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

For the convenience of readers who may want to use International System of Units (SI), 
the data may be converted by using the following factors:

Multiply inch-pound units

inches (in)

inches per hour (in/h)

feet (ft)

feet per mile (ft/mi)

miles (mi)

square miles (mi2 )

gallons per minute (gal/min)

million gallons per day (Mgal/d)

cubic feet per second (ft3 /s)

cubic feet per second per 
square mile [(ft3 /s)/mi2 ]

tons per square mile per 
year [(tons/mi2 )/yr]

By

25.4

25.4
2.54

0.3048

0.1894

1.609

2.590

0.06309

0.04381
3,785

0.02832

0.01093

0.3503

To obtain SI units

millimeters (mm)

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

meters (m)

meters per kilometer (m/km)

kilometers (km)

square kilometers (km2 )

liters per second (L/s)

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

cubic meters per second (m3 /s)

cubic meters per second per 
square kilometer [(m3 /s)/km2 ]

metric tons per square kilometer 
per year [(t/km2 )/a]

'F = 1.8 x °C + 32
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ABSTRACT

Area 12 is located in the Guyandotte River and 
Twelvepole Creek basins and covers an area of 2,121 
square miles in southwestern West Virginia. This 
report is intended to convey general hydrologic infor 
mation on this area to consulting engineers, mine 
operators, and regulatory personnel. The report 
format consists of brief texts and supporting illustra 
tions and tables on a series of hydrologic topics 
which together describe the hydrology of the area.

Area 12 is drained by the Guyandotte River and 
Twelvepole Creek. The U.S. Geological Survey oper 
ates a network of 12 continuous-record gaging sta 
tions and 45 miscellaneous-measurement sites to 
monitor streamflow quantity and quality in the area.

Land use and land cover are strongly influenced 
by the mountainous topography which dominates the 
area. Nearly 90 percent of the land cover is forest, 
largely because of the rugged terrain. Agriculture 
and urban land use comprise 4.5 and 3.7 percent, 
respectively, of the total land use and are confined 
mostly to land along the northwestern and southeast 
ern boundaries of the area.

Precipitation in the area averages about 42 inches 
annually and is greatest in the mountainous portion.

Soils are generally shallow and poorly drained 
because of the presence of sedimentary rock forma 
tions close to the surface. Sedimentary rocks underly 
ing the area are divided into seven units composed of 
alternating beds of sandstone, shale, mudstone, and 
coal with minor amounts of limestone. The most 
important coal seams occur in the Pottsville Group. 
Most of the coal in the area is produced from 
underground mines. In 1980, 36 surface and 363 
underground coal mines operated in the area.

Wells are the primary source of domestic water 
in the rural areas. The yields of wells in the valleys 
are three times greater than those of wells on hillsides 
or hilltops.

The quality of surface water is generally good 
but is affected by mining in many areas of the upper 
Guyandotte River basin. Underground mining con 
tributes to increases in specific conductance, alkalini 
ty, and concentrations of sulfate and dissolved man 
ganese in surface water throughout the upper Guyan 
dotte River basin. Increased pH was found in coal 
mining areas due in part to the use of powdered 
limestone in the mines which caused alkaline dis 
charge. Specific conductance for all sites in the area 
ranged from 40 to 1,500 /^mhos/cm (micromhos per 
centimeter) and had a mean value of 254 /^mhos/cm. 
The highest specific conductance in surface water 
was observed in the upper Guyandotte River basin, 
where most mining occurs. The pH of surface water 
ranged from 5.7 to 8.9 and had a median value of 
7.2. Surface water in the upper Guyandotte River 
basin was generally alkaline. Alkalinity of surface 
water throughout Area 12 ranged from 4 to 246 
mg/L (milligrams per liter) and had a mean value of 
43 mg/L. Streams in the upper Guyandotte River 
basin contained the highest mean alkalinity values; 
Twelvepole Creek basin contained the lowest.

The concentration of sulfate in surface water 
ranged from 6.6 to 400 mg/L and had a mean value 
of 79 mg/L. Streams in the upper Guyandotte River 
basin contained the greatest sulfate concentrations, 
largely because of the effects of mining. The concen 
tration of total iron in surface water ranged from 90 
to 27,000 /ig/L (micrograms per liter) and had a 
mean value of 1,300 ^tg/L. Dissolved manganese 
concentrations in surface water ranged from 10 to 
2,100 /*g/L and had a mean value of 166 /zg/L. Most 
of the iron was transported in the suspended phase 
and most of the manganese was transported in the 
dissolved phase during the prevailing streamflow 
conditions (low to moderate flow) at the time of 
sampling in 1979 and 1980. Suspended sediment 
yields in the area are relatively low, ranging from 
about 23 to 452 tons per square mile per year.



1.0 OBJECTIVES

Area 12 Report to Aid Permitting

Hydrologic conditions and identification of sources 
ofhydrologic information are described.

