air temperature. Within these 
concentrations, fluoride reduces tooth decay. At higher 
concentrations, it may cause mottling of the tooth enamel. 

Related to the amount of soap needed to produce a lather. CalclWII and 
magnesium combine with soap to produce an insoluble curd, 
inhibiting the formation of a lather. Hardness is classified as 
follows (mg/L of CaCOJ): 0 to 60 • soft, 61 to 120 · moderately 
hard, 121 to 180 · hard, more than 180 • very hard. 

Concentration in excess of 300 microgram per liter (ug/L) often causes 
reddish-brown stains on laundry, utensils, and plWIIbing fixtures; 
and is objectionable ln food processing, dyeing, bleaching, lee 
manufacturing, brewing, and other industrial processes. It may 
also contribute to well screen clogging in the alluvium. 

Causes hardness of water, but to a lesser amount than calcium. 

Concentration in excess of 50 ug/L commonly causes dark-brown or black 
stains, similar to iron. 

Concentration greater than 10 m&/L indicates possible contamination by 
animal wastes, sewage, industrial processes, or fertilizers. Hay 
cause methemoglobinemia (•blue baby• disease) in infants. Nitrate 
promotes the arowth of algae and other organisms which produce 
undesirable tastes and odors. 

The pH of water is a •easure of its reactivity. pH values are 
classified as follows: less than 7.0--water is acidic, equal to 
7.0-- water is neutral, greater than 7.0--water is basic. Low 
values of pH, particularly below pH 4.0, indicate a corrosive water 
that will tend to dissolve aetals and other minerals that it 
contacts. High values of pH, particularly above 8.5, indicate an 
alkaline water that, on heating, will tend to form scale. 

Gives water a salty taste in combination with chloride, and may affect 
people with cardiac problems, hypertension, and certain other 
medical conditions. Concentration should be less than 170 mg/L for 
those on a moderate sodium diet, and less than 20 mg/L for those on 
a strict diet. Depending on the concentration of calcium and 
magnesium, sodium concentration above 69 mg/L may be detrimental to 
some irrigated crops. 

Hay give water a bitter taste when the concentration exceeds 300 to 400 
mg/L, and may act as a laxative in concentrations exceeding 600 to 
1,000 mg/L. It also forms a hard calcium carbonate scale in steam 
boilers when combined with calcium. Sulfate reduces to hydrogen 
sulfide, which has an odor of rotten eggs. 

Total dissolved solids is a measure of the total amount of minerals 
dissolved ln water. Water contalnlng less than 500 mg/L is 
preferred for domestic use and for many ir>dustrial processes. 



2.0 GROUND-WATER HYDROLOGY (Continued) 

2.5 Chemical Quality of Water (Continued) 

2.5.1 Water in Alluvium 

THE QUALITY OF GROUND WATER GENERALLY IS 
ACCEPTABLE FOR DOMESTIC AND INDUSTRIAL USE 

GROUND VATER TYPICALLY IS CALCIOK BICARBONATE IN TYPE 
AND HARD TO VERY HARD. LOCALLY, CONCENTRATIONS OF 
MANGANESE, IRON, SULFATE, DISSOLVED SOLIDS, NITRITE 
PIIJS NITRATE, AND ARSENIC EXCEEDED STATE PUBLIC SUPPLY 
LIMITS. 

The quality of ground water from the alluvium generally is 
acceptable for domestic and industrial use. The water typically is a 
calcium bicarbonate type and hard to very hard. Hardness is at least 
150 mg/L as Caco

3 
in 24 samples. Table 2.5.1-A gives the mean, median, 

minimum, and max1mum concentrations and the number of samples for select 
dissolved constituents. Locally, concentrations of manganese, iron, 
sulfate, dissolved solids, nitrite plus nitrate, and arsenic exceeded 
the limits for public-water supplies set by the West Virginia State 
Board of Health (1981). The number of samples that exceeded the limits 
for each constituent were as follows: manganese--7 of 15 samples, 
iron--6 of 23 samples, sulfate--3 of 24 samples, total dissolved 
solids--5 of 21 samples, nitrite plus nitrate--2 of 15 samples, and 
arsenic--1 of 9 samples. The following constituents did not exceed the 
limits in any samples: barium, cadmium, chloride, copper, fluoride, 
lead, mercury, phenols, selenium, silver, and zinc. The ground-water 
sampling locations are ·shown in Appendix B. 

Land use can affect ground-water quality. The three samples in 
which the concentration of sulfate exceeded 250 mg/L underlie areas 
where alluvium is covered by sulfate-rich wastes from steel-processing 
plants or from coal preparation plants. Sulfate in the fill material is 
dissolved by precipitation and, in dissolved form, moves through the 
soil to the saturated zone. Ground water from these areas can be a 
calcium sulfate type. The only ground-water samples from alluvium that 
are a calcium sulfate type are from areas where industrial wastes cover 
the alluvium. 
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Table 2.5.1-A.--Chemical properties of water from wells in alluvium 
[J.Ig/L, micrograms per liter; mg/L, milligrams per liter ] 

Property or 
Characteristic Mean Median Minimum Maximum 

pH (units) 7.2 6.7 7.9 

Hardness (mg/1 of Ca + Mg as CaC03 ) 310 240 150 1,700 

Calcium (mg/1 as Ca) 110 80 52 430 

Magnesium (mg/1 as Mg) 23 11 5.8 150 

Sodium (mg/1 as Na) 53 23 15 220 

Alkalinity, total (mg/1 as CaC03 ) 160 150 62 320 

Sulfate (mg/1 as so4) 200 97 14 2,400 

Chloride (mg/1 as C1) 24 18 1.7 100 

Fluoride (mg/1 as F) 0.1 0.1 0.0 0.3 

Solids, residue at 180°C (mg/1) 586 372 150 4,660 

Nitrite plus nitrate (mg/1 as N) 4.5 1.4 0.10 26 

Iron (ug/1 as Fe) 780 100 0 10,000 

Manganese ( ug/1 as Mn) 250 10 0 1,300 
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21 

24 
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13 
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24 

24 

24 

17 

21 

15 

23 

15 



2.0 GROUND-WATER HYDROLOGY (Continued) 

2.5 Chemical Quality of Water (Continued) 

2.5.2 Water in Bedrock 

THE QUALITY OF GROUND WATER GENERALLY 
IS ACCEPTABLE FOR DOMESTIC USE 

111E QUALITY OF GROUND VATER IH BEDR.OCI{ GENERALLY IS 
ACCEPTABLE FOR DOMESTIC USE. LOCALLY, CONCENTRATIONS 
OF TOTAL DISSOLVED SOLIDS, MANGANESE, NITRITE PllJS 
NITRATE, IRON, SULFATE, AND FIDORIDE EXCEED STATE 
LIMITS FOR PUBLIC-VATER SUPPLIES. HARDNESS 
DECREASES AND SULFATE IS REDUCED TO HYDROGEN 
SULFIDE AS GROUND VATER FLOVS FROM 11IE HILLTOPS 
TO 11IE VALLEYS. 

The quality of ground water from the bedrock generally is 
acceptable for domestic use. Table 2.5.2-A is a summary of some of the 
chemical characteristics of ground water according to rock group and 
vertical distance from the drainage divide to the bottom of the well. 
Locally, concentrations of total dissolved solids, manganese, nitrite 
plus nitrate, iron, sulfate, and fluoride exceed the limits for public­
water supplies set by the West Virginia State Board of Health (1981). 

The percentage of wells that yield water with concentrations of 
total dissolved solids, manganese, and iron in excess of the State 
limits increased with increasing vertical drainage distance. The 
concentrations of total dissolved solids and manganese each exceeded the 
limits in 4 of 61 water samples where vertical drainage distance was 
less than or equal to 225 feet. The number of samples that exceeded 
total dissolved solids and manganese limits increased to 5 of 19 where 
vertical drainage distance was greater than 225 feet. All of the sites 
with vertical drainage distance les~ than or equal to 225 feet were on 
hilltops or upper hillsides near hilltops. All but four of the sites 
with vertical drainage distance greater than 225 feet were on valley 
bottoms or on the lower part of hillsides near the valley bottoms. The 
concentration of iron did not exce~d 300 ug/L at any of 61 samples where 
vertical drainage distance was less than or equal to 225 feet; however, 
the concentration of iron was greater than 300 ug/L in 2 of 19 samples 
where vertical drainage distance was greater than 225 feet. 
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Ground water that has recently entered the flow system typically is 
a calcium bicarbonate and very hard. However, ground water typically is 
softened by a chemical process known as cation exchange as it flows from 
hilltops to valleys. The mean hardness was 240 mg/L for samples 
collected from sites with a vertical drainage distance of less than or 
equal to 75 feet but only 93 mg/L for samples collected from sites with 
a vertical drainage distance greater than 225 feet. Hardness is 
directly related to the concentration of calcium and magnesium ions in 
water. As ground water moves through the flow system, calcium ions in 
the water are exchanged for sodium ions on clay surfaces. This causes a 
decrease in the concentration of calcium ions and a corresponding 
increase in the concentration of sodium ions in the water. The mean 
concentration of calcium in samples from sites where the vertical 
drainage distance was less than or equal to 75 feet and greater than 225 
was 76 mg/L and 28 mg/L, respectively. The mean concentration of sodium 
in samples from sites where the vertical drainage distance was less than 
or equal to 75 feet and greater than 225 feet was 10 mg/L and 120 mg/L, 
respectively. Figure 2.5.2-B shows the decrease in calcium ions and 
corresponding increase in sodium ions based on the percentage of total 
cations, in milliequivalents per liter. 

Sulfate reduction is another important process that occurs in the 
flow system of the bedrock. Sulfate is reduced to hydrogen sulfide as 
ground water flows from hilltops to valleys. The mean concentration of 
dissolved sulfate in ground water decreases from 62 mg/L, in·sites with 
a vertical drainage distance less than or equal to 75 feet, to 30 mg/L 
at sites with a vertical drainage distance greater than 225 feet. 
Although the samples were not analyzed for hydrogen sulfide, the rotten­
egg odor of hydrogen-sulfide gas was noticed at many valley and lower 
hillside sites. The odor was not noticed at upper hillside or hilltop 
sites. 

The data are insufficient to determine if longwall m1n1ng affects 
ground-water quality. There is some potential for mining to affect 
ground-water quality inasmuch as the ground-water-flow paths are altered 
by new or widened fractures caused by mining. Subsidence can cause 
fracturing, which can increase recharge rates, so that water quality can 
change as a result of reduced contact time. 
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Table 2.5.2-A.--chemical properties of water from bedrock sites 

[ug/L, micrograms per liter; mg/L, milligrams per liter] 
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Category ::r:: CCI CCI CCI S ~.e o e ...... e ;j e ..c: s ri e 0~ ........ e 1-1 ~ ~~ p.. ::r::u U'-' {/)'-" <- {/)'-" u- ~- tl) CCI z~- H'-' 

Mean --- ~ ~--:220- ---6 7- ----p;---~28~-- - 200 54 12 0.2 342 2.5 10 20 
Dunkard Median 7.4 230 69 12 12 200 46 8.4 0.2 334 1.4 10 0 
Group Minimum 6.5 4 1.1 0.2 3.5 55 8.5 1.2 0.1 158 0.10 0 0 

Maximum 9.2 550 170 31 190 390 290 99 1.1 825 16 60 470 
Number of samples 72 72 72 72 72 72 72 72 72 71 72 72 72 

VJ He an -- 110 33 .. 6.8 140 330 33 44 1.0 472 0.27 410 140 
\.0 Nonongahela Median 7.8 120 31 7.8 92 310 25 16 0.9 36~ 0.10 80 50 

Group Minimum 7.3 3 0.8 0.3 18 170 3.2 2.4 0.1 247 0.10 0 0 
Maximum 9.0 250 86 14 300 520 76 140 3. 1 796 1.6 2500 930 
Number of samples 11 11 11 11 11 11 11 11 11 11 11 11 11 
Mean --- --·- 240 76 13 10 170 62 9.2 0.2 326 2.8 10 30 --
Median 7.5 240 72 11 8.2 160 51 7.9 0.2 313 2.0 10 0 

~ 75 Minimum 7.2 140 45 3.0 3.5 100 23 2.1 0.1 167 0.10 0 0 
C1) Maximum 8.1 430 130 26 21 260 230 24 0.3 686 12 60 470 co~ 
CCI Cll Number of samples 22 22 22 22 22 21 22 22 22 22 22 22 22 ~ C1) 

o,..j'+ol Mean -- 260"'" ____ 70"----rb 23 200 57 16 0.2 366 3.2 10 t"o CCI 
1-1 ~ He dian 7.4 270 76 18 12 ioo 42 9.7 0.2 350 2.2 0 0 "''o,..j 

e ... 76-150 Hinimum 6.9 62 14 4.7 4.1 73 23 1.2 0.1 186 0.10 0 0 
o e Maximum 8.0 550 170 31 140 310 290 99 0.3 825 16 20 240 1-1 0 
4-1~ Number of samples 28 28 28 28 28 28 28 28 28 27 28 28 28 ~ 

C1) 0 Mean -- 2ITb 57 14 35 190 47 11 0.2 319 1.1 10 10 u..c 
~ He dian 7.5 210 66 14 16 190 40 5.9 0.1 311 0.97 10 0 CCiri 
~ ~ 151-225 Minimum 7.2 54 17 3.0 5.1 160 22 3.4 0. 1 226 0.10 0 0 ..... ) 
A Maximum 8.0 330 93 24 150 230 85 22 0.3 447 2.7 30 20 

0 Number of samples 11 11 11 11 11 11 11 11 11 11 11 11 11 ...... ~ 
CCI Mean ___ -- 93 28 5.9 120 290 30 30 0.8 410 0.45 240 90 u C1) 

o,..j"CJ Median 7.9 100 29 5.6 93 260 25 10 0.5 348 0.10 20 10 ~ ..... 

~ ~ > 225 Hinimum 6.5 3 0.8 0.2 6.6 54 3.2 2.4 0. 1 158 0.10 0 0 
:>"0 Maximum 9.2 250 86 14 300 530 76 140 3. 1 796 5.1 2500 930 

Number of samples 19 19 19 19 19 18 19 19 19 19 18 19 19 



100 

90 

en z 
0 80 -f-t a: 
c.J 

70 
_.] 
a: 
f-t 
0 

60 f-t 

"-0 

[aJ 50 
CD 
a: 
f-t z 40 
[aJ 
c.J 
a::: 
[aJ 

30 Q.. 

z a: - 20 c 
[aJ 
:E: 

10 

0 
~ 
0 

72.5 

6.7 

LESS THAN 76 
£22 ANALYSESl 

65.3 
61.5 

H.S 
8.5 

76 TO 150 151 TO 225 
£28 ANALYSES) £11 ANALYSESl 

VERTICAL DRAINAGE DISTANCE, IN fEET 

EXPLANATION 

0 Calcuirn 

~ Sodium 

72.9 

20.7 

GREATER THAN 225 
£19 ANALYSES) 

61.5 NUmber is median percentage of total 
cations comprised by sodium or calcium 

Figure 2.5.2-B.--Sodium and calcium ions as a percentage of total 
cations (in milliequivalents per liter) in ground 
water from sites with various ranges of vertical 
drainage distance. 



3.0 LONGWALL MINING 

3.1 Longwall-Mining Methods and Coal Production 

LONGWALL MINING IS A HIGH-YIELD 
METHOD OF COAL MINING 

LONGWAU. HINING IS A HIGH-YIELD HETHOD OF COAL 
REMOVAL IN VIIICH NO ROOF SUPPORTS ARE LEFT IN THE 
.KINED-OOT AREA. miS HETHOD OF HINING IS USED FOR 
KORE THAN HALF OF THE COAL PRODUCED IN THE COUNTY. 

Longwall mining is a high-yield method of coal removal in which no 
roof supports are left in the mined out area. Coal-removal rates 
commonly are greater than 75 percent. The first step in longwall mining 
is the construction of two parallel tunnels, coming from the main 
tunnel, which are used for haulage, ventilation, and escape. The two 
tunnels are joined at the rear by a third tunnel. This leaves a 
rectangular block of coal called a panel. Figure 3.1-A shows a plan 
view of a typical longwall panel. Longwall panels usually are 500 to 
600 feet wide and from 3,000 to 7,000 feet long. The mining machinery 
is placed in the rear tunnel along the face of the coal seam, and mining 
progresses toward the main tunnel. This is known as retreat longwall 
mining. The roof of the mined out area collapses as the mining 
progresses. The roof is mechanically supported at the mining face to 
protect the miners and mining machinery from cave-ins. 

The Pittsburgh coal seam at the base of the Monongahela Group is 
the only seam presently mined in the County. Coal mining began prior to 
1900, and was restricted to the Ohio River front between Moundsville and 
the Marshall-Ohio County line. About 4.6 million tons were mined· 
between 1888 and 1908 (Hennen, 1909, p. 535). Mean annual coal 
production from 1980 through 1985 was 5.1 million tons, more than half 
of which was mined using the longwall method (West Virginia Department 
of Mines Annual Reports, 1980 to 1985). The remainder of coal was mined 
using room-and-pillar methods, in which blocks of coal are left intact 
for roof support. Maps showing the location and method of mining of 
active and inactive underground mines as of January 1, 1984, are 
contained in Appendix D. 
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LONGWALL METHOD ROOM-AND-PILLAR METHOD 

Not to scale 

Note: Reprinted from Popular Science with permission (c) 1977, 
Times Mirror Magazines, Inc. Author-Britton, P. 

Figure 3.1-A.--Diagram of longwall and room-and-pillar methods of 
coal mining. 
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3.0 LONGWALL MINING (Continued) 

3.2 Ground Movement and Overburden Fracturing 

OVERBURDEN COLLAPSE CAN CAUSE LAND SUBSIDENCE 

lACK OF SUPPORT THAT RESULTS FROK REMOVAL OF COAL 
CAUSES SUBSIDENCE AND FRACTDR.ING OF THE OVERBURDEN. 

Mining by longwall methods commonly extracts 75 percent or more of 
the coal and allows the overburden to collapse as the mining face moves 
forward. A dome-shaped zone of caving forms in the overburden 
(figure 3.2-A). The zone of caving is highly fractured and extends 
upwards 30 to 50 times the mining height (Peng and Cheng, 1981). The 
rock above the zone of caving sags in the shape of a trough. A sinkhole 
can form if the zone of caving reaches land surface. The size and shape 
of the subsidence trough depends on a combination of factors. The most 
important factors are (1) depth and width of mining, (2) lithology and 
structure of the overburden, (3) mining height, (4) mining face 
location, and (5) number of mining panels. Each factor is discussed in 
table 3.2-B. 

The degree of subsidence differs locally because of variations in 
these factors. A computer model was developed by the U.S. Bureau of 
Mines to estimate the amount of subsidence at land surface based on 
panel width, mining height, and overburden thickness ·(Adamek and Jeran, 
1985). The model was developed using data from mines in the Pittsburgh 
coal seam in northern Appalachia. Using the model, subsidence profiles 
were estimated for a panel width of 550 feet, a mining height of 5.5 
feet, and overburden thicknesses of 650 and 950 feet (figure 3.2-C). 
These values are typical of longwall panels in Marshall County. A 
constant overburden thickness was assumed across the width of the 
subsidence profile. The model predicted a maximum subsidence at the 
center of the panel of 3.22 feet for·an overburden thickness of 650 feet 
and 2.83 feet for an overburden thickness of 950 feet. 

Horizontal movement of the overburden also would occur within the 
subsidence trough. The overburden within the inner·half of the 
subsidence trough initially undergoes extension and then compression as 
the rock strata sag inward. The outer half of the subsidence trough is 
subjected only to the initial extension. 

Subsidence and horizontal movements of the overburden cause 
fracturing. Pre-mining fractures may be widened or narrowed. Fractured 
areas typically are zones of weakness and, as a result, are particularly 
susceptible to additional fracturing. Overburden movement at ground 
surface can cause the formation of open fractures, depressions, slips at 
weak points, and ground upheavals. Hobba (1981, p. 40) reported that 90 
percent of 55 subsidence fractures measured near Farmington in Marion 
County, West Virginia, were oriented in the same direction as major 
joint systems in the rock. 
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Figure 3.2-A.--Generalized cross section of a typical subsidence 
profile. (Modified from Booth, 1986). 
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Table 3.2-B.--Factors that influence the shape and extent of the surface subsidence trough 
(Modified from Peng and Cheng, 1981) 

FACTOR 

Depth and Width of Mining 

Lithology and Structure 
of the Overburden 

Nining Height 

Mining Face Location 

Multiple Panel Mining 

EFFECT ON SURFACE SUBSIDENCE 

As the width of the 1:1ine increases, the subsidence trough deepens and spreads horizontally. 
However, there is a limit to the amount of subsidence that can occur, called maximum possible 
subsidence. Critical \vidth is that mining \vidth \vhich causes maximum possible subsidence at 
a point at land surface. Critical width can be calculated as follows: We= 2 h (tan~), where 
We is the critical width, h is the mining depth, and « is the angle of draw. The angle of 
drm·J is the angle bet\veen the vertical and a line drawn from the edge of the mine panel to the 
edge of the subsidence trough. The angle of draw for the eastern United States ranges from 
15 to 27 degrees and averages about 25 degrees (Jones, T. Z., and Kohli, K. K., written 
Communication, October 1983). The mining depth at longwall mines in the County ranges from 
about 300 to 380 feet under valleys to 700 to 950 feet under ridges. Longwall mine panels 
range from 500 to 600 feet wide. A panel wider than the critical width does not deepen the 
subsidence trough at the center, but the maximum possible subsidence may occur over a large 
part of the panel. Thus, a profile of the subsidence trough generally has a broad, flat 
bottom. If the mine width is constant, and the depth of mining increases, the subsidence trough 
will become shallower and narrower, and vice versa. 

The strength and deformational properties of the overburden are controlled by rock type and 
structural features such as joints, faults, and bedding planes. Subsidence troughs typically 
are shallower and narrower in areas where the percentage of sandstone and limestone within the 
overburden is high. Overburden containing thick beds of sandstone and limestone is more 
resistant to subsidence than overburden containing alternating thin layers of shale, sandstone, 
and limestone. A thick layer of sandstone in the overburden can suppress upward propagation of 
fractures. The depth and horizontal extent of subsidence in a given area is not constant 
because of lateral changes in lithology. Shale is the most common rock type in the overburden 
of the Pittsburgh coal seam (see section 1.3). Sandstone beds are rarely 50 feet thick, and 
are not persistent. Limestone beds are thickest in the first 300 to 350 feet above the 
Pittsburgh seam. The Benwood Limestone is commonly 60 feet thick, and is typically interbedded 
with limy shale. Limestone beds commonly are less than 10 feet thick higher up in the 
overburden. Sandstone and limestone beds probably reduce subsidence at the surface, but are 
too thin and weak to eliminate it completely. Joints, faults, and bedding planes are zones of 
weakness in the overburden; and are especially susceptible to further fracturing. 

An increase in mining height will deepen and widen the subsidence trough. 

The leading edge of subsidence precedes the mining face by about 0.8 times the mining depth. 
For example, subsidence typically precedes the mining face by about 640 feet where the mining 
depth is 800 feet below land surface. The amount of subsidence slowly increases as the mine 
approaches. When the mining face is directly below, the amount of subsidence is about six 
percent of the total subsidence that will occur for a mining depth of 400 feet, and about nine 
percent for a mining depth of 800 feet. The rate of subsidence accelerates after the mining 
face has passed. The total subsidence occurs when the mining face has passed beyond beyond 
by about 680 to 1,040 feet for mining depths of 400 and 800 feet, respectively. The slower 
the mining rate, the longer length of time subsidence will occur. 

The amount of subsidence caused by the passage of one longwall mine panel could increase with 
the passage of an adjacent panel. The panels typically are parallel and separated by panel 
entries about 150 feet wide. 
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4.0 HYDROLOGIC EFFECTS OF LONGWALL MINING 

4.1 Transmissivity 

LONGWALL MINING INCREASES AQUIFER TRANSMISSIVITY 

AQUIFER. TESTS SHOWED SIGNIFICANT INCREASES IN TRANSKISSIVITY 
AT NO OF TIIREE SITES AFTER. IDNGWALL KINING OCCURRED. 

Pre- and post-mining aquifer tests were made at sites 298, 301, and 
307. Significant increases in estimated transmissivity occurred at sites 
298 and 301. The aquifer tests were made using the single-well injection 
and recovery methods described in figures 4.1-A and 4.1-B. The tests 
were made on wells tapping perched aquifers in the overburden. Data from 
the individual tests are in table 4.1-C·. 

Pre-mining aquifer tests at site 298 were made using the injection 
and recovery methods. Pre-mining injection tests were made at selecte2 
depth intervals during drilling. Pre-mining tr2nsmissivity was 3.7 ft /d 
as determined by the injection method and 10 ft /d as determined by the 
recovery method. Post-mining injectio2 tests indicated that 
transmissivity had increased to 160 ft /d. The mining face had passed 
under the site about five months prior to the test, and was more than 
2,600 feet beyond the site at the time of the test. Site 298 is near the 
center of the longwall panel, and the overburden thickness is about 820 
feet. The recovery method could not be used for post-mining aquifer 
tests because of a partial collapse of the perforated casing, which 
prevented the pump from being lowered into the well. 

Pre-mining aquifer tests at site 301 were made using the injection 
method. They were performed at selected depth intervals dur~ng drilling. 
Pre-mining transmissivity was negligible (less than 0.001 ft /d), as 
determined by the injection method. This indicates that few fractures 
were present. The well slowly filled with water after drilling was 
completed (hydrograph in Appendix C). The recovery method was not used 
because of the expected slow recovery rate. Post-mi2ing injection tests 
indicated that transmissivity had increased to 36 ft /d. The mining face 
had passed under the site about four months prior to the test, and was 
more than 1,500 feet beyond the site at the time of the test. Site 301 
is near the center of the longwall panel, and the overburden thickness is 
about 810 feet. As in the case of site 298, the recovery methoacould 
not be used for post-mining aquifer tests because of a partial collapse 
of the casing. 

Pre- and post-mining aquifer tests at site 307 were made usin~ the 
recovery method. Estima~ed transmissivity increased from 0.20 ft /d 
before mining to 0.31 ft /dafter mining. Subsidence fracturing at this 
site probably was not sufficient to cause a significant change in 
transmissivity. Pre- and post-mining caliper logs showed that only 3 
sections of the borehole, each 3 feet or less, were altered by subsidence 
fracturing. The mining face had passed under the site about 3 months 
prior to the test, and was more than 410 feet beyond the site at the time 
of the test. Site 307 is near the center of the longwall panel, and the 
overburden thickness is about 800 feet. 
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SITE 301 POST~MINING INJECTlON TEST 

C = 17 gallons per minute R = 0.25 f~~t 

~~\k-R~~~ 
Land surface 

1 
H = -.e.63 feet 

Satura'te•j 
thicknass = 
.53.90 feet 

1 

~4.00 feet - Bottom of c~s1n~ 

49.47 feet - ~ater lavel ma1nta1ned 
by inJeCtion during 
test 

96.10 feet - Sta~ic ~at~r level 

~------~150 fee~ - Bottom of well 

l~jgction tests wer~ made by discharging wa~er 1nto the borehol~, 
and measuring the rate of flow requ~red to maintain the water level at 
3 constant head above the static water lev~l. Hor1zontal nyjraulic 
conductivity was est1mated using the equation: 
K = C192.5>CrCIH where K = horizontal hydraulic cond~cti~ity, 1n f€et 

per day 
192.5 = convers1on from Q, in gallons p~r minute, 

-"'r 
L 
R ,., 
~ 

= 
= 
= 
= 

to {e~t cubed p~r day 
12-J-t 'J when L L 1 OR 
l~ngth of test section, in fe~t 
radius of hole testad, in feet 
injection rate into hole, ~n gallons 
per minute 

H = difference between static head 3nd the 
head maintained by injection, in teet 

This e~uation is a modification of an eQuation presented by th~ u.s. 
~~partment of Interior, Bureau of Reclamation {1974, p. 573-575). 
Transm~ssivity was calculated oy multiplying the hor~zontal 
nydraulic conductivity by the saturated thickness. 

~igure ~.1-A.--Description of injection-test m~tho~ 
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Residual drawdown plotted against the ratio of the time since pumping 
began over time since pumping stopped becomes a straight line on semi­
log graphpaper. Transmissivity is then calculated by the equation: 

T= (35.3) 0 
As' 

where 
T is transmissity, in foot squared per day, 
Q is pumping rate, in gallons per minute, and 

As'is change in residual drawdown over one log cycle, in feet. 
This equation is modified from Driscoll (1986, p.256). 

Figure 4.1-B.--Description of the recovery test method. 
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Table 4.1-C.--summary of data from aquifer tests 

{ft, foot; gal/min, gallon per minute; ft/d, foot per day; ft 2/d, foot squared per day) 

Summary of Data from Injection Tests 

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

Site 

Test section 
(ft below 
land surface) 

Static water Test water 
level (ft level (ft 
below land below land 
surface surface 

Injection 
rate 

(gal/min) 

Hydraulic 
conductivity 

(ft/d) 

Saturated 
thickness 

( f t ) 

Transmls­
s I v ~ ty 
(ft /d) 

-298-7~;;:;1~1~9,-~--------1763:3-=ii4:oo ___________ 17aa:65------------o:oo ___________ o:r4----------o:or---------~------------~-----
298 (pre-mining) ]/63.3 -150.00 113.00 0 6.25 .11 37.00 3.7 
298 (post-mining) 112.08-150.00 123.28 112.08 17.0 6.16 26.72 160 
301 (pre-mining) 44.00-150.00 1197.00 0 .01 110.001 53.00 _3!<0.001 
301 (post-mining) 49.47-150.00 96.10 49.47 17.0 .67 53.90 36 

----------------------------------------------------------------------------------------------------------------------------------(1) Transmissivity for this section was estimated by subtracting the horizontal hydraulic conductivity for the section from 
63.3 to 114 feet from the hydraul lc conductivity for the section from 63.3 to 150 feet, and then multiplying by the 
saturated thickness. 