A need for hydrologic information and analysis 
on a scale never before required nationally was 
initiated when the "Surface Mining Control and 
Reclamation Act of 1977" was signed into law as 
Public Law 95-87, August 3, 1977. This need is 
partially met by this report which broadly character 
izes the hydrology of Area 12, a part of the south 
western coal area of West Virginia (fig. 1.1-1). This 
report is one of a series that covers the coal provinces 
nationwide. The report contains a brief text with an 
accompanying map, chart, graph, or other illustra 
tion for each of a number of water-resources related 
topics. The summation of the topical discussions 
provides a description of the hydrology of the area.

The hydrologic information presented or availa

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

The information contained herein should be 
useful to surface-mine owners, operators, and con 
sulting engineers in the preparation of permits and to 
regulatory authorities in appraising the adequacy of 
permit applications.
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2.0 GENERAL FEATURES
2.1 Project Area

Land Surface in Area 12 is Characterized by Deeply-Eroded 
Hills and Valleys with Extensive Relief

Area 12 has varied topography, with rugged, deeply-eroded hills in
the headwaters and relatively flat floodplains with low hills near

basin outlets. Natural resources of the area include second-growth
timber, coal, natural gas, and petroleum. Coal mining is largely
confined to the headwaters of the Guyandotte River, particularly

Logan and Wyoming Counties. The area, which covers 2,121 square
miles, includes all or part of 11 counties.

Area 12 covers 2,121 mi2 (square miles) of some 
of the most rugged terrain in southwestern West 
Virginia. It has deeply-eroded, steep hills in the 
headwaters of the Guyandotte River and is character 
ized by a series of ridgetops dissected by a network of 
deeply-incised valleys, that tilt gradually towards the 
northwest (fig. 2.1-1). The altitude ranges from 515 
feet (National Geodetic Vertical Datum of 1929) at 
the Guyandotte River basin outlet near Huntington 
to over 3,600 feet at Ivy Knob, on the Guyandotte- 
Coal River basin boundary. Local relief ranges from 
1,000 to 1,500 feet near the basin outlet. Slope of the 
Guyandotte River channel above the town of Logan 
averages 11 ft/mi (feet per mile), whereas in the 71 
miles from Logan to Barboursville the slope averages 
1.8 ft/mi.

and includes all of Wyoming County and parts of 
Cabell, Mason, Putnam, Kanawha, Lincoln, Boone, 
Logan, Mingo, Raleigh, and Wayne Counties. The 
larger population centers include the towns of Mul- 
lens, Logan, Hamlin, Wayne, and Huntington. The 
area lies wholly within the Appalachian Plateaus 
physiographic province.

The major natural resources of the area include 
second-growth timber, natural gas, petroleum, and 
coal. Coal seams occur under about 85 percent of 
Area 12 (fig. 2.1-2). Most coal mining and natural 
gas production is confined to the headwaters of the 
Guyandotte River basin, chiefly in Logan and 
Wyoming Counties. The extent of commercial 
agriculture is small because of steep terrain.

Area 12 lies within the Eastern Coal Province
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2.0 GENERAL FEATURES-Continued
2.2 Surface Drainage

Two Major Rivers Drain Area

The Guyandotte River drains 1,679 square miles (79 percent) of the 
area. The other major stream, Twelvepole Creek, drains 442 square miles.

The Guyandotte River and Twelvepole Creek 
form the major surface-drainage network in Area 12. 
The Guyandotte River is 167 miles long, and drains 
1,679 mi2 (square miles), 79 percent of the area. The 
Mud River is the largest tributary of the Guyandotte 
River. It drains 359 mi2 of rugged, mostly forested 
land in Cabell and Lincoln Counties. Clear Fork, 
Island Creek, and Trace Fork are smaller tributaries 
with drainage areas of 129, 105, and 80 mi2 , respec 
tively. Drainage areas for many of the other larger 
tributaries of the Guyandotte River are described in 
greater detail by Mathes (1977). The Guyandotte 
River flows northwesterly, joining the Ohio River 
near Huntington, West Virginia. The Mud River 
joins the Guyandotte River 7.1 miles upstream from 
where the Guyandotte enters the Ohio River (fig. 
2.2-1).

Twelvepole Creek drains a mountainous area of 
442 mi2 in Wayne, Lincoln, and Mingo Counties near

the Ohio River. It flows northwesterly, entering the 
Ohio River downstream from Huntington near 
Kenova. Drainage areas for streams in Twelvepole 
Creek basin are given in Wilson (1979).

The area has no natural lakes other than ponds 
of less than 10 acres. However, there are flood 
protection reservoirs constructed by the U.S. Army 
Corps of Engineers on the Guyandotte River, East 
Fork Twelvepole Creek, and Beech Fork. R. D. 
Bailey Reservoir, located on the Guyandotte River 
near Justice, is a multipurpose reservoir with a max 
imum storage capacity of 204,000 acre-feet. East 
Lynn Lake on East Fork Twelvepole Creek and 
Beech Fork Lake on Beech Fork, having storage 
capacities of 82,500 and 37,500 acre-feet, respective 
ly, provide flood protection for areas drained by 
Twelvepole Creek downstream from Lavalette.
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2.0 GENERAL FEATURES-Continued
2.3 Slope

Area is Characterized by Deeply-Eroded Hills with 
Steep Land Slopes

Area 12 is mountainous, with deeply-eroded hillsides and steep- 
sloped valleys. Land slopes are greatest in the central part 

of the area and gentler near the southeastern and northwestern 
boundaries. The ridges separating major subbasins generally

trend northwesterly.