~ (2) The static water level was unknown, and for estimating purposes was assumed to be the midpoint of the well. 

(3) The symbol "<" Is less than value Indicated. 

Test section 
(ft below 
land surface) 

Summary of Data from Recovery Tests 

Static water 
level (ft 
below land 
surface) 

Orawdown 
at end of 
recovery 
per lod (ft 
below land 
surface) 

Pumping 
rate 

(gal/min) 

Pumping 
period 
(min.) 

Recovery 
period 
(min.) 

Transmis­
sivity 
( f t2/d) 

------------------------------------------------------------------------------------------------------------------------------------298 (pre-mining) 115.00-150.00 115.00 o.oa 0.41 75.9 184 10 
307 (pre-mining) 25.00-59.00 25.00 13.51 1.44 74.6 291 0.20 
307 (post-mining) 29.68-59.00 29.68 7.45 .49 120 253 .31 



4.0 HYDROLOGIC EFFECTS OF LONGWALL MINING (Continued) 

4.2 Ground-Water Flow System 

4.2.1 Ground-water levels 

LONGWALL MINING ALTERS GROUND-WATER LEVELS 

INCREASES IN PERMEABILITY CAUSED BY LONGWALL HIRING 
HAVE AFFECTED GROUND-VATER LEVELS. THE HEAR VATER­
LEVEL DECLINE AFTER. HIRING VAS 1. 56 TO 41. 99 FEET. 

Increased overburden permeability caused by subsidence fracturing 
associated with longwall mining alters the ground-water flow system. 
Subsidence fracturing can cause a decline in ground-water level by 
increasing the leakage through confining beds and by increasing the 
storage within the rock. Perched sandstone aquifers underlain by 
impermeable beds of shale or clay are the main source of water to wells 
on or near hilltops. Fracturing in confining beds can cause a decline 
in water level as a result of increased leakage through the fractures 
into the underlying beds. Subsidence fractures, in particular, can 
cause water-level declines as ground water moves to occupy the new or 
widened openings. 

Two longwall panels were formed beneath 10 observation wells during 
the project period. Seven wells were underlain by one longwall panel. 
The other three wells were underlain by a panel about 4.6 miles from the 
other panel. All 10 wells were located on hilltops and ranged from 17 
to 150 feet in depth. The overburden thickness ranged from 670 to 804 
feet. The longwall panels were 500 to 600 feet wide, and the mining 
height was about 5.5 feet. All of the wells were at or near the center 
of longwall panels, except wells 227 and 303. 

The hydrographs of each well, observed precipitation, and normal 
precipitation are shown in figure 4.2.1-A. The hydrographs show changes 
in ground-water levels that occurred when the longwall face had advanced 
to within a few hundred feet of the wells. The initial effect was a 
decline in ground-water level followed by a partial recovery as ground­
water levels reached a new equilibrium. Water levels did not return to 
pre-mining levels during the post-mining monitoring period. The time 
from initial decline to end of partial recovery was no longer than 
1 month. This decline and partial recovery was especially noticeable at 
sites 224, 301, and 303. Booth (1986) notes that the shallow overburden 
layers first undergo extensional fracturing, followed by partial 
recompression. The initial water-level decline corresponds to the 
period of extension fracturing when vertical leakage increases and 
additional storage space is created. Partial recompression contributes 
to the partial recovery by closing some of the new fractures and 
decreasing leakage from the aquifers. 
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Table 4.2.1-A compares pre-mining and post-mining mean water levels 
at 8 of the 10 observation wells. The mean post-mining water level 
ranged from l.S6 to 41.99 feet below mean pre-mining water levels. 
These declines could be partly caused by dry weather, inasmuch as 
precipitation was below normal for most of the data-collection period. 
Thirty-nine observation wells that had not been undermined during the 
study had water-level data sufficient to do a trend analysis for the 
study period. These 39 wells include areas not undermined and areas 
undermined by room-and-pillar or longwall methods prior to the study. 
Mean annual water levels were calculated for the periods spring 198S 
through winter 198S-86 and spring 1986 through winter 1986-87. The 
198S-86 period approximates the pre-mining period for six of the eight 
observation wells that were undermined during the study. Likewise, the 
1986-87 period approximates the post-mining period. The mean annual 
water level declined in 31 of the 39 observation wells that had not been 
undermined during the study. Excluding site 308, where water levels 
declined l.S6 feet, the pre-mining to post-mining declines were greater 
than the trend analysis declines in 3S of the 39 wells. This suggests 
that the declines in the eight observation wells that were undermined 
during the study were caused by a combination of the hydraulic effect of 
longwall mining and dry weather. Elevations of the measuring points at 
each well were not determined before or after mining, so it is unknown 
if they were affected by subsidence. 

Figure 4.2.1-C compares water levels between wells undermined by 
longwall methods and all other wells. These other wells are in areas 
not affected by mining· and areas undermined by room-and-pillar methods. 
Wells were considered to be undermined if they were within an angle of 
draw of 2S degrees from the edge of a longwall panel. The mean seasonal 
depth to water was lower for wells undermined by longwall methods than 
for other wells at each depth range. This suggests that longwall mining 
typically causes a decline in ground-water levels. 

There were more dry wells in longwall-mined areas than in other 
areas. Twenty-nine percent of the wells in longwall mined areas were 
dry at least once during the study period compared to only 3 percent of 
the wells in other areas. Wells less than SO feet deep were more likely 
to go dry than wells greater than or equal to SO feet deep. In longwall 
mined areas, S of 10 wells less than SO feet deep were dry in the early 
fall when ground-water levels are usually at their lowest. During the 
same period, only 3 of 18 wells greater than or equal to SO feet deep 
went dry. 

52 



Table 4.2.1-A--Summary of pre-mining and post-mining ground-water 
levels. 

[ft, feet] 

Mean Annual Mean Annual 
pre-mining post-mining Change in 
water level water level mean annual 

Well (ft below (ft below water level 
number land surface) land surface) (ft) 

223 8.94 16.12 - 7.18 
224 36.78 78.77 -41.99 
298 112.52(1) 121.59 - 9.07 
303 26.97 52.68 -25.71 
305 14.78 17.52 - 2.74 
306 18.64 23.22 - 4.58 
307 24.11 29.48 - 5.37 
308 16.85(2) 18.41 - 1.56 

Note: Wells 223, 224, 305, 306, and 308 were dry during the post­
mining period. The depth of the well was. used as an estimate 
of the water level. The number of visits the wells were dry 
are as follows: well 223--dry 14 out of 34 visits, well 224-­
dry 7 out of 35 visits, well 305--dry 10 out of 23 visits, 
well 306--dry 18 out of 26 visits, well 308--dry 5 out of 
14 visits. 

Well: 227 was not included in the table because of a lack of pre­
mining data. 

Well: 301 was not included in the table because the borehole was 
dry when drilled. The hydrograph for well 301, in illustration 
4.2.1-B shows a constantly rising water level prior to mining 
as ground water slowly seeped into the well. 

(1) Based on mean water level for summer, fall. 
(2) Based on mean water level for summer, fall, and winter. 
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Figure 4.2.1-B.--Hydrographs of pre-mining and post-mining ground­
water levels. 
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Figure 4.2.1-B.--Hydrographs of pre-mining and post-mining ground­
water levels.--Continued 
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4.0 HYDROLOGIC EFFECTS OF LONGWALL MINING (Continued) 

4.2 Ground-Water Flow System (Continued) 

4.2.2 Water-Level Fluctuations 

LONGWALL MINING CAN INCREASE WATER-LEVEL FLUCTUATIONS IN WELLS 

IDNGVALL HINING CAN CAUSE AN INCRF.ASE IN VATER-LEVEL 
FIJJCTOATIONS IN WELLS. THE VATER LEVEL IN WELLS IN 
IDNGVALL-KINED AREAS FI.DCTOATED AT LEAST 5.48 FEET 
PER. YEAR MORE THAN THE VATER. LEVEL IN WELLS IN OTHER. 
AREAS, EXCEPT IN WELLS LESS THAN 50 FEET DEEP. 

Longwall mining can cause an increase in water-level fluctuations. 
Figure 4.2.2-A shows the mean annual water-level fluctuation in wells of 
several depth ranges at longwall-mined areas and other areas. The mean 
annual fluctuation was calculated from water-level data collected 
between spring 198S and spring 1987. Other areas include unmined areas 
and areas undermined by room-and-pillar methods. Annual water-level 
fluctuation is the difference between the highest and lowest depths to 
water measured during a year. Excluding wells less than SO feet deep, 
the mean annual fluctuation was at least S.48 feet more in wells in 
longwall-mined areas than in wells in other areas. However, the mean 
annual fluctuation of 6.22 feet for wells that are less than SO feet 
deep in longwall-mined areas is conservative because S of the 10 wells 
in this depth range were dry at least once during the study. In these 
cases, well depth was used as an estimate of the ground-water level, 
when, in reality, the water level was below the bottom of the well. 

Surficial subsidence fractures caused by longwall mining increase 
the amount and rate of recharge from precipitation. Underground 
subsidence fractures increase the rate of ground-water movement to and 
through aquifers. Therefore, post-mining ground-water levels typically 
rise more rapidly during and immediately after precipitation than pre­
mining ground-water levels. Pos_t-mining ground-water levels also 
decline more rapidly after precipitation. The hydrograph of well site 
303 in Appendix C shows a pre-mining range in water level of 10.64 feet 
and a post-mining range of 30.SO feet. A longwall panel was beneath 
this site in the spring of 1986. 
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4.0 HYDROLOGIC EFFECTS OF LONGWALL MINING (Continued) 

4.2 Ground-Water Flow System (Continued) 

4.2.3 Spring Discharges 

LONGWALL MINING CAN DECREASE SPRING DISCHARGE 

THE MEAN ANNUAL SPRING DISCBAR.GE VAS 0. 32 GAL/MIN IH 
LORGWALL HIRED AREAS AND 0. 94 GAL/MIN IH UNKINED AREAS. 
DISCHARGE DECREASED AT l1IR1U: OBSERVATION SPRINGS ABOVE 
LORGWALL-KINE PANELS. 

Springs and seeps are formed where ground water is diverted to 
hillsides by a semiconfining layer of clay or shale. A decrease in 
springflow can occur if subsidence fracturing causes increased vertical 
leakage of water through the semiconfining layer. Figure 4.2.3-A 
summarizes discharge data from 13 springs into unmined and longwall­
mined categories. The mean annual discharge was significantly lower for 
springs in areas where longwall mining had occurred (0.32 gal/min) than 
for springs in unmined areas (0.94 gal/min). Mean seasonal discharges 
also were consistently lower for springs in longwall mined areas than 
for springs in unmined areas. No flow was observed at least once at all 
of the seven springs in longwall mined areas but at only three of the 
nine springs in unmined areas. The hydrographs of all monitored springs 
are presented in Appendix C. 

Spring sites 72, 75, 209, 210, 309, 310, 316, 337, and 390 were 
undermined by the longwall method before data collection began. 
Approximate dates of undermining are as follows: site 72--May 1984; 
site 75--March 1983; site 209--January 1984; site 210--January 1983; 
site 309--December 1984; site 310--January 1985; site 316--January 1984; 
site 337--November 1979; and site 390--January 1984. These sites were 
visited from February 27 to May 16, 1985--a time when springs usually 
flow. Sites 72, 75, 210, 309, 316, and 337 were dry when visited. 
Sites 209, 310, and 390 were flowing at 0.75 gal/min, 0.12 gal/min, and 
0.75 gal/min, respectively. Maps showing the location of these springs 
are presented in Appendix B. 

Longwall m1n1ng can cause new springs or seeps to form. Several 
land owners reported the presence of new springs after longwall mining 
came beneath an area. These new springs typically were formed downslope 
from a spring that had decreased in flow. 
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Discharge decreased after longwall m1n1ng at three overlying 
springs during the study. Spring site 225 was monitored for 3 months 
before mining and for 22 months after mining. Longwall mining occurred 
under the site in May 1985. The overburden thickness is about 780 feet. 
The mean pre-mining discharge was 4.08 gal/min, and the spring was not 
observed to be dry. The spring went dry within 1 month after being 
undermined and had not resumed flow as of March 1987. Spring site 228 
was monitored for about 14 months before mining, and had a mean annual 
discharge of 0.70 gal/min. The minimum measured pre-mining discharge 
was 0.06 gal/min on October 29, 1985. A longwall panel was beneath 
the hilltop near the spring in June 1986, but not beneath the spring's 
discharge point. The spring is located about 175 feet from the edge of 
the longwall panel, and the overburden thickness is about 810 feet. The 
spring was dry within 1 month after mining had occurred and had not 
resumed flow as of March 1987. Spring site 300 is above the center of a 
longwall panel and is about 60 to 70 feet below the top of the ridge. 
The overburden thickness is about 750 feet. Discharge was monitored for 
11 months before mining and for 1 year after mining. A longwall panel 
was located beneath the site in March 1986. The mean annual discharge 
declined from 1.66 gal/min before mining to 0.92 gal/min after mining. 
Minimum discharges were 0.31 gal/min before mining and zero after 
mining. 

The reduced flow at sites 225, 228, and 300 probably was caused in 
part by dry weather, because precipitation was below normal for most of 
the study period. Discharge data from eight springs in areas not 
affected by mining during the study were used for a trend analysis. 
Mean discharges were calculated for the periods spring 1985 through 
winter 1985-86 and spring 1986 through winter 1986-87. Mean discharge 
decreased at seven of the eight springs from 1985-86 to 1986-87. 
Decreases in discharge ranged from 0.06 to 0.72 gal/min, but none of the 
springs went dry. This suggests that the decrease in discharge at sites 
225, 228, and 300 were, in part, caused by dry weather. 
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5.0 SUMMARY 

Marshall County is a 315-square-mile area at the base of the 
Northern Panhandle of West Virginia. It is bordered by Pennsylvania to 
the east, Ohio to the west, Ohio County to the north, and Wetzel County 
to the south. The topography is characterized by long, narrow ridges 
with steep slopes and narrow valleys. Sixty-four percent of the land is 
forested. Agricultural land, primarily pasture, comprises about 31 
percent of the land area. 

Data were collected for the study from February 1985 through March 
1987. Data collection included a well and spring inventory, water level 
and spring discharge monitoring, aquifer testing, geophysical logging, 
ground-water sampling for chemical analysis, and observation well 
drilling. 

Mean annual precipitation ranges from about 38.50 to 42.25 inches. 
July typically is the wettest month and February, the driest. Snowfall 
averages about 30 inches per year. 

Two bedrock units crop out. The Dunkard Group is exposed 
throughout the County except along the Ohio River and the lower reaches 
of the tributaries to the Ohio River, where the Monongahela Group is 
exposed. The bedrock consists of layers of shale, sandstone, limestone, 
and coal. Shale is the most common type of rock. The rocks generally 
dip to the southeast. The axis of the anticlines and synclines have a 
northeast-southwest trend. 

Unconsolidated alluvial deposits of clay, silt, sand, and gravel 
cover the bedrock on the Ohio River floodplain and the lower reaches of 
the Ohio River's tributaries. The thickness of alluvial deposits ranges 
from less than 10 feet to more than 100 feet. In many places the 
alluvium has been covered by fill material, such as slag from steel­
processing plants and wastes from coal-preparation plants. 

Approximately 13.1 Mgal/d of ground water was withdrawn in 1985 for 
industrial, public supply, mining, and domestic self-supplied uses. 
Average daily withdrawals by type of use were as follows: industrial--
9.04 Mgal, public supply--2.17 Mgal, mining--1.63 Mgal, and domestic 
self-supply--0.25 Mgal. 

Precipitation is the sole source of ground water in bedrock 
aquifers. Ground water flows from hilltops to valleys. The mean 
reported yield for bedrock wells is 5.2 gal/min, and the mean annual 
spring discharge is 0.94 gal/min. Ground water in the alluvium of the 
Ohio River floodplain is derived from infiltration of precipitation, 
inflow from the surrounding bedrock, seepage from streams, and induced 
inflow from the Ohio River. Most wells that tap the alluvium are 
capable of yielding several hundred gallons per minute. Radial 
collectors that induce infiltration from the Ohio River may yield 
several thousand gallons per minute. 
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5.0 SUMMARY (Continued) 

The chemical quality of ground water generally is acceptable for 
domestic use. Locally, concentrations of manganese, iron, sulfate, 
total dissolved solids, nitrite plus nitrate, fluoride, and arsenic 
exceed State limits for public water supply. 

Ground water that has recently entered the bedrock flow system 
generally is calcium bicarbonate in type and very hard. However, 
hardness decreases and sulfate is reduced to hydrogen sulfide as ground 
water flows from the hilltops to valleys. Water from the alluvium 
typically is a calcium bicarbonate type and very hard. Fill material 
can be a source of sulfate to ground water in the alluvium, and, in some 
areas, sulfate is the predominant anion. 

All of the coal mined in the County is from the Pittsburgh seam. 
Mean annual coal production from 1980 through 1985 was 5.1 million tons, 
more than half of which was mined by using the longwall method. Roof 
collapse as a result of longwall mining causes vertical and horizontal 
movement within the overburden, resulting in a trough-shaped land­
subsidence profile. The most important factors governing the depth, 
areal extent, and upward propagation of subsidence are (1) depth and 
width of mining, (2) lithology and structure of the overburden, (3) 
mining height, (4) mining face location, and (5) number of mining 
panels. The maximum estimated subsidence at the center of the trough 
ranged from 3.22 feet to 2.83 feet for a panel width of 550 feet, a 
·mining height of 5.5 feet, and overburden thicknesses of 650 and 950 
feet, respectively. 

Subsidence fracturing increases the permeability and storage of the 
overburden. Pre- and post-mining aquifer tests indicated significant 
increases in transmissivity at two of three2sites. Estimated 
transmis~ivity increased from 3.7 to 160ft /d, and from less than 0.001 
to 36 ft /d at two sites. The2transmissivity at the third site 
increased from 0.20 to 0.31 ft /d. 

Increases in permeability of the overburden alter the ground-water 
flow system and causes changes in ground-water levels, water-level 
fluctuation, and spring discharge. The mean water-level decline in each 
of eight observation wells ranged from 1.56 to 41.99 feet after mining. 
These declines were caused by the combined effects of mining and dry 
weather. Water levels were also monitored in wells in areas undermined 
by the longwall method prior to this study. The mean seasonal water 
level ranged from 2.64 to 31.35 feet lower in wells in longwall-mined 
areas compared to wells in other areas. Twenty-nine percent of the 
wells in longwall-mined areas were dry at least once during the study 
period compared to only 3 percent of the wells in other areas. Longwall 
mining can cause an increase in water-level fluctuations. Except for 
wells less than 50 feet deep, the mean annual water-level fluctuation 
was at least 5.48 feet per year more for wells in longwall-mined areas 
than for wells in other areas. For example, the pre-mining fluctuation 
in mean annual water level in well 303 was 10.64 feet, and the post­
mining fluctuation in mean annual water level was 30.50 feet. 
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5.0 SUMMARY (Continued) 

Longwall mining can decrease spring discharge. The mean annual 
discharge was 0.32 gal/min for springs in areas of longwall mining and 
0.94 gal/min for springs in unmined areas. Discharge decreased at three 
springs above longwall-mine panels. After longwall mining, several land 
owners reported the formation of new springs where no springs had flowed 
prior to mining. 
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Table A-1 Records of wells and springs 

topographic setting: 

B- hilltop 
S- hillside 
v- valley 

Geologic fo[1118tion: 

A - ().latemary .AlluviUIII 
D - D.JnkArd Croup 
H - ttxlongahela Ccoup 

Site type: 

D- dug wll 
Pl - drilled well 
s- apd.ng 
I - nd1al collector 

APPENDIX A 

Elcplanation 

C - cheaical analyses 
LC - caliper log 
lD - drillers log 

~: 

LE - electric reautivity log 

LG - gsma ray log 
H - uses water level or spring 

diacharge aarltoring aite 
T - aquifer teat __ no data 
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19 'i'i ~ (,-oX03i 3J 

D 

t>R. 

bR. 

()R 

DR.. 

p 

llR. 

s 
[) 

l2'f0 

ll 'fO 

/00 

/2.0 

l3 ]O 

1380 

(,bO 

100 

l'ioo 

1310 

1"2."0 

1370 

JZ'iO 

1250 

13'to 

1330 

1300 

1310 

13'10 

~40 

1350 

1310 

H 

H 
y 

s 
H 

H 

v 

s 

H 

H 

H 

li 

1-1 

H 

y 

H 

H 

t> 

() 

A 

t> 
\) 

D 

D,f\ 

f\ 

II 

t> 

l> 

{) 

[> 

() 

D 

D 

D 

l> 

D 

A 

t> 

[> 

oslz.1/8s 

os/z 1 Jss 
o'-11.1 ho 
:J'i/11 /so 
o•dz.J)i5 

o 2 J II /S2 

oy /11 /so 

o'-1/12../so 

oS/o'i /~2. 

os~•/fs 

o?ho/15 

o<ih.J/as 

05h.'l/i5 

o'lh..J)35 

oY/z.J /Js 
o'1/HJ8S 

o<~h .. :~/85 

05/z.'I/IS 

oJiv'f/82. 

ofho/sz.. 

otlo'i/8z.. 

os/z.LJ/Zs 

18<..0 

l'llO 

1'1'-lo 

I'H'3 

I'H.1 

IK'lS 

1'107 

1'100 

1~.12. 

35 

15 Lj 

22 

22 

IJO 

50 

IOO 

31Y 

ISO 

'\2. 

J'1 

3K 

}10 

100 

10 

2o 

20 

'~ 

2.0 

40 

5(, 

18 

3(, 

b 

g 

z.s.o.SM 

n..oo R 

':;>0,00 K 

11.50 ,., 

30. J<f , 

107.01 f-1 

z.o.oo ~ 

52.25,.., 

lo.35 n 

21.00 K 

.So.oo R 

'-iL 23.53 11 

3.0 

5.0 uJeJ14qtC -l-or I • ... ,.,J'I 

so feet= <>f JrD~vt/ G.qHJ 

(
1 

qd•114H(. Mt 10 r~ol'}t 

/'\ 

0.2..5 c., 11•1\t.~ C..t.!•"J fto"" o -'fo ft(r 

"2..,5' _so,.,.n,~ f,.....yJ J~'1 '" J~) ....,Lo~lu-

C 
1 

,.,._,.,p_. Jt 1 t<>,.,Ht....,#-1 '" .J~7 o,A-4.tJ.tr 

( 

P'-<•'\P) J'f OU: ... JJOil4/}-, 

5.0 (. 

(, l.o 

10 3o.oo R "2..i3 

~ 'IS.OO ~ 

i( 

(. 

c, fllo.""'f'J J,'y 01\(.( whell IOJQ~t"'J ao.•J··· 
c 



Site 
runbcr 

23 

2Lj 

25 

2.{, 

"17 

Z.'i 

l'J 

· 3o 

31 

32. 

33 

3'-l 

JS 

ll. 

?.7 

38' 

3'1 

LIO 

'II 

44 

'B 

'f'i 

'iS 

4{, 

'i7 

Yf 

'i'f 

50 

Sl 

52 

53 

s~ 

ss 
5(. 

57 

51 

Latitude - longitude 

3'l Y'U2.-0ll'05033 

3~ '1'1B -oeoso3'1 

3'1 'iY3'1-0g050S'I, 

3, Y'/3'1 '080 S I 02. 

3'1 Y'l '13- o&o42 n 

3'l 4'1 '13- oJO ?I 05 

3 'I 'i Lj Lj \:> • 080 ~ I I 3 

3'1 '1'i 50-080'> 111 

3't 'iLl~- o8o 'I'\ J'l 

l<t 'i't S'- o80 SIZO 

?>'l 'l'fS't· 08051 IS 

3't L/~S'I-•o20~1 IS 

39 'i'i S<f- o80~J IS 

3't YSoJ-010383<.. 

3't 'iS o'f- o8o 'io2.o 

3<t 'i5oLJ- ofo 'i31~ 

39 LJ~O'i·OfOLf't41 

3"1 'i505-0&05'J 1.3 

n 'iSO:I-070>114. 

.3, 'iSO'i- oioYS 1(,. 

3'l Ll5 12.- OioY51~ 

!.'t 'is 11· olo '"l1'i'f 

3., 4S"lS-o.soc;J'IO 

3'1 '1'i>'I-Oi051JS 

3'1 LIS Y1·ol.J'S l'lLj 

!>'I YSSZ.-o~Olll'l 

3, 'iS'>l.-oS051 '11 

3'f LfSSs-o!o~'l52. 

39 '155&-otouso 

"j~ '45 S8-0Z0,51Y'l 

3'1 "f(.00-080'1~'11 

Site 
type 

Table A-1--Records of wells and springs (continued) 

Topo- Ceo­
Elevation graphic logic 
(feet) setting \Alit 

(Jgo 

~40 

~-~0 

'"~~ 
1"?.1!0 

I,Slj 

t.So 

t,so 

1300 

&so 

(,13 

G.b~ 

~14 

)'fOO 

1350 

IZ'JO 

''-10 

it 'to 

1.70 

12..30 

I) 10 

1350 

{,Jo 

!.10 

vSo 

JYt.o 

l.lo 

730 

"50 
(,(.() 

liO 

I.. SO 

]ZO 

\330 

v 

v 
v 

v 
.s 
v 

v 

v 

li 

v 
v 

v 

v 

s 
H 

H 

I+ 

v 

v 
s 
H 

1-1 

v 

v 

s 
v 

v 
v 

v 

v 

s 
v 

v 

J> If\ 

A 

A 

A 

D 

A 

A 

A 

f) 

A 

A 

A 

A 

D 

D 

D 

D 
,..... 

A 

D 

D 

() 

A 

fr 

A 

D 

M 

D 

M 

A 

f'1 

A 
I> 

Date of 
visit 

0'1/11../SO 

o'l/o"'/so 

O'f/rz./so 
05/Jo/~o 

o'l/l.shs 

D'llo<thz. 

o'lhJ /•a. 

ot,/n Js:z. 

O'i/23/&5 

1'l'l3 

03/o5/5'# 

o3 los Is"' 

o3/oS/s~ 

05/z.'1/85 

o5/z.ot/1s 

o'i/z.s/¥5 

o~fz.J/65 

o'i/,~ /so 

011/o/:.o 

oslu/3s 

o5/z.z./Js 

o'#/o/is 

o'lln/&~z.. 

. O'l/p./50 

o'l/13/so 

o7ho/ts 

O'I/13/So 

oa/o'i /32. 

DK/zi./62.. 

o~ /n/'12 

o'i/t.l.//5 

O'fh!./'iO 

o4u/¥s 

O'#/o'f/So 

O'//z.t./15 

oYlz.3/t5 

Year 
drilled 

,q5() 

1'1'12.. 

!Hio 

1~17 

l't1o 

1'117 

l'l'il 

1'111 

l'!f'f 

l'i77 

Well 
depth 
(feet) 

12.0 

!'5 

8o 

81 

40 

15 

35 

)Ol!' 

'H 

4'"1 

l'i'-1 

9[, 

15 

go 

Ko 

I oo 

Casing Well Water 
length diBilletec level 
(feet) (inches) (feet) 

Yield 
(gallons 

per minute). Remarks 

33 

2.0 

103 

2.0 

~I. 

loo 

Z.l 

30 

2.0 

3 33,00 R. 

3(. ,I,,{,S M 

pu ... peJ C..ol)t•nowsJ'7 ql: Jo..., 1'111T:e 

2.0 ~'i.oo 11 C.. SO T
1 

L D 

10 0.33 c., l..l~l.(r hvd _;~-r-~ lo"" '" IQt<. s .... ",..tr 

20 53.oo R. I So 1, C 

g "il..So R. 'iOO T, C. 

2.0 SJ.oo M 7DO 

l'f.13 1'1 

10,ooo 

JO /,5.1"1 1'1 lSO 

17. /,1.oo R 250 

17.. J,z,oo R 2So 

:LO,Oo ( 

2.1.00 ~ 

3'-.30 1'1 

41,"{'1 ,., 

fJ. lJ,OO R. 

'i3.00 ~ 

g 5'3,00 R. 

k' 13.00 R. 

1.. 

L.f, 7Z.oo R 

1{. 11.2.0 M 

i' 

ll. 11.1" M 

7J.S5 ,..., 

T 

'Jcl,.""- :.~p}) for 3 l''oeJ/( 

c. 

ClJc~w<ll:.C ~<At>.,Jl f.r I ~ .... ,Jy 

~1rrr Jt,J/<J t-o 18 -krr 4,.J .....en-r dty 

c. 

qJeg~,~ar~: .Sulf'I'J fr,y 3 .;Q,..., J1" 

c 
)owUl:' 10 fnT: of 'Ultn) pttforet:rd 

.:.J~if""'"te. .Su(ll) fo .. Z. J..owU'S a,.J S LQ,..f=) 

(4Je~U((TC SIA('t'/'1 /.t l. .J .. ,..., J1f!,l 

M 1 T 

C...
1 

;oes J•) 1•1 )Q~ ~ ..... .,,..t'r--~u·l}' t<>J/ 



"""-~ 
N 

Site 
IUilber 

S"f 

~0 

C. I 

lo 

ll 

72 

7.3 

l'i 

75 

71. 