Topography is characterized by mountainous 
terrain that trends northeasterly through most of the 
area. Several regional uplifts and differential erosion 
of the rock strata gave rise to the relief in the area. 
Hilly to rolling uplands, high rounded to flat-topped 
ridges, undulating ridgelines, steep valley slopes, and 
narrow valley floors are found throughout the area. 
Average land slopes in 83 percent of the area, 1,760 
mi2 (square miles), exceed 30 percent.

Land slopes are greatest in the central part of 
Area 12 (fig. 2.3-1). Average land slopes in Mingo, 
Logan, and Boone Counties are the steepest in the 
State, exceeding 40 percent (West Virginia Com 
munity Development Division, 1979). Relatively lev 
el land is limited to the narrow floodplains along 
streams. Relief (altitude differences from valley 
floors to surrounding ridgetops) ranges from 500 to 
1,200 feet in Mingo, Logan, and Boone Counties. 
The principal ridges separating major subbasins gen 
erally trend northwesterly.

The gentlest land slopes generally occur near the 
southeastern and northwestern boundaries of the 
area. Average land slopes in Raleigh, Cabell, Ma 
son, and Putnam Counties range from 20 to 30 
percent. Agriculture in Area 12 is largely confined to 
these regions.

Stream channel slopes are generally greatest in 
the areas of greatest relief. The Guyandotte River 
from Mullens to Logan has an average channel slope 
of 11 ft/mi (feet per mile), while from Logan to 
Barboursville the average channel slope is 1.8 ft/mi. 
Buffalo Creek, scene of a disasterous flood in 1972 
(Runner, 1974), has an average channel slope of over 
75 ft/mi. Stream channel slopes, generally less than 
10 ft/mi, are gentlest in Twelvepole Creek basin and 
in streams tributary to the Mud River. Average 
channel slopes for selected streams are shown in 
figure 2.3-2.
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2.0 GENERAL FEATURES-Continued
2.4 Soils

Soils in Area are Generally Shallow and Poorly Drained

Soils in Area 12 are generally shallow and poorly drained. Soils are
grouped in two Land Resource Areas on the basis of soil patterns,

slope, erosion characteristics, climate, vegetation, water
resources, and land use.

Soils in the area have been grouped into associa 
tions termed Land Resource Areas (LRA) by the 
U.S. Soil Conservation Service (U.S. Soil Conserva 
tion Service, 1979). A Land Resource Area is a 
geographic area characterized by a unique combina 
tion of soils, slope, erosion characteristics, climate, 
vegetation, water resources, and land use.

Soils in Area 12 are grouped into two Land 
Resource Areas: Cumberland Plateau and Moun 
tains Association (LRA 125), and Central Allegheny 
Plateau Association (LRA 126). The soil series 
found within each Land Resource Area are shown in 
figure 2.4-1. A general summary of soil characteris 
tics is also given.

Soils of the Cumberland Plateau and Mountains 
Land Resource Area (LRA 125) cover most of Area 
12. These soils are found from the southeast bound 
ary of the area to the southern boundaries of Wayne 
and Lincoln Counties. The upland soils are shallow 
to moderately deep, and have developed on weath 
ered sandstone, siltstone, shale and coal of Pennsyl 
vania age. Drainage is generally poor because of

the thin soil horizon. The major soils are those of the 
Clymer, Dekalb, Jefferson, and Gilpin series. Al 
luvial soils occur on flood plains and valley floors. 
The soils are generally acidic and of low fertility. 
Because of the rugged topography and poor drain 
age, less than 2 percent of the land in Wyoming 
County is used for agriculture. About 90 percent of 
LRA 125 is forested.

Soils of the Central Allegheny Plateau Land 
Resource Area (LRA 126) cover most of the Twel- 
vepole Creek and lower Guyandotte River basins. 
The major soils are of the Gilpin and Clymer soil 
series. The bottomland or gently-sloped areas are 
normally dominated by Chavies and Pope soil series. 
Soils on steep slopes have a high erosion potential, 
and are subject to earthslides after heavy rains or 
when plant cover has been removed by construction, 
mining, silviculture, or agricultural operations. The 
soils having a high erosion potential include the 
Upshur and Vandalia series (Lessing and others, 
1976).

10
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LAND
RESOURCE

AREA
SOIL SERIES*

BI Clymer (35) - Dekalb (25) - Jefferson (20) Association

B2 Clymer (30) - Gilpln (25) Association

A5 Gilpin (40) - Upshur (35) - Vandalia (10) Association

Allegheny (30) - Monongahela (25) - Vincent (10) Association

AI5 Clymer (35) - Gilpin (30) - Upshur (10) Association

A20 Chavies (25) - Pope (25) - Allegheny (20) Association

*Numbers in parentheses refer to the percent of soil series in the association. 
Tbtals are less than 100 percent because of the exclusion of soil series 
occuring in minor proportions.