17 

n 
7"1 

ro 

17 

~K 

8~ 

"Jo ,, 

Latitude - longitude 

31 ~f. II- 0<30 '155"2 

3 9 'H.I7- 020 'lil2S 

3 'I '1HO·o30~I33 

3 '1 Ljlr20·08llSI3~ 

'3 'f ill.'Z.)-OBO'l'>Y&" 

3q 'HH-o8o'IS"S"f 

J9 "'t.n-o8oll4"i 1 

3'1 "ii.}3·Dio333'J 

3'1 '11. '3"7· 0 !0 '13 I 'I 

3'PII."~~ oJo 4351 

3't'l(,'f)-o80}1'i7 

3., %'16· oio 'i~o'2. 

~'1 'i7oo-0805oJ<J 

'3'tY1ol- Od'o3')1'1 

''l'f1o8-og0'11.SJ 

3'i'f10'1·040'10I~ 

3'J&.f) JO·OifOLjf. 17 

19 'illlo-o3o4C.17 

J'llf12'i-080I.jd''l5 

'3'1 '172.$-o&O'iC.,'t 

J'i '11'2.7- OBD 'I'Pf7 

3'1'f12'1-o8o46'1'1 

.31'1H"l-08o'i'BO 

3~41J7-0IO'i7oO 

3 'I '1138- Oi'o 'iloo 

J 'i'l7 31-oiO'ISO.Z 

3'1 '1l"l8-0.f0'1~30 

3"1 'iiJ'i-D.!IO'iK'Ji' 

3'1 "il 'iO-o.fu~l'/8 

3'l '1141- 020'11S"' 

3'l'll ~ I-Of048'11 

39 'll'n-030'11s2 

3941'4'-· oto'liloS 

3'Pil'H· o&J 'i toG, 

39~1 '11-ofo'tSJC.. 

3'1Y1~S-OfO'I30'l 

Site 
type 

OR. 

5 

[) 

5 

s 
s 
f) 

D~ 

D 

DR 

OR 

PR 

D 

D~ 

H. 

I> 

D 

Table A-1--Records of wells and srcings (continued) 

Topo- Ceo­
Elevation graphic logic 
(feet) setting unit 

lloo 

1310 

100 

1350 

II !PO 

1330 

ll.IO 

IZ.JO 

1150 

11(0 

C,'lo 

}'Z.40 

Ho 

1210 

12.10 

)210 

12 IO 

1210 

1210 

710 

1210 

710 

7'W 

/330 

1.70 

7'10 

\1 

v 
It 

s 
H 

~ 

v 

H 

H 

s 
11 

.s 
5 

.s 
v 

5 

v 

s 

s 

H 

H 

H 

v 

v 

D 

~ 

M 

,., 
I> 

t> 

D 

D , 
b,l'l 

D 

I> 

I> 

I> 

D 

t> 

D 

D 

f) 

I> 

A 

I> 

M 

() 

~ 

D 

D 

I> 

b 

b 
[) 

M 

D 

Date of 
visit 

osh.-z/~ 

O'I/ZI/f> 

o'1/11N1.. 

o"'IJ~ /5o 

os/z.z.Jas 

osh.z/a5 
o-dJo/i5 

os/u/3z 
o'i/z.'l/15 

of}o'llaz. 

07/Jo/3s 

oliJ o/44 

o'l liz/so 
os/nks 
05/J,Iis 

oS/l.3/8S 

OS/11,/85 

os/,t,/gs 

osh.r/8S 

o'lh5/15 

o'iiJl/so 

osh.tjas 

o"'h~/so 

0'1/JS/(S 

o'1/l~/fS 

oslz.J/ts 

oS/z.•/85 

oc;/z I/8S 

~lz.J/15 

o5/n./~ 

{;F;,/-z.Jh5 

o5/nlls 

os/n/35 

0'>~'1/IS 

o~/ulss 

o~h'l/8~ 

Year 
drilled 

l'li'O 

I'!S2. 

IUo 

l,(,'j 

1no 

l'W' 

JK.SO 

l'f20 

1915 

18SO 

\Jell 
depth 
(feet) 

1o1 

125 

Vo 

ll.S 

35 

/I 

2t 
'10 

JZ..2.. 

to 

125 

llS" 

II 

22 

SJ 

Casing Well Water 
length diameter level 
(feet) (inches) (feet) 

2.0 

'2..1 

,, 

2.3 

~0 

20 

7 3o,oo 11. 

>o.oo R 

s 33.30 R.. 

{, 

3{, 23.00 ,.., 

10 2.38'-1.0 t'1 

lY.OO 11 

J$,5o 1"\ 

35.00 11.. 

S.'/'f M 

IS.oo II. 

3 

¥ ss.oo ~ 

7Z. 

IO 

8 

IO 

E 

12 

7.'15 " 

'i,"'S M 

lo5.oo M 

Yield 
(gallons 

per llinute) . 

~.00 

Z..oo 

0.2.5 

J.so 

z.oo 

o.oo 

o.oo 

o.oo 

0.12. 

10.00 

.5.oo 

0.'-10 

Remarks 

c. 

L-yJt,Je" .;t,.tJf•J• JQJ pr~se.rrr 

c 
ot•J•"a IJ.., JrdltJ t"o rs lttr 

J 1sc.J.orJe vahc.\ StC4JOIIQ II)' 

llO tlow StnCc. ~/13 

no +lov ,,,,e o(/&.J 

c., .... 
:J~U Jr'Y II\ J l.lm"tl' 

M 

M 

c. 

c. 

c. 



Site 
nunber 

IOO 

lor 

ro:. 

105 

)01 

)10 

Ill 

112 

113 

115 

Ill. 

117 

rzo 

121 

/2.3 

1~'1 

125 

12.{., 

121 

122 

11..'1 

Latitude - l..ongi tude 

3'1'11'17-o!!D'If(Z-8 

3'lo;l'f8~ o30'i'52C. 

39 'fl'lf- 010 41 oz 

3'1 •q S2- o 80'iS25 

3'1475'1-0&o•nr't 

3'l!i1SC. • OiO'i/.53 

39 'IKou- o80'I133 

l'l '/& o 3- oc!O 3 1 'II 

J'j'l~lt- OJ04'j0) 

)'j 48Z.0-02.0Y73'i 

3 9 '1!l'2.- cto 4<~ os 

~, '!8Z-+-OYo '10 11! 

1'1 '/BZ.'i- o.Jo 'i ~ oc, 

!'l '1K.5.o-Oc!o'in.) 

3'1 'li3o-ogo 'il.'-1 1 

~'\'i!(31-0!'0 '11.'10 

J'l 't f 32-0¥0'iU'I 

39403·080~f31 

3"1'1~33· O~O'IKOq 

3q '1SJ'l-~8o ~oS'i 

3i'lf35-0~0405'1 

3'f 'if31-0JO'i'-ll'i 

v~ LJH'l-o~o3'i'lf 

39 LJ8'i0-030'1'fo(. 

3q l/145-0kO'i'i 10 

39l(N'I:5-o3o 4K31 

39'13'1f·v%?.'i 11 

3':P.jtS I· o8o3o; r'l 

Fi 'lf51·0~D4J5o 

;."l/BS4-080'i130 

3'f'I&SS-oJD4731 

"':.943>'f-o603S)O 

19 o;qo3-0&03'1'13 

~'1'1,0~-ofOYlq 

39 'i'l o'j- 01o4 iS'"i 

~<j '-1'1 13-0&03?2"). 

Site 
type 

Table A-1--Records of wells and springs (continued) 

Topo- Ceo­
Elevation graphic logic 
(feet) setting unit 

1110 

710 

11'10 

]20 

llOO 

ll-10 

1230 

1'1Jo 

7UJ 

1010 

&,So 

1350 

1370 

C,lo 

(.lO 

11f2.0 

1~'10 

"'0 
1330 

1330 

1~50 

l'iOO 

1110 

1350 

l.-30 

13W 

1335" 

&5o 

100 

lOO 

1320 

l3SO 

t.lo 

u,so 

l'iiO 

s 
v 

s 

1-1 

5 

5 

» 
y 

..s 

v 

v 

v 
y 

1-1 

5 

s 
» 
H 

H 

5 

.s 
1-1 

v 

.s 
s 
v 

v 

" 
1-1 

v 

v 

s 

D 

1'\ 

D 

D 

() 

ll 

t> 
() 

I> 

A 

{) 

l) 

I> 

M 

f) 

D 

0 

D 

D 

I> 

A 

D 

t> 

A 

M 

M 

D 

() 

A 

D 

Date of 
visit 

o>/z '/Js 
OLI)zs/15 

O¥h.sl35 

04/ZJ)i) 

0'1/ZS/lS 

o<~hshs 

o'ihs/ss 

ot../oJ/35 

01/zo/so 

o8/o' IJ:. 

o'i/zo/~o 

os/~·1/?s 

o~/rr/u 

Olf/z'l/15 

O'i/z'I/&S 

'J'i)z.'l/85 

O'lkll/85 
08/10/!/Z. 

o5/z.z./3s 

o~/z..slis 

O'fhs/u 

O'l/t'l/f5 

07/l:J/iS 

O'l/zsJas 

~h'iliS 

0'1/zo/t;o 

o&/or;/.1) 

ot./os /r.5 
o'l/w)<:-o 

o'-1/zt./85 

o!f/z.t.,/ss 

o2!n/sz 

o'liz.5/Js 
O'i/zo/so 

osf,zl&z. 

OS/2.3/Js 

Year 
drilled 

l'IS'j 

I "'SO 

1'1)0 

1919 

1'17o 

1'11'3 

1918" 

l'lljo 

1'17o 

l'l'f"J 

Well 
depth 
(feet) 

'lt 

55 

ns 

IOO 

go 

'!O 

liPS 

12-S 

II!; 

12D 

2'1 

IZ.J 

75 

100 

~0 

130 

lo2. 

¥5 

Cuing Well Water 
length diameter level 
(feet) (inches) (feet) 

2..0 

3S 

I& 

2.0 

~0 

zo 

IO 

J(, 

' 3(, B.~o 1'1 

{, t.1.1.i M 

Yk" IP/.1(, M 

fs, 2.0.00 1'1 

[; 

I:Z. 

1"2.0 

10 

lot 

~ 

IO 

g 

lS.oo R 

"2.0.00 R. 

'!K.oo 11 

SO.oo R 

l.i/.40 M 

12.3J M 

L/S.oo f.{ 

G.l..oo R. 

Yield 
(gallons 

per adnute) 

c..oo 
O.IP'I 

IS.oo 

2.So 

o.or 

3,(,'J 

l.bO 

2.'-j.OO ~ IS o 

'" iJ '1S'.oo R ~.lo 

Remarks 

11 

c..,M 

(. 

Iron ",J MO.~<:.n<J• ~'"'nS f~ese,,T 

c. 
( 

J..'IJ~oJJ<rl .s~o~JfrJc jC.J ptdt••r 

c. 

forw.erJ'! s.."fPir~J "t"ow., of Cotp~r.,q 

c 

(. 

C..J rloln' ~NOruxJ C•J '") 1~-ll.S frvr 



Site 
llllllber 

130 

131 

132.. 

13:. 

13(, 

137 

13;;( 

13'i 

1'10 

'141 

l'i2 

I'H 

1'15 

I'll. 

l't7 

15n 

151 

IS"-

ISJ 

ISS 

Is c. 

IS! 

1~9 

11.0 

11.,1 

1~2. 

ll-3 

I(..~ 

Latitude - Longitude 

)'fll'i/5- O~O'i.i'Sf 

-~~'iql&· 080'iBoo 

3"1 '-lilY- o2o '1loz. 

31 4918-o~o 'ilOZ 

?.'I 'i'i"l.Z- 030 'i I 13 

!.'1 'i,'H- oao 'lrf~S 

J14'B1- o8o 31 H 

~'1'19'11-08J4157 

3'1 '1,'1.3·0803'14~ 

~'l 'J'I'j'j- OISO 31S2. 

3'14'PJ~-o8ol'iS2. 

3'14'l'i'f· OI03"1St. 

3<t lf"'llS-~o'i:Z.I/ 

314'flj3-o7o~'131 

31 'i'lso-o.llo4107 

31 Y'\S2.- oK03'1Jo 

31 '1'15(.-020'1'10.3 

3 ~ s-ooz- o& o 'i'll7 

~95"ooJ-o8o4J3'l 

39!;012- ol03C..oo 

:;1SOI3-ofo:too" 

J'l5ol.5·0I04'f08 

"3i5D"ll-DKO'i2.03 

)9503)~080%0(, 

3<t so 'I& -O-!o31 J I 

'3'151o'I-0RoJ~02 

~,SIOb-Of034'01 

3'JSIIO·OIOlf~IO 

3'1SIIS·OE'oJI.2(, 

3'1s 12'7- o8o't0s5 

; 'l > rn- oKo 'loJt., 

Site 
type 

s 

Table A-1--Records of wells and springs (continued) 

Topo- Ceo­
Elevation graphic logic 
(feet) aetting unit 

1170 

~so 

/2..3o 

1'230 

13'10 

f..)o 

II 5o 

1330 

lo'IO 

1130 

1040 

lo'IO 

1300 

1350 

loiO 

IZ 'jO 

13/o 

'-'7o 

&'10 

7'10 

IZ2.o 

135 0 

1080 

1110 

1)'10 

1370 

170 

1'110 

1270 

1270 

y 

'1/ 

H 

H 

H 

v 

v 
s 
v 

v 

v 

H 

H 

v 

v 

v 

H 

v 

1-1 

H 

v 

v 

v 

H 

H 

s 

v 
s 

H 

H 

v 

It 

H 

11 

A 

A 

D 

D 

D 

M 

D 

{) 

D 

I> 

D 

D 

D 

D 

A 

[> 

M 

A 

0 

D 

D 

D 

A 

() 

D 

I> 

D 

I) 

D 
() 

b 

() 

D 

D 

D 

D 

Date of 
visit 

o'i/zo/so 

oiJho/<;o 

oc;/zs/8s 
O"l/z.s/JS 
o3j,o/az. 

:J'1kolso 

ol./io/81. 

o'l/zc;/Js 

01/11,/'j-z. 

ot./us/ss 
0 1/jt,}'il.. 

or/11,/'lz 

o'llzslas 

07ho/Zc; 

o'l/zs/so 

o1ho/r.s 

o'1/ulso 

ol/?.t /Bz. 

::y;/z'i/Js 

os/n/as 

os/2~/as 

c:F.,f-z.'l/8> 

o'llzr.,)so 

05/z.:J/85 

o5h.3/ls 

~/lo/JZ. 

o'1/zshs 
ot,/os/as 

ovloslss 

os/l.-,185 

os/2.3/~s 

os/z3/1s 
os/nhs 

o5h.'l/i5 

oc;lz.'t/35 

Year 
drilled 

1'151 

16'50 

1'11'1 

IWJ 

I 'I'lL 

1'172. 

l'i'il 

19i3 

rrH 

1'117 

1%5 

I!So 

1'171 

1971 

1'100 

1'115 

'"80 
1'119 

Well 
depth 
(feet) 

IO 

30 

10 

31 

lOS" 

150 

42. 

z.oo 

I 'tO 

II 

ll5 

100 

12.5 

113 

n 

]O 

/2.0 

113 

Ko 

50 

lS 
lv5 

/2o 

1'10 

I ID 

110 

155 

Casing Well Watc!r 
length diameter level 
(feet) (inches) (feet) 

21. 

II 

22. 

IS 

JOS 

19 

Z.l 

zo 

l<t 

2.0 

15 

lo 

Ji 

3& 

10 

10 

~ 

n.z.z. M 

11.00 R. 

,.,,07 "1 

'i3.oo R 

'i.IS 11 

'13.oo R 

'i},OO ( 

3.00 f! 

8' l,'/./8 ..., 

f.5 '11.'l5 "" 

i,o,oo R. 

8 

3(, 7.00 R. 

g s~.oo R 

IO 

g 

t:z. 

10 

ID 

11.oo R 

~1.00 R. 

1K.28 1'1 

r.r-o 1"1 

10.00 R 

31..~0 M 

Yield 
(gallons 

per arlnute) . 

7.00 

K.Oo 

2.00 

7.So 

'-.oo 

ll.oo 

Lf.oo 

Remarks 

c. 

c. 
C.1 gJ~ywQTC. f-ar 2 people 

(. 

( 

( 1 "dCJ141HC. for ?...f~p}c. 

M 

'-
1 
qJc.~uQ"tl' ~ov t. f«(k 

c 



Site 
I'IUIIber 

I C.~ 

1'-1. 

llc.7 

l(,lf 

I·~ 
no 
Ill 

115" 

nt. 

ll? 

118 

17'1 

\¥0 

li'l 

J6J 

~~~ 

IKS 

}8(, 

I 'i'7 

'" 
I!~ 

l'lo 

I'll 

I'U 

1'15 

191.. 

I'H 

I 'I! 

Latitude - Longitude 

3151Z7-0S043YS 

3'15132-u~u.,nr 

~'IS137- 080~"13K 

:.!9 51 31- 0~0 4'12.'1 

3,51'3'"1- Oi0'1Y32. 

3<\SI "11- 0~0?.11S 

"?>'lSI 'l"l.- OiOYS 12. 

3'1C:.IYY,olo~(,Oc; 

~'lc;, Y"'· oeo'it.05 

39SJS&-oeCI42.o(. 

3'1S157- OiO'!J'ii 

3'1$151- O~O'H YJ 

39~Zol- Oi>a'll50 

39S"202.- ~0 4) 13 

3~no'i- olo42.03 

!.'i 52.o(,- oio 38o3 

31lSL01, oSO'jil.'2. 

~H2.o.1- o8oo..n o) 

!'l S2ol- o.!'o 'i 2.01 

3'1S1.2.1.-0S03'1Y, 

~952 '2.l.-oio,2.J3 

3'1 )2."1."- oiO'iUI. 

31"1 52.1.1- ·a8o'1o2.2$ 

3'15Z"l.Cf-080314J 

.;'l52.ll-o8ono(. 

395"2..'1)·o8o'll3'1 

J 'IS'2. 'H. -ofo4-z.41 

3'\SH:L-~0'1115 

3'152.S7,o6o'i0'13 

3'15300- oJoY OS 'I 

Site 
type 

Table A-1--Records of wells and springs (continued) 

Topo- Ceo­
Elevation graphic logic 
(feet) setting unit 

7'i0 

12.90 

13 'iO 

12'30 

l1'l0 

l27o 

12.'t0 

I"S 10 

ll"O 

11'10 

I?>OO 

122.0 

12.'l0 

12.30 

150 

131,0 

IJ(.o 

IZ&'O 

IUo 

IZ'iO 

12.'10 

1310 

I)JO 

12.'20 

1340 

1~1.5 

12.'JO 

I"' So 

1050 

1'2.10 

12.10 

7'lo 

Koo 

~oo 

v 
H 

H 

5 

H 

H 

H 

H 

H 

H 

.s 
s 

s 
..s 

s 
H 

» 
1-1 

H 

s 
s 

s 
5 

H 

> 
v 

H 

H 

v 
v 

v 

v 

D 

D 

D 

D 

() 

[> 

D 

D 

D 

0 

I) 

[) 

() 

l> 

f1 

D 

t> 

D 

() 

D 

() 

D 

I> 

D 

I> 

~ 

D 

D 

p 

p 

Date of 
visit 

o8/,o/n. 

0?./2.5/~S 

Q1/l o/~:2. 

0"1/l..S/35 

o'flzs)iS 

OS/1.1.1/15 

r>ihs/as 

D'i/Ls/Js 

o'i/lS/iS 

o'1/zs/i5 

o2/-zslss 
Cil.j"l.o:;lts 

ol/-z.s/a.s 

o1./zs/Js 

D5/4lb.S 

r:n/z.s/fS 

o2/zsl6s 

08J,ohz. 

ozJu/85 

o2./u./is 

ol/z.t,/45 

o"L/zs/as 

o2./z.,/IS 

oz./z.~/is 

ot./V'fh> 
o2/z.s/a> 
o1/zshs 

oz./zs/::.'!> 

ol./o'lhs 

ot./os/ys 

o2.}1.5/IS 

oz./zt./SS 

o2./z.t./as 

o1/zt.,/Y5 

02./z.l./35 

ozhr,/is 

Year 
drilled 

I9S7 

1950 

1~1.7 

1no 
li]o 

11So 

I'B7 

11 IS 

l'fl5 

l'fl5 

l<lt.5 

llfKo 

1"11.1 

l'l5t. 

1~5 

191.5 

I'IS'i 

1'11.0 

1"170 

1"177 

1%3 

I 'IS£. 

Well 
depth 
(feet) 

150 

110 

125 

"13 

75 

~2. 

liS 

105 

/JS 

IIO 

115 

3S 

31. 

100 

:zo 

41 

4S 

57 

Casing Well Water 
leJl8th diameter level 
(feet) (inches) (feet) 

'Z.O 

·~ 
10 

IO 

13.S 10.00 11 

Yield 
(gallons 

per adnute) 

'l2 3(,.00 M 

"2.0 

2.0 

~0 

zo 

2.0 

'Z.O 

15 

15 

K zo.8o M 

8" 

10 

)0 

Lj8' 

IO 

~S.oo R. 

13.oo 11 

;zy,ss M 

"l.7..,'f7 M 

J'i,IO M 

9.12. n 

~ 20,00 R. 

o.oo 

l.oo 

0.33 

0.;)" 

3.30 

0.83 

Remarks 

c. 

c, 1"'\ 

IHtJ fot JQ.Ity • dt} .SO"'f'tl"'t'J Ill S<~,.., .. ,, 

1.1:>e Z":>o.>o jPJ 111 ~1'.-"') -Jty :.vn•t~l•'ti 1o1 T~.•. 

J1'f fK(<-fT In lfrtllJ 

Jt) frej"'(.nt/1 

d ~ 'J trt~ WC•Il t/"/ 

1'1 

' 
/"1 

n 
.fJo...,f Q II ye ... Y 

c.
1 

c, J<fW«le. f-y 5 ~~le 

M 

+lows c.jJ 'j-t•r 

c, adt]~QH! tov 1.? r'orle. 

c llf-Jt$14~ "tL f<>!- 8 pe.-,le. 

c 

I fc .. ,....~- f"'"'Y Jt 7 d' !He ""~· .... u .. ~r 

qJ,Ju"t-< fo~ '1 P~rlt 

<>J "j "(Itt tor s pt:..c,; lc 



Site 
runber 

2.DI 

207 

~o8 

410 

211 

212. 

2.1'1 

1.15 

2.1~ 

~17 

Zl~ 

ll'l 

211 

U.J 

'2.2.( 

U4-A 

2.2..'1 

~lO 

2..31 

2.32. 

zn 

Latitude - longit\Xie 

J·J 5:; 00- Ot;O'IOSG, 

3'l •::, 3 00- (JJO '105~ 

3'lS3 05-0JO'l110 

3'IS~ oJ- oio'3J'l2... 

3'1<;"30~- O!O'il53 

3{jSJI2.-oJo~SIO 

3"15313- o2o 'i 1 o8 

39531c; -08041 I!; 

.:S'1531S- ofoljt 15 

5"!S!>z.1-0IO 'i I 30 

39 5H'I- 010'12.()3 

S'l'i~2 s- o80'Illt 

J~sns- olo'iTl.2. 

3q:>J3S- oao•n 'llo 

3<f533'-·o.Jolt13o 

!.,5!."?.1.-0NolJ/31 

'3'1?3"~(.,-()~0'1131 

3'1 53 37-08040 l<i 

Jq 5 :n "7 • 04'0 '-1 I I 9 

.j.,S~33-ogot.toJ2.. 

39 53"12 -o80'll o~ 

:0 9 C, 3 Lj (.- 080 Y D I 7 

1"1 <; ~ '1l.-o8oL.JO 1'1 

:?>,53 4.(- 080 4 103 

:.'lSJ.S5 -080~207 

3'1 5358-010if02.1J 

39SYoz..-080'10Z. 7 

3'tS"'OLj -o8o~~ 1(, 

!>'1 c; 'I 0 1.-0803$'14 

39 s Yo(,.-o~o'lo~<, 

"3"151ii1-08o32o7 

3~Pl1l-o60't535 

YB 'ill- o8o'i535 

3'} S'-/ 11- 030Yl3"J 

Site 
type 

Dl.:. 

\) 

s 
IH!. 

p 

r.:. 
DR 

DR 

s 
5 

s 
D 

DR 

5 

f>R. 

DR. 

Table A-1--Records of wells and springs (continued) 

Topo- Ceo­
Elevation graphic logic 
(feet) setting unit 

I2SO 

11'10 

127J 

tno. 

llh'O 

10o 

l.~o 

liO 

l)o 

~50 

1%0 

lito 

1200 

/110 

1>10 

1310 

n.w 
137o 

1330 

)300 

~l.jo 

l~t.o 

770 

~10 

v 
v 

v 

s 
v 
H 

s 

H 

H 

s 
v 

" 
J.t 

v 
v 

v 

v 
1/ 

H 

s 

v 

H 

H 

H 

v 
v 

v 

M 

A 

D 

M 

D 

D 

D 

() 

D 

f\ 

A 
[) 

M 

A 

A 

M 

M 

() 

D 

t> 

0 

[) 

D 

[> 

[) 

() 

D 

A 

b 

D 

D 

1'\ 

M 

A 

D 

Date of 
visit 

02/z.t;/35 

02/l&/S5 

os!Jo/so 
os/o2/ss 
o2/H/Js 

ogj,z./iz 

02/zR/as 

O:t./z3/15 
n.lz.I/IS 

07./7.7135 

02./1 r./35 

:>5 /11 /so 

nln/45 
os/,,/5o 

o€/H/fz 

OS /11 /r;o 

o9/ollss 

o9/o7/S3 

O"J./zt,/85 

ol./27135 

o2/z1 /~s 

ol.hl/85 

o~lz.7/IS 

o'2.)n/d5 

02../n/H 

oR/11 /jz... 

o'-lh'/hsb 

oz/n/¥5 

o8h31sz 

oa/11 /sz. 

oz./z.t.hs 

ot./ot./85 

os/n /so 
os>/ot,Jt, 1 

os )J~/so 

QS/o3/s5 

Year 
drilled 

l'f1<t 

1%~ 

l'h'l 

19~ 

l'lS5 

l'l5i 

1~41 

l1'i7 

IK5o 

/'173 

1928 

1'1lo 

/'lOS 

Well 
depth 
(feet) 

73 

K~ 

/5 

ll7 

37 

i'S 

7b 

IZ. 

lO 

Lll 

's 
17 

78 

90 

Ito 

70 

8{. 

17 

'iS 

80 

liS 

liS 

lY 

150 

too 

Casillg Well Water 
length dillllleter level 
(feet) (inches) (feet) 

&o 

10 

>O 

YO 

(, 

15 

92. 

52. 

13 

IJ. '-l 11 

'( 11.1/ 1'1 

'- "lo.oo R 

g 2.3,05' 11 

8' 

t.o.oo R 

IO 

12o z.zon 

2.'1 3'(,00 R. 

lo zo.oo ~ 

(!) 

lO 

•n.oo P.. 

JL n.oo R. 

~ nso R 

(., lPz.oo R 

K ~o.S2.. M 

Y.91 M 

I 10. 'i'i '1 

Yield 
(gallons 

per minute) . 

0.27 

o.oo 

Remarks 

h 1 Jto~e,, SL4/(,Jc J ... l tt'f(rl'C 

M, J11qJc~LJ4l( /-<Jr 5 '""tit 

c 
"Je; 1H4\~ f.or 3 peo(lt 

M 

0.00 Jtl Stn£e. l"dll.- aJtt'44tt foy l. pt.offe kt•tt 

oJtl1.4GIT~ +or 2 (*-Ople 

1.17 

ao.l ,., loJ~"tfy {.-.,., 'c.:a/ ft'o •• , 

c 

5.00 1-.-yJ~-:Jfll s. .. lf,J~ J'd fi<'HrJ'C" 

I"\ 

0. 00 OwnH HfO tT.l' J,.., s ,.,<~ oi/~lj 

"l. 33 M 

~.so 

'-I. so M 

~ '30.oo ~ zo,oo 

3? 

20 

zo 

20 

8 Sl.o? M 

1.31 

12. 

ss.oo R S.oo 

12. so.oo R. 

::;.oo 

1\Dt aJ•Jt~•U al: 5c) -lttr .so JrdJeJ ro 1!'1-kcr 

.Sc..J~y "T:Q,S"«.' 



Site 
runber 

l)(p 

z.:n 

l'il 

2'12 

24'i-A 

<.'IS 

Z'IL 

Llt7 

2~~ 

Z.'i9 

ZSI~ 

ZS/-6 

2.5'l. 

2.53 

2.SI.j 

1.55 

2.1.2. 

Latitude - Longitude 

3q 5 YIS-O~O'tl-4/. 

!.'IS'ii8-0.l>041'1(, 

1 <j S 'i I 8 -01' 0 Y 8 I 7 

3~ S'i 18- ofO'if IS 

1~ 5'1 1'1- Of0WJ45 

3 , 5 '1l..l - 08 0 3 S' 0 '1 

~'I S"fv-oeo:n ,._, 

l'I'>Y2"t-OVO'i31<! 

'3'1S'i2S-08o41>S'1 

.J'l S'1'l.~-oao ;.go~ 

39 SYl8- O!o '18 2.3 

39 ?'12.8-oJ'048 2.'1 

39 5'131- oJoHo'j 

3,S'il'l- o80l81S 

J~5't33- oJoJ8 11 

?.~S'i~s-o20'1012. 

Y'l5 Y 37- o3o'38'13 

::,, 5'-13&- .?803-!'il 

"?.1S'i S3 -oJ0'1l '11 

1~5'1"10- o.JO'i~2.1 

3, 5 '/ S'l- (.)80'1'142. 

'39 S'i s '\- o"o •n 'fl 
3'155 02.- oRoY'i 'll. 

'3'\55 OC.-o'?oY IO(., 

39S5'ZC.-OfO !>IS 3 

3'l5S37-oJ'O'iSIS 

3'15:> 38-o8o-~9S'} 

31 55 '10 -pSO"'S 17 

39 s s Lj (,- 0803:11'1 

?>9S5Yir08V'iS'2.0 

~"ss'"i1-oeo'il'lz. 

395> 58-080 333(.. 

3<fS~ oO- o80'13 IK 

395{.,DJ- o8o'i5 I") 

3'1St.. 01- o.3 D '152..3 

Site 
type 

D~ 

Table A-1--Records of wells and springs (continued) 

Topo- Ceo­
Elevation graphic logic 
(feet) setting unit 

130 

110 

l.'io 

un 
Tlo 

rao 

1170 

II 50 

1310 

~30 

{,jO 

131..0 

lli.O 

)310 

13So 

ll'ID 

I3'JO 

t..'iO 

~30 

l.8o 

(g JS 

~~0 

!Ho 

1310 

{,lj'2. 

1310 

b'i5 

/2.00 

l'l."JO 

)110 

1200 

12-'IO 

v 

v 

v 
y 

v 

v 

1-1 

.5 

~ 

H 

H 

H 

v 

v 

v 

v 

v 

H 

H 

v 
H 

v 
s 
v 
H 

5 

s 
v 

v 

A 

A 

A 

M 

(> 

t> 

t> 

f) 

t> 

A 

A 

D 

I> 

t) 

D 

b 

0 

A 

A 

A 

A 

A 

() 

f) 

A 

D 

A 

I> 

"' D 
D 

b 

A 

A 

D 

Date of 
visit 

os/13/so 

oc-./,6/;o 

0'1/rJ../SL­

oi/os/s'l 

osJ,a/so 
os)oz./85 

os/n/as 

o~lo'l /iS 
o7/3o/as 
o~/o'l/35 

o'l/z.dsz. 

:~J/os/s'l 

o~/o~jgs 

ot,/o'(/i.> 

ot.lo'l/iS 

o8hz./iz 
o5/o7../8S 

05/oz./85 

oa/r3/sz. 
o'J/u/53 

oJ.i/n/'12 

o3h1/S'I 

O'i /n/'lz. 

oslz'l/35 

o'5/nl8!i 

o'l/i3/otz. 
os/o3/as 

o'i/18/'lz. 

os/o2/z5 

0'-1/,d/U,'L 

ol./ot,/Js 

oi,g/os/JS 

oqh.s/'i2 

o5/n/so 

ot../zi.P/v'i 

Jt./os/s5 

Year 
drilled 

I'PiS 

1'140 

I'ISZ. 

l'l'i2. 

19ll. 

l<tl'i 

\~53 

I'WJ 

1'131 

1'1'31 

I 'IS& 

1'137 

191.0 

Well 
dt!pth 
(feet) 

¥2 

75 

"' )2.0 

1'2-S 

7o 

{,3 

"'K 
117 

(.&' 

S'l 

loo 

/,7 

roo 

103 

LIZ 

~8 

1'"13 

~8 

15 

10 

'"' 

'18 

75 
'10 

Casing Well Water 
length diameter level 
(feet) (inches) (feet) 

Yield 
(gallons 

per adnute) . 

loo 

18 

2.0 

2'5 

(, 

yg 
l.l,OO R, 

12. '1SO 