SLOPE RANGE 
(PERCENT)

3-15

15-25
25 +

3-15

15-25
25+

3-15

15-25
25 +

3-8
8-15

15-25

3-15
15-25

25+

0-3
3-8

8-15

15-25

DRAINAC

Fair
Poor
Poor

Fair
Poor
Poor

Poor
Poor
Poor

Good
Fair
Poor

Fair
Poor
Poor

Fair
Fair
Fair
Poor

Figure 2.4-1 Classification of soils.
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2.0 GENERAL FEATURES-Continued
2.5 Climate

Area 12 has a Humid Continental Climate

Area 12 has a continental climate with marked temperature differences
between winter and summer. Precipitation averages about 42 inches

annually. Rainfall is greatest in mountainous areas and least near
the Ohio River and the southeastern boundary. Prevailing wind
direction and topography are important factors affecting the

distribution of precipitation.

Area 12 has a humid continental climate with 
abundant rainfall. The area is approximately 300 
miles from the ocean, thus is beyond the immediate 
climatic effect of the Atlantic Ocean. Precipitation is 
greatest in mountainous areas and least along the 
Ohio River and near the southeastern boundary of 
Area 12 (fig. 2.5-1).

The precipitation distribution is influenced main 
ly by the prevailing westerly wind and by topogra 
phy. Area 12 lies in the path of storms that move in a 
general west to east direction across the United 
States. During the spring and summer, the area is 
also affected by storms that occur with wind currents 
moving northeastward from the Gulf of Mexico. 
Wind currents approaching the mountains are sub 
ject to orographic lifting which initiates or intensifies 
precipitation. Average annual precipitation increases 
from the Ohio River eastward to the Appalachian 
Mountains and decreases on the lee side near the 
southeastern boundary of the area. Annual precipi 
tation at Huntington averages 39 inches in compari 
son to 44 inches at Logan (National Oceanic and 
Atmospheric Administration, 1977). Rainfall during 
1979 and 1980 was somewhat greater than the long- 
term average (42 inches) for Area 12 (fig. 2.5-2). 
Annual precipitation ranged from about 45 inches

near the northeastern boundary to about 60 inches 
near Kopperston (National Oceanic and Atmospheric 
Administration, 1979, 1980).

Precipitation is generally greatest during the 
spring and summer and least during the fall and 
winter. October usually is the driest month of the 
year. Annual precipitation distribution for selected 
cities is shown in figure 2.5-3. Thunderstorms occur 
on the average of 40 to 50 days a year and are more 
frequent during June and July. These storms some 
times produce intense local rainfall and cause flood 
ing in the narrow valley bottoms. Intense storms 
rarely cover the entire area, but they are frequent 
over small drainage areas. The 10-year, 24-hour 
rainfall for most of the area is about four inches.

The average annual temperature for Area 12 is 
approximately 52°F. The highest temperatures occur 
near the Ohio River and lowest in mountainous 
regions. Average January temperature ranges from 
about 32°F at Hamlin to 34°F at Logan (fig. 2.5-3). 
In the summer, maximum temperatures average over 
85°F at Hamlin and Logan, and 5° to 10°F cooler in 
the mountains.

12
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2.0 GENERAL FEATURES-Continued
2.6 Land Use

Land Use in Area is Largely Forest

About 98 percent of the land in Area 12 is classified in forest,
agriculture, or urban use categories. The remaining land is

classified as water, wetland, or barren land.

Land use is strongly influenced by the mountain 
ous topography and by the distribution of mineral 
resources. Much of Wayne, Lincoln, Boone, Mingo, 
Logan, and Wyoming Counties has average land 
slopes in excess of 30 percent, which are generally 
considered unsuited for urban development or for 
agricultural purposes (U.S. Environmental Protec 
tion Agency, 1980). This land is often forested, and 
is commonly used for outdoor recreation, wildlife 
management, watershed protection, and silviculture.

The majority of the land in Area 12, 1,900 mi2 
(square miles) or 90 percent, is classified as forest 
(fig. 2.6-1). Lincoln, Logan, Wayne, Wyoming, 
Boone, and Mingo Counties have a higher percentage 
of forest cover than Cabell, Putnam, and Raleigh 
Counties (table 2.6-1). Lincoln County has the high 
est percentage of forest cover (97.2 percent). Over 92 
percent of the trees in the, area are hardwoods. The 
dominant trees include sugar maple, yellow buckeye, 
birch, tuliptree, white oak, northern red oak, and 
basswood (West Virginia Department of Natural 
Resources, Division of Reclamation, 1980).

About 95 mi2 or 4.5 percent of the land in Area 
12 is classified as agricultural. Most of the agricul 
tural land is near the Ohio River in Putnam, Cabell, 
and Wayne Counties. Raleigh County, in the head 
waters of the Guyandotte River basin, also has some 
agricultural land. The more mountainous counties, 
such as Logan, Boone, Mingo, and Wyoming, have 
very little agriculture.

About 79 mi2 or 3.7 percent of the land in Area 
12.is classified as urban. Much of the urban land is in 
and around the City of Huntington in northern 
Cabell County. Other urban areas are found along

major highways and at highway intersections where 
small communities often develop. Aside from Hunt 
ington, many urban areas are on narrow valley floors 
which flood periodically.