asc.. 'i'l.oo ~ 3soo 

~ z.o4 

g 

r 
IO 

.f<.. 

J;a,oo 

0,12.. 

)00 

ISC. Ltt..oo R >soo 
/, 

~ 33.oo R 

IO 4lo3 M 

10 59. S) 11 

/2. 530 

12. 'Sl.O 

8' G.o.oo A :Zoo 

1~0 2ooo 

10 

15 

IO · 

15 

% 

IY 

12.. 

/0 

30 

J 

"0. 0..? R. ,300 

Ksso , l.'tz. 

1.'2.,'2.} , 

2~,00 R ISO 

z3,'3" M 

.3c:>.OO (. 1SO 

:;o.oo R 

30.0o ~ 7SO 

3.50 

I. 2.0 

r,o, oo R. 2....so 

3/.0o R.. yso 

Rm~arks 

(. 

QJei~o~qu fvr s f""flt. 

c. 
c 
(. 

LI)J T 

C. 1 qJt.i"'""t~ /.oy 1.. pe.o,de 

flows 4 II yfa r-

f/owl al/ ycc.t 

c., o.Jtr.tQl:i -h... f.o,, .... ,; 

MjLC.,L.& 

(. 

' 
T 

LD 

T 

M
1 

t.c, Lcr 

(. 1 1'1 1 AJC)'I•TC .f.ot "4 f~flc 

c) T) """"f'Ollrt S<~ .. vlt wl''tk s,-t'fS 2.S'fl~l./ 

M
1

lC.
1

LII
1 

Lf'
1 

T
1 

ltla.l~J~o~"tt .f.o~ .Jo,..rsr•<. II.IC 

C.~ 7
1 

<..o...,pos,-ce. ~c...y)f ''·"d, J1't(S zn,l.t.l 

c. 
c., <.OI'\(Ollt'C. sc. ...... ,J~ WI'C'~ ~rt:(S t.Sl, 2~"1 

(.1 c.d'J"~'e< fot 'i p"'orl~ 

c, .. J,j .. "'-Lf' fvt s ,~;/t 

hfOt'teJ tHVl;' Jt, ltl. 75 "1fH.$ 

c 
<.as'") Jr<~·,c~t'Y ~'f rf'lc.J.,t-J ·h.,., o-:n ftcr 

I'"~J4711A<ttC .fur do•>,t'J't:•C I.ASC 



Site 
rumer 

2.70 

2.11 

ll3 

l15 

2."77 

,,'1 

2..8/ 

Z'J7 

Z.'fi 

299 

)00 

Latitude - Longitude 

3 '15(,03-0~0!.J:n 

395~0(.,-0$04C.IS 

'?. 'i; '- 0 b- o80'iSZO 

~~S (, o8- O~OIIS2.3 

3., S4oq- 080"'S30 

~"\S r.o'f- o8oy~}O 

3'1 Slo 10-~o~S" 13 

39<;.(, IO-o!lo4szc; 

3'15" t. n- o8o 4532. 

3"1 Sl. IS- OfO '153'2.. 

39 s 1. it. -oeo 32.53 

3 'l c; C. ll-o8 o 'i5 3.3 

1'1?(, 1'1- 0'?0!"73<} 

'3'fSC.z.o-o8oJ/'IJ 

3'1 SbZI- O~OY$34 

~9 51. 2.~- ~203532.. 

3'}SC.32.- oJo~533 

3<jSC,'ib·<laO'I511 

3q5b'ib- oro1.1s12. 

JCfS&'il- 080Y509 

3'\SC. 1.1'1- o?o45z.9 

"3'J '51.. ~o-ofo '"l5>Z 

395(,.S 1- 080'152.."1 

)'151. 55-o80'1'>31 

Y,S{, 58- ofO'l'i48 

J'J51 ll-~0~31 

3'1STL2·0~04~SL. 

~., sn.)- ofo•i3S3 

3'1S"D/·0~03fZC. 

39 S "7JI-oi'o3,o~ 

3'157ll-0803337 

3'fS"13Y-Ofu~I'YI 

3'1573'-i-O.!O'iUO 

3'15 7 JS -ol;o -,g 'll" 

Site 
type 

5 

Table A-1--Records of wells and springs (continued) 

Topo- Ceo­
Elevation graphic logic 
(feet) setting unit 

l3z.O 

IJIS"O 

!.10 

/,So 

1300 

ll.O 

720 

1210 

n.yo 

1318 

1330 

l:z..5o 

1300 

)300 

1-1 

v 

v 
v 

v 

v 

v 

v 
v 

11 

v 
s 
s 
v 

> 
H 

v 

v 
v 

v 

v 

v 

v 

H 

v 

v 

H 

v 

D 

A 

A 

A 

A 

A 
A 

II 

A 

A 

I) 

A 

[) 

D 

A 

() 

D 

A 

A 

A 

A 

11 

A 

A 

N 

t> 

M 

M 

b 

D 

I) 

D 

D 

{) 

D 

Date of 
visit 

oc./os/is 

DS/n/so 
osln/so 
os/31/so 
on13/1z 

o~/21.)4'1 

0'1(11/<iz. 

o? In /ro 

ot./2f.14'i 

o'~t,/3'1 

c?/11/iZ. 

01.h1./J'i 

oli/l.l/iS 

u'1h3/i5 

o~/z~//l.j 

os/o3/8S 

osloJ)SS 

of.h.B/3'1 

oc./zala'f 

ot./22/8'1 

o8/11/n .. 

ot,/2.1/1'1 

ot./z.1/¥'1 

!lft9/'# 3 

ol./ot./85 

riJ/rz../12 
~h5/i5 

o'-llz..slls 

1".:;(,/oi.I.Js 

o'l/ta/ss 

ot, lzilas 

o] /oJ/iS 

o'//,slss 

ol/o?./Js 

o3h2./32. 

o'i)lllls 

Year 
drilled 

I'll. I 

l%0 

1'11.3 

1'173 

I'H>S 

}'t"SS 

J%5 

Well 
depth 
(feet) 

<II 

loY 

IOO 

Joo 

/75 

~7 

135 

70 

'}u 

to 

Joo 

I oo 

37 

% 

32 

35 

ISO 

115 

I So 

Casing Well Water 
length dillllleter level 
(feet) (inches) (feet) 

Yield 
(gallons 

per minute) . 

II 

S'/ 

IO'f 

52. 

S5 

l.O 

I o ~o.oo R 13o 

f (,O,oo,:;: 130 

/0 (,'i.'-11 M 

~0 3J,Oo I?_ 3S1. 

j-.5 t,o.oo R 2.oo 

)0 

2.'i 

12. 

l.o.oo R 150 

3l.oO R 1Jo 

"51.00 ~ 250 

1( 13.00 

l'l 37,00 ~ li"l./ 

2.~ 37,00 R. 

K SD.oo R 

(, 

[{ 

1.5. oo 

"1't.oo 

JOo 

100 

-z.so 

Remarks 

ltt<~.S..jLIQ« fot d!jl'-.e.ru(. u~e, +llltJ 1.mJ, 'c "'h,.. 

c. 

c. 
1"'\ 

c. 
C'lliiiJ J1~•••lltr I' l-b 11\L~(~ t~o,., ;)-'fl ~~~'r 

(.QS'"J pt,f<)ruHJ .fra,., lui- lo'i (fe-c-

C 

c. 

c 

~ 100 c, c.ompo.Sitc sa.(\,pJe ...,,.tJ, S1-rc 2.1'1 

-:n .. 

30 

10 

(.. IO,'IS M C. 1 M1 )wJr<yen .su}(,Je. J'-J i'TO'•l;-

8 lo.oo I! g .oo 

g 

v 

(, J2./,SO M 

y 

L 1'1'-1.17 1'1 

(, ,.oo ~ 

¥ 23.3~ M 

l.oo 

I. 5o 

2. 12. 

,.... I Tl L b I L (, 

q.Jey '"" t~ f.v r 5 tuf 1.: 

C.JM 

M 1 T, ll>
1 

LG 

h-,j~~tl S"~lf1,k Jq!; p;tJltTrJ o.ltJ14"U .fot I f."',/~ 

<-,,.,I I 



Site 
runber 

"30'1 

]05 

?,0{., 

307 

30'1 

310 

311 

318 

31~ 

32..0 

!.2.1 

321 

32.3 

3Z£. 

j3o 

:,33 

33'i 

335 

3)(. 

331 

337-A 

337-E 

Latitude - langitude 

3'15 7:J{,- 0/10 3"d0£. 

3'1 5131.- o80 38'1~ 

3'!57 31- o8o3B''i9 

3 '\ s..., Jr - o a o 3 t '1 <t 

3, 5731- o8o V'j oo 

3cj Sl)"1- OIO 38 'i3 

3<! n~'i- oao:s~LJ3 

3~ SlYS -o~o38 ~l 

'39SlY~ -o8o~na 

3"1Sl41-o8o"3117 

3~51Y 7- o.9o~ll7 

~~ 51'i4'- o1o3.2S3 

39 SlSl.- 08038'17 

3<J51!00- oao 350t 

~9saos-o~o3l.08 

39Sio7- oao-~!.O<.. 

3958o·l- o3o4JO"l 

3 9 S 8 I :5 - ~o:, ~ Is-

3'\582'1- ')ao->121 

3'1S3L8- o8oJt..5" 

39 sa)o -o~o3'151 
3"tS23J-03cJJ92'1 

~'I 58 32.-0/0 i930 

~9 s~:n -o80392G. 

3'1533(,- o3oJ<l35 

~'i<;8JI-9S03'H'l 

39Si37 -0.!03925 

~"15840 -o-1'oY"21-:2. 

J'ISS"'b- ojo3J'S¥ 

jq S8 l-J7- 08o ~G'S2 

3'JSJ'LJl- o803lS9 

3qS8Y'i- o8o.Jl5d 

"3'1Sii''5:~.-o804~59 

39 SiS'}- ()d'O'-l'iOO 

Site 
type 

[)~ 

D 

£>R 

DR 

0 

5 

DR. 

D 
bi( 

Of{ 

5 

s 
DR. 

l>R 

$ 

s 

DR 

Table A-1--Records of wells and springs (continued) 

Topo- Ceo­
Elevation graphic logic 
(feet) setting unit 

g-Lio 

1310 

1310 

1310 

Ina 

lifO 

IIC.o 

1300 

1300 

r~o 

g"'O 

1100 

12.00 

600 

1'10 

7E'O 

1300 

1220 

/170 

8(.0 

1300 

1240 

1280 

1300 

1)00 

1310 

IJJO 

13'-0 

12.)0 

12.30 

IUO 

11/..0 

1150 

s 
H 

H 

H 

H 

s 

H 

~ 

v 
v 
.s 
s 
v 

v 

5 

H 

1-1 

It 

s 

v 
v 

M 

D 

D 

b 

D 

I> 

() 

D 

I> 

M 
..., 

D 

D 

M 

"" 

t> 

I> 

I) 

M 

[> 

() 

() 

D 

_I> 

D 
() 

() 

D 

I) 

0 

() 

b 

Date of 
visit 

o~IJo/85 

o>lo1/ss 

oJ/oJ/8> 

o~/11/as 

o3/oJ/J5 

o:,Jol/35 

03/01/SS 

03/oi/Jr; 

o3/oi/'Js 

os/oJ/1.5 

os/~1/Js 

oJ/v•/ss 

OJ/olh<J 

o~/,o/45 

o'llnhs 
~/u/85 

~/ot,/es 

Jt,/oi./Jt; 

o~/z8/¥5 

o5/<>1)i5 

o2./z.·-J/3s 

o2./z.8/S5 

o2.h.··dss 

Ol./z.J/45 

o7.-/z8/35 

Olh!/YS 

o"L/2.?/JS 

o2.h:JIJs 

or..lo'1/6's 

oL/n/ss 

ol/z7/J5 

oz../nhs 

o2./n/J5 

o2/n/ss 

Year 
drilled 

I'UI 

I 'fBI 

IH3 

1'11?5 

l'flf 

1'11''1 

l'lb2 

1'11.11 

I'ISJ 

1'155 

Well 
depth 
(feet) 

20 

1."1 

2.0 

ISO 

3S 

Juo 

.55 

ss 
'13 

'10 

157 

130 

IOO 

1.30 

Z2. 

130 

12.2 

IZ.O 

ll.O 

12.0 

Casing Well Water 
length diameter level 
(feet) (inches) (feet) 

40 

17 

32,0'# 1"\ 

13,8) "' 

"·'~s n 
8 21.'t?. M 

3G:. 15.oS t-t 

3(, zz.oo R 

! 19.30 ,.., 

f' 

11.81 1'\ 

Yield 
(gallons 

per minute) _ 

o.so 

0, 12. 

Remarks 

c 

LC 1 L~ 1 L<T 1 "1 1 T 

M 

0"'1\i'i t~t><IJrl Jty H1U Sl.!Mihtt' ,S't 

c., l() 

0.01 M 

o.oo 

c 
Yo 
3~ 

10 ~ Ill. 7"Z- M 10.00 C> MJ' Jt\c..k pt;f~tfAttJ c..•s"~ fro.., 1?-157 k~r 

/lluc/il'jw,.'t.C loy Jo,'\~J'tl<. uSe 

30 

2.0 

2.0 

I"' 
2..() 

20 

o.oo 

o.oo 

IO 83.42. M 

to loo,l/s M z.oo 

12. 

JO qJ,So M 

? 

" 
3{p l'l.'IS M 

8 

J' 

::>:....nfT tefot"C( J f'/ .S111Ct! }0/IJ 

, 
<-,LC.Jt\4 

ow•Ht Ht'i>trJ Jty SMCC l:z./J>o 

ownO· t~oH.:, J17 PlQ;( ohtn 0.~1' Jit(. LV\Jtt"'inct; 

L C. I L& I 1-1 

1rv.dtl1A'-lt.' .for Jv,..tnl(. "s.= ~for11 ~.n: u<~JCI "'"lf'cl 

c.cJrJ~o"u: ;w.ul.., lor (, ,~,,.1~ 

M
1

T 

>iti'J 35'i a•,J .3.:!5 UJ<:J "tc.JHJ..tt ToT S"'"IJ Jo.OJ. 

Arut J•-.t:t u....Jttm•l'll"J, 'fotiJ 1114Je¥"'QU fur 1.1lt 

0.12.. 1'\ 

IO 

g 3oo 



00 
0 

.Site 
nunber 

3SO 

3Sl 

3S2 

>53 

::.ss 

357 

%0 

'(#I 

31.S 

)70 

~II 

Latitlde - l.Dngitlde 

3<f5 6 5J-080'iYOLf 

)q585S-0804'iOO 

~~ '> g 57- o ao.., 'J o o 

3 9 ~:,.g s 1 - 0 i 0 '1 'i 0 0 

.,9 s ~ s 1- o8 o 'i 4 o o 

3"1sq 1 1- oio·4 3o3 

11 S't 1'1 - o2Jo.3KS'/ 

31 S'\ 1'4 - o80~'IS ~ 

'3'\S'\ 18- oiO'jOOI.. 

1'! S'f'2.1- ofo 3'lo'l 

3'1 s·n 1 - oJ'o 'l'!09 

3'l5'12.1- o3o3'H'1 

3 'IS'''H.I- o8 o yoo" 

3'1 S'J z•-1 -oso J'l 'i7 

39 S'12LJ -OiO 400G. 

'>'f S'12S-og0 32. I K 

~<j S~1..i-Oi'03S 13 

3Cf59'Z1- o803'f53 

3"1"i't'l8- o301Z.O] 

'!>'l S"f I{O -O~O::J.S01 

3'l s, 110 -o8o390"' 

'39 t;"143 -0803'!01 

~"' c;; 'f 4~- o3o>'l3Y. 

3q S"f 44- 0803'0Cf 

3'1 sq '-J£,- oR03"Jiz. 

~ '! ~ 9 4 (, - 04 0 ! 'll 2. 

3'fS'1Lf9-oi0$9"l.l 

Yo oo o /, -O.!OJ!U 

Yoo o 2 1- o2onos 

40oo L.-4-o&o13o' 

'-;OoOZ1-0~03-!'37 

'iooO-z.l- o803l38 

ljoo o 10- oli'o5314 

'iO 00 lO- c8o3t I~ 

Site 
type 

DR 

DR 

Table A-1--Records of wells and springs (continued) 

Topo- Ceo­
Elevation graphic logic 
(feet) setting unit 

12.30 

12bO 

12.bo 

1010 

12.'20 

112..() 

p.oo 

nz.o 

II 2.0 

12.30 

1230 

fZ.'i5 

P-30 

1'2."15 

121./5 

f'Z'IO 

12.10 

7'10 

7'10 

7'/0 

72.0 

7l.O 

7W 

72.0 

v 
v 
v 
v 

v 

v 

H 

H 

.s 

H 

H 

H 

s 
5 

s 
H 

f.{ 

.s 

H 

ij 

H 

v 

v 

v 

v 

v 

v 

A 

A 

A 

l't 

A 

A 

0 

I> 

b 

D 

D 

() 

[) 

t> 

[) 

() 

J) 

tJ 
I) 

D 

D 

D 

I) 

[) 

,., 
M 

M 

M 

M 

Date of 
visit 

oJh.t../iz 

ot./28/:Jo; 

o~ /z81JL! 

I 1/o<t/•19 

11/0'I 1'19 

II/ o91'1'i 

oHhz.Jn. 
oJ/rz. lf2 

oz/2J/J5 
o1h~lis 

oz./~8/.is 

ozh.a/s:. 

o-z../z.t/as 

oz/23/as 
'J2./z.V5'S 

oz.ha/~5 

o~ho/85 

o2/z.1/ts 

'l2/z~/J5 

o&/n/sz 
05/ot/&s 

o-z./ulss 

o'1/n/-ss 
o'l/n/Bs 

·:>'"//n/9s 

o'i/n/Js 

O'i In lis 

o'f/n iss 
oiP/ol/;s 

os/o3h5 

osiJ,Jsr; 

OS IJt. fys 

o:;/o2/fs 

os/ol./35 

oLfholss 

O'f ho /:is 

Year 
drilled 

19SI. 

I "'SS 

lcH,5 

I 'I YO 