About 47 mi2 or 2.2 percent of the area is 
classified as water, wetland, and barren land. Of this 
area, about 35 mi2 or 1.7 percent is classified as 
barren land, and this largely represents abandoned 
surface mined areas. About 12.4 mi2 are currently 
being surface mined, mainly in Logan, Mingo, and 
Wyoming Counties. No surface mining in Area 12 
presently occurs in Lincoln, Cabell, Putnam, Wayne, 
Boone, Mason, or Kanawha Counties.

Land use in Area 12 has been mapped by the 
U.S. Geological Survey at a scale of 1:250,000 from 
color infrared aerial photography taken in 1973 (U.S. 
Geological Survey, 1978). Six types of maps are 
available: topographic base, county and state bound 
aries, minor civil divisions, river basins, federal land 
ownership, and land-use and land-cover maps. The 
land-use and land-cover maps delineate sub-areas in 
37 different land-use and land-cover categories. 
Areal units smaller than 10 acres are not delineated in 
this series of maps. These maps are available for 
viewing at the West Virginia Geological and Eco 
nomic Survey in Morgantown, West Virginia, and 
may be purchased from the U.S. Geological Survey 
in Reston, Virginia. The West Virginia Geological 
and Economic Survey has prepared a statistical sum 
mary of land use, based on the U.S. Geological 
Survey maps (West Virginia Geological and Econom 
ic Survey, 1980), which show acreages and percent 
age of land use for 26 categories.

14



.MASON SCALE 1:500,000 

10 20 30 MILES

30 KILOMETERS

38

na MI
158.S

Blue Sulphur 
Bc2bo»rsville

PUTN AM

KANAWHA

Sweejtland

GriffithRville
i, 

,'255 Yawke

EXPLANATION
Land use and land cover

| J Forest

anger Spurlockville"? 

Gil

B GONE

RALE IG H
_ine Creek B bu

at 

rah A

M I NGO

M 1 N GO

BASE FROM U. S. GEOLOGICAL SURVEY

Table 2.6-1 Summary of major land-use and land-cover classifications, 
in percent of land areas.

COUNTY FOREST AGRICULTURAL. URBANIZED BARREN 
COVER LAND LAND LAND

Boone
Cabeil
Kanawha
Lincoln
Logan
Mason**

Mingo
Putnam
Raleigh
Wayne
Wyoming

92.7
80.3
89.2
97.2
94.4

-

94.0
79.3
83.4
92.1
93.0

0.5
9.1
2.0
2.3

.6
-
.4

15.5
7.7
5.2
1.7

2.0

8.4

6.6

0.5

3.1
-

4.0

3.8
4.3

2.1

2.5

4.8

0.2

1.5

0

1.9
-

1.5

.1
4.0

.2

2.7

0
2.0

0.7

0
0.*

.1

1.3

.6

.4

.1*

* Does not reflect the contribution by R.D. Bailey 
Reservoir

** Data not available

Modified from West Virginia Geological 
and Economic Survey (1980)

Figure 2.6-1 Land use and land cover.

2.0 GENERAL FEATURES-Continued
2.6 Land Use



2.0 GENERAL FEATURES-Continued
2.7 Water Use in1979

Principal Water Uses are for Public Water Supply and Mining

Reported water use in Area 12 during 1979 was 45 million 
gallons per day. Water used for pub lie supply accounted

for26 million gallons per day or 58 percent of the total,
while most of the remainder, 19 million gallons per day or

42 percent, was water pumped from underground mines or water
used in coal preparation plants.

During 1979 a reported total of about 45 Mgal/d 
(million gallons per day) of water was withdrawn for 
public supply and mining in the major counties in 
Area 12. Water pumped for public supply, or sold by 
water companies to commercial, domestic, and in 
dustrial users, accounted for 26 Mgal/d or 58 percent 
of the total. Most of the remainder, 19 Mgal/d or 42 
percent, was water pumped from underground mines 
or water used in coal preparation plants. Water used 
for agriculture was about 0.07 Mgal/d.

Water used for mining was obtained entirely 
from ground-water sources, whereas water used for 
public supply was obtained mainly from surface- 
water sources (94 percent). Ground-water supplies 
are generally inadequate for public supply.

Water used for commercial, domestic, and in 
dustrial purposes in the major counties in Area 12 is 
shown in figure 2.7-1. Data are inadequate for 
determining water use in parts of counties lying 
partly within Area 12. The water-use figures shown

(fig. 2.7-1) are based on fairly complete records of 
water sold by public water suppliers and records of 
processed waste water from waste-treatment plants. 
Reported data on water use for mining are incom 
plete and represent records from 147 of 297 known 
NPDES (National Pollution Discharge Elimination 
System) permits for mining companies. Water use 
for agriculture was assumed to be the same as during 
1978.

The data in this report were taken from a report 
entitled, "Water Use in West Virginia," (Lessing, 
Behling, and Hilgar, 1981). Additional information 
may be obtained from the West Virginia Geological 
and Economic Survey.