~~~0 

11'10 

l'l~7 

I'U3 

l'lSI 

/"!54 

1'182. 

J'IIP5 

1'!~2 

1"11.5 

191.5 

l'lK2 

Well 
depth 
(feet) 

70 

12.0 

t.s 

75 

75 

75 

1.33 

153 

}DO 

lO 

1St 

too 

102. 

117 

33 

11"1 

IOI 

/57 

l'iY 

/00 

0(, 

1'-/0 

50 

2¥ 

'"o 
50 

Casing Well Water 
len&th di.ometer level 
(feet) (inchea) (feet) 

Yield 
(gallons 

per minute). Rcmarka 

15 

.zo 

2.0 

z.o 
li' 

IS 

2.1 

Yo 

20 

40 

ft.. 

lO 

1{, 2<i.00 ll 

i' '1'3.00 II.. 300 

I 0 'U.oo t;: "JOO 

I 0 113.0 u ll :JoO 

IO n.oo n 

c. 

( 1 T1 C.o...Y.,S•~ S(.{nyle \.oiHL ~~~~ 3'101 l'll 

'-, T, C..o"'PCU•tt: sq,...,Je &.oe~l. J1~l 33'j, J'll 

C. 1 T
1 

C..O"'f'oJ,.te 1anvJ~ w•~l. sect'• JJ'!,31./0 

C., 4JI!j"'<4tf! S""ft'/'1 fvt I fu ... ,l1 

n, qJ'J"~tc ~v.pp/'1 ~t I,JQt~"'d z Jott-. <.oK 
o.oo ~~o.~Mt tcj•tr:s J r1 S•ll<.e 1~"1'1 

o.oo 

o.oo 

ow"t'~ ltpotn ( ,.,..,.s o 1/ 'teat 

Owfl~r t<f<HU wd/ ~.oo~nr Jry 111 l'l7S" 

01-11\fr fttJ~rT.j Jt)' SII'ICC J"f7'1 

C. 1 own(' y H.potts -/lowS c. I/ 'I~"' 

ownfr rtfOI"Cl Jt'f fl,te I'J'7'j 

C I tMIJC~IAC!'U tot Jo.....erut CoASt In Jt'1 wt'Cit.kt 

8 7'l.8o M C.
1 

qJ'f""t.C! S14pp}'l fv .. I lc.,...,J., 

8 c. J t~ "Q'tL '"l'f)'l for Jo,...,~J't•'- "f< 

0. 00 Owl'lt'r tt.f)OI'tS dt'f Sl•lC.~ 1q11 

f. oJ~1"otc fot 1 fu....,,J., 1 f 'c.ffi..,J 

lo c 
Lf! 2).1."1 1'1 

0 72.(.0 H I "-00 

10 35.3'1 M 

I o lo'2.."3 l'l 

{, Sl..53 ,., 

g 50.31. M 

8 lo. 35 f1 

Jo "'.'tO 

i, zo.o3 M 

I 0 'H.t.S I") !.SO 

K 

'1 1 ,_J-j~a'ti -I.H 2 Pf•fk 

oJe01AQtt .f<»y 'i p€4,/e. 

"'I ,_c.., L c;.. 

"'"d''i"'a'tt f-ol' JoM~J"tl<. o.c se 

J,s.c.I..Jt)l- f)<>Jnr: c.J..<4•1flJ ftu, 1 N "'•")' '" 1'11'1 

<- 1 Q.lelww~e foY '3 fflorle 

/"1
1 
't•~IJ vq}..,t: was ~~~~'" Jt, llcJ-P> .. d. Ita n.>u 

tfCGv(IS r~ STOlle Ill 'f koutj o.frtr f"'~>,J<J Jt'J 

L&
1 

6 '"'~ ~tktauJ <-•..f••') Ito .. , o -1'1" .ffcr· 

tllod. f.t Jo~. "~~ s•oa os/rz- QJ•i· fot 't ff•rlc ~.1,,, 

in..J . .;:.,,Jo..,, "'~ r, • .ct osllz.-f)•f"'Ut..,J l.tl.ttt 



Site 
rurlbec 

3/'i 

375 

377 

3!1 

3l5 

3ZX 

3i5 

'loo 

'101 

'iol 

4o3 

40'f 

Latitude - Longitude 

LJ o o 0 ..3 I - 08 o 3 8 IS 

Ljo o" 31- 080~817 

'1 D o o 31- o.! o 38 II 

10oo 3'2..- oJJo3~ 13 

'I o o o 3'2. - Oll o 3 J 13 

~ 0 t) 0 3 ~- 020 3 t y 7 

'1ooo ·..15- oeo~812. 

'-!oou Js- o~o3li'.Sk' 

YooD'il-o8o3~'-ll 

'iouv on- oioH.S7 

I.JDO') '1J-oBO'li2.Z. 

'i o oo 'If- D80Y2:SI.. 

iOoo Y~- O~O'i"Z..3'i 

'iooo5o-ol!o'i'i13 

Yo co 5Y- OI0?./'10 

yo oo ss- o!oj?o2 

i:J oo S7- 080311"1 

40 0 I 00-0-503/12. 

·io Ol o3-o803£>S'/ 

40 Ol O"J-OfOjl.'l? 

lfo o 1 o ~ -ofo.Jt.ss 

Yo o I o ~- O&O!lo(, 

YOOiu'i-04'0110~ 

'10 o I OS -080?.1.52 

'\0 U I I(., -06'0ljO'/l. 

'-i 0 0 I I b- Oi~~037 

'iO OI"Z.O -o80%o7 

'iOOi<..O-ofoJC.'/5 

, 0 0 J L-4- 08031,'/'i 

l.iOol"l..S-080]1.1.{(, 

LjOOI ~i-ci{03b3(. 

'iOuJ30-08o2C.lo 

l.jo 0 I !3- 0803L3S 

Yvoi43-0.fo.11.43 

Site 
type 

D~ 

[) 

.s 

bl? 

s 

Table A-1--Records of wells and springs (continued) 

Topo- Ceo­
Elevation graphic logic 
(feet) setting unit 

/2.0 

72.0 

72.0 

ho 

720 

780 

715 

7'10 

l'i.z..o 

Jl.ljo 

13'1 0 

12-'iO 

12.'10 

bSo 

1310 

rno 

1325 

1280 

14'10 

IHO 

12 so 

1310 

1300 

1210 

12.30 

12'10 

13ScJ 

13'10 

ll.:z.o 

1>1/0 

1,'10 

IHD 

1210 

v 

v 

v 

v 

v 

v 

v 

v 

1-1 

s 
H 

s. 

H 

H 

f..+ 

1-1 

s 
s 
s 
5 

..> 

5 

H 

M 

n 

1"1 

[) 

ll 

D 

f) 

0 

A 

D 

I) 

D 

D 

D 

D 

D 

D 

() 

D 

I> 

D 

() 

I) 

l) 

[) 

D 

I) 

D 

D 

D 

Date of 
visit 

o'i llo/ls 

o<iho/Js 

oY ho/as. 

o'i/3o/as 

o'f/3o/ss 

.'JS/o"L/fS 

os/o2 hs 
oS/ol/35 

O'f /J0/&5 
o3/ot./as 

O'l/3o/c, 

os!z,)as 

05/2.1/15 

o~h1/iz.. 
03119)85 

o3 hs/J5 
oJhs lt.s 
DJIIs/-;s 

::>3/ot./35 

03/ot,/:is 

r>]/vi./8!j 
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Figure B-1.--Location of figures B-2 to B-7. 

Note: Base map from the West Virginia Geological and Economic Survey. 
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Note: Base map from the West Virginia Geological and Economic Survey. 
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Note: Appendix C consists of hydrographs of spring discharges and water 
levels in wells. The first seven pages are spring hydrographs 
and the remainder are hydro graphs of water levels in wells. 
The hydrographs are arranged in the order of increasing site 
rnnnber. Dashed lines and symbols denote instantaneous water level 
measurements. Solid lines denote daily noon measurements made 
using a digital recorder. The vertical and horizontal scales 
of each hydro graph are the same, unless otherwise noted, so 
that the hydrographs can be easily compared. Precipitation 
data was compiled by the National Weather Service observer at 
Motmdsville, WV. The graph of precipitation represents daily 
values. The monthly precipitation is the sum of the daily values. 
The mean precipitation for the period 1965-86 was calculated from 
the monthly values for the period. 
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EXPLANATION 

---500--- Line of equal elevation 
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I -

of top of Pittsburgh coal 
seam. Contour interval ia 
20 feet. Datum is National 
Geodetic Vertical Datwa of 
1929 • 

Town 
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Figure D-1. -configuration of the top of the Pittsburgh coal seam. 
(Modified from maps of the West Virginia Geological and 
Economic Survey) • 
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Figure D-2.--Incation ~~d type of mining . Underground mining as of January 1 , 1984 
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Figure D-2. --Location and type of mining (Continued). 
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