For 1980 the data will be collected and compiled 
by state agencies. These data will be available 
through the National Water Data Exchange 
(NAWDEX). For details about NAWDEX see sec 
tion 7.2 of this report.
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2.7-1 Commercial, domestic, and industrial water use in major 
counties, in million gallons per day, 1979.
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3.0 GEOLOGY

Sedimentary Rocks Underlie the Area

Rocks underlying the area are primarily alternating beds of sandstone,
shale, mudstone, and coal with minor limestone. Alluvium exists in

Teays Valley and in major river valleys.

Area 12 was the site of numerous rivers, deltas, 
lagoons, lakes, and swamps during the Pennsylvani- 
an Period, about 300 million years ago. Sand, silt, 
clay, and plant remains were deposited, and subse 
quently became altered to rock. Today the rocks that 
underlie the basin consist primarily of interbedded 
sandstone, shale, mudstone, and coal.

The rocks are divided into six units as shown on 
figure 3.0-1, and are described here from oldest to 
youngest. The stratigraphic nomenclature in this 
report follows the usage of the West Virginia Geolog 
ical and Economic Survey (Cardwell and others, 
1968) and differs somewhat from the usage of the 
U.S. Geological Survey. The rocks are so variable 
that a specific account of the geology in one area 
could differ dramatically from that of an adjacent 
area. The following descriptions are based on the 
County Reports published by the West Virginia 
Geological and Economic Survey and the 1968 
Geologic Map of West Virginia (see Hennen, 1915; 
Hennen and Gawthorp, 1915; Krebs, 1911 and 1913; 
and Krebs and Teets, 1914,1915, and 1916).

The Pocahontas Formation crops out in Raleigh 
and Wyoming Counties but is as deep as 2,300 feet 
elsewhere in the basin. The formation is about 500 
feet thick in the basin, but only about the upper 200 
feet is exposed.

The New River Formation crops out in Raleigh 
and Wyoming Counties. It is about 1,000 feet thick 
in the southern part of the basin but thins rapidly to 
the north.

The Kanawha Formation crops out in Raleigh, 
Wyoming, Mingo, Logan, Boone, Wayne, and Lin 
coln Counties. The formation is more than 2,100 
feet thick in the southern part of the basin, thinning 
substantially to the north. The three formations 
described above are members of the Pottsville Group 
and their total thickness is probably less than 600 feet 
in the northern part of the basin. These rocks are not 
recognizable in the subsurface in Cabell County.

Arkle (1974) discusses the stratigraphy of these 
rocks.

The Allegheny Formation is found on the higher 
hilltops of Logan, Boone, and northern Wyoming 
Counties and in Lincoln and Wayne Counties. It is 
about 150 feet thick. Few wells are known to derive 
water from this formation.

The Conemaugh Group crops out in Lincoln, 
Cabell, Wayne, Putnam, Kanawha, and Mason 
Counties and on a few higher mountaintops in Boone 
County. The unit is about 500 feet thick. The red 
shale in this unit is susceptible to landsliding on 
slopes steeper than 15 percent (Lessing and others, 
1976).

The Monongahela Group crops out in Cabell, 
Wayne, and Mason counties and some ridgetops in 
southern Putnam and northern Lincoln Counties. 
The unit is about 250 feet thick.

The Dunkard Group crops out on a few hilltops 
in Cabell County in the northernmost part of the 
basin. It may be as thick as 1,200 feet further north, 
but only a few tens of feet of the lower part of the 
unit occur in Area 12 where it is generally above the 
zone of saturation. Card well and others (1968) gives 
a more detailed description of these geologic units.

Limestone is not a major rock type tapped by 
water wells within Area 12. However, it is present 
locally in the older shale and sandstone units and 
becomes more prevalent in the younger units.

At the time of their deposition, the layers of 
sandstone, shale, and coal were nearly horizontal. 
But later, the entire Appalachian area was subject to 
tremendous compression accompanying the uplifting 
of the Appalachian Mountains to the east. Although 
the force was not enough to severely fold and frac 
ture the rocks, as in eastern West Virginia and 
adjacent Virginia, it was enough to cause general 
lifting, gentle folding, and some fracturing of the 
strata.
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Figure 3.0-1 Generalized geology.

Rocks underlying the basin generally dip gently 
to the northwest in a broad monoclinal structure, but 
the dip is so low that it is virtually imperceptible to 
the eye. Superposed on that gentle dip are several 
anticlines and synclines.

Teays Valley (fig. 3.0-1) and the valleys of the 
Guyandotte River, Mud River, and many tributaries 
contain alluvium - unconsolidated clay, silt, sand, 
and gravel. Most of the alluvium is typically thin

(probably less than 10 feet) but is thickest along the 
larger streams. Significant alluvial deposits are 
found in Teays Valley and along the Guyandotte 
River beginning about 5 miles upstream from Teays 
Valley. The history of the alluvial deposits in Teays 
Valley is treated in a report by Rhodehamel and 
Carlston(1963).

3.0 GEOLOGY



4.0 COAL STATISTICS
4.1 Coal Production

Fifteen Percent of the West Virginia Coal in 1979 
was Produced from Area 12

In 1979, Area 12 mines produced nearly 17 million tons of bituminous
coal, 15 percent of West Virginia's total coal production. About 

90 percent of the production was produced by underground mining 
methods. In 1980,36 surface and 363 underground coal mines were

operated in Area 12.

West Virginia produced 84.7 million tons of 
bituminous coal in 1978 and was the Nation's second 
largest producer. Coal production in 1979 was 112 
million tons but was less than the peak production of 
153 million tons mined in 1967. About 11 and 17 
million tons were mined during 1978 and 1979 respec 
tively in Area 12. This was 14 and 15 percent of West 
Virginia total coal production in 1978 and 1979, 
respectively. Most coal (90 percent) was mined un 
derground in 1979. There were 363 underground and 
36 surface mines active as of April 1, 1980 in Area 12 
(West Virginia Department of Mines, 1980).

Coal production in Area 12 is primarily from the 
mountainous region in the upper Guyandotte River 
basin. The greatest total production in 1979 came 
from Logan and Wyoming Counties, which together 
produced 89 percent of Area 12 coal (table 4.1-1).

Coal seams underlie about 85 percent of Area 12. 
The entire southern part of the area is underlain by 
various coal seams. Coal in the northern part of the 
area, including much of Cabell, Wayne, and Putnam 
Counties, is nearly absent because of erosion of the 
coal-bearing geologic strata over geologic time. 
There are 62 coal seams in West Virginia that are

considered mineable (12 inches or more thick) al 
though not all are found in Area 12 (West Virginia 
Department of Mines, 1980). In Area 12, half of the 
production comes from 10 seams: Pocahontas No. 
3, Eagle, Coalburg, Cedar Grove, Campbell Creek, 
Winifrede, Chilton, Gilbert, Pocahontas No. 6, and 
Sewell. Twenty percent of the production in Area 12 
in 1979 was from the Pocahontas No. 3 seam (West 
Virginia Department of Mines, 1980). The general 
extent of these seams in West Virginia is shown in 
figure 4.1-1. These coals are mostly contained in the 
Potts ville Group.

Coals differ widely in carbon, ash, sulfur, and 
heat content. The coal-bearing rocks in Area 12 are 
divided into northern and southern fields, separated 
by a "hinge line" of coal-poor rocks (fig. 4.1-2). Most 
coal produced in the northern coal field contains 
more than 1.5 percent sulfur, whereas most coal 
produced from the southern field generally has less 
than 1.5 percent sulfur. High sulfur coal is often 
burned in fossil fuel electric power plants but can 
also be used for conversion to other fuels. Low- 
sulfur coal is primarily used to produce coke for the 
steel industry.

Table 4.1-1 Coal production 41 , in tons, for surface and underground 
mines during 1978 and 1979.

COUNTY

Boone
Cabell
Lincoln
Logan
Mlngo
Raleigh
Wyoming
Wayne
Kanawha
Mason
Putnam
Yearly total

SURFACE

**
*,*
**

1,088,695 
53,554**

225,473
**

6 
o 
o

1,367,722

UNDERGROUND

19,906
0
0

3,964,755
547,036
617,491

4,977,264
0

. 0
0
0

10,126,452

SURFACE

**
**
**

1,209,880 
35,932**.

484,500
** .

0
0
0

1,730,312

UNDERGROUND

26,672
0
0

4,832,794
1,065,936

775,590
8,507,045

26,708
0
0
0

15,234,745

*Productlon figures reflect mines within Area 12 only 
"Production figures are assumed to be zero

Source: West Virginia Department of Mines, 1980

20



CAMPBELL CREEK (NO. 2 GAS) COAL CEDAR GROVE COAL CHILTON COAL COALBURG COAL

EAGLE COAL

NO. 6 POCAHONTAS COAL

GILBERT COAL

SEWELL COAL

GENERALIZED EXTENT OF MAJOR COAL. SEAMS FROM L.OTZ, 197O

NO. 3 POCAHONTAS COAL

WINIFREDE COAL

EXPLANATION 

Sulfur content in coal, in percent 

Less than 1.5

GENERALIZED SULFUR CONTENT OF BITUMINOUS 

MODIFIED FROM BABU AND OTHERS, I 973.
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4.0 COAL STATISTICS-Continued
4.2 Surface Mines

Ten Percent of 1979 Coal Production is from Surface Mines

In 1979,36 surface mines in Area 12 produced 1.7 million tons of
coal, 10percent of the area's coal production. Most of the

surf ace mines are located in Logan and Wyoming Counties.

The number of surface coal-mining operations in 
West Virginia has increased from 386 in 1975 to 882 
as of April 1980 (Welker and others, 1980). One 
reason for this growth is the high productivity of 
surface mines. During 1979, surface mines produced 
17.4 tons of coal per man day, whereas underground 
mines produced only 8.8 tons per man day (West 
Virginia Department of Mines, 1980). However, 
surface mining is feasible only where the coal is close 
to the surface. The most productive coal seams, such 
as the Pocahontas, are too deep to be surface mined.

As of April 1980, 36 surface mines had permits 
to mine 12.4 mi2 (square miles) in Area 12 (fig. 
4.2-1). In 1979, surface mines produced 1.7 million 
tons, 10 percent of the total coal production for the 
area. Over half of the active surface mines (19) are hi 
Logan County. Other counties with substantial min 
ing operations include Wyoming (9 mines) and Min- 
go (8 mines) (table 4.2-1). Most surface mining in

Area 12 occurs in the upper Guyandotte River basin 
between the towns of Logan and Justice. There are 
no surface mines that operate in Wayne, Lincoln, 
Boone, Cabell, Mason, Putnam, or Kanawha Coun 
ties within Area 12.

Surface mines have increased in size as well as in 
number. In 1977, mining permits were for an aver 
age area of 76.6 acres, while in 1979 the new permits 
were for an average of 99.6 acres. For the first 
quarter of 1980, permit applications were for an 
average of 131.5 acres (Welker and others, 1980). 
About 129 mi2 (6.1 percent) of Area 12 has been 
surface mined (West Virginia Department of Natural 
Resources, 1980a). Practically all the surface mines 
are in the upper Guyandotte River basin where the 
generally steep slopes have a high potential for soil 
erosion.
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Table 4.2-1 Production from surface coal mines during 1978 and 
1979 and distribution of active mines.

:OUNTY

Logan

Mingo

Wyoming

Totals

NUMBER OP 
ACTIVE SURFACE MINES 

(APRIL. 1980)

19

8

9

36

PERMIT AREA, 
IN ACRES

4,972

1,283

1,688

7,943

PRODUCTION, 
1978

1,088,695

53,554

225,473

1,367,722

IN TONS* 
1979

1,209,880

35,932

484,500

1,730,312

M I NGO

*Production figures are for mines within Area 12. Counties not listed 
had no recorded surface production in 1978 or 1979 in Area 12.

Source: West Virginia Department of Mines, 1980
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BASE FROM U. S. GEOLOGICAL SURVEY 
STATE BASE MAP. 1966

"Figure 4.2-1 Location of active surface coal mines and generalized areas previously surface mined.
4.0 COAL STATISTICS-Continued
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4.0 COAL STATISTICS-Continued
4.3 Underground Mines

Ninety Percent of 1979 Coal Production is from Underground Mines

In 1979, 363 underground coal mines produced 15.2 million tons of
coal, 90 percent of the area's coal production. Most of the mines

are located in the upper Guyandotte basin.

In 1979, 90 percent of the coal production in 
Area 12 (15,200,000 tons) was produced from 363 
underground mines (West Virginia Department of 
Mines, 1980) (fig. 4.3-1).

Underground mining occurs chiefly in the upper 
Guyandotte River basin. More than 84 percent of the 
mines are in Logan or Wyoming Counties. Other 
counties with significant underground mining include 
Mingo (33 mines) and Raleigh (16 mines) (table 
4.3-1). Very few mines are located in the lower 
Guyandotte River basin or in Twelvepole Creek basin 
because the coal has been removed by erosion over 
geologic time.

About 328 mi2 (square miles) (15 percent) of the 
area has been deep mined in one or more coal seams 
(West Virginia Department of Natural Resources, 
1980a). Most of this mining occurred in the Guyan 
dotte River basin upstream from the town of Logan 
(fig. 4.3-1). Large quantities of spoil material are 
often discarded near mine portals. Some of the 
larger piles shown in figure 4.3-1 are indicators of 
past mining activity. Drainage from spoil areas may 
contain high concentrations of iron, manganese,

sulfate, magnesium, aluminum and calcium (Krothe 
and others, 1980), and degrade the water quality of 
receiving streams. About 288 miles of streams in the 
Guyandotte River basin are continuously affected by 
mine drainage, organic material, or by a combination 
of both (West Virginia Department of Natural Re 
sources, 1976).

A danger associated with coal-mine spoil piles is 
the possibility of stream blockage and temporary 
impoundment of large volumes of water behind mine 
refuse that has accumulated in hollows. Sudden 
collapse of a mine-refuse dam after a period of heavy 
rainfall in Logan County caused the disasterous 
Buffalo Creek flood in 1972 (Runner, 1974).

Most of the coal mined by underground methods 
comes from coal seams in the Pottsville Group. The 
Pocahontas No. 3 seam yielded 3.4 million tons of 
coal in 1979, 20 percent of the area production. 
Other seams yielding 0.5 million tons or more in 1979 
include: Eagle, Coalburg, Cedar Grove, and Camp 
bell Creek (West Virginia Department of Mines, 
1980).
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Table 4.3-1 Production from underground coal mines in Area 12 
for 1979 and distribution of mines.

COUNTY*

Boone

Cabell

Lincoln

Logan

Mingo

Raleigh

Wayne

Wyoming

TOTALS

NUMBER OF MINES

2

1

2

150

33

16

3

156

363

1979 COAL. 
PRODUCTION, IN TONS

26,672

0

0

4,832,794

1,065,936

775,590

26,708

8,507,045

15,234,745

 Counties not listed had no recorded production or mines in 1979. 

Source: West Virginia Department of Mines, 1980

Figure 4.3-1 Active underground coal mines, mine refuse disposal sites 
and generalized areas deep mined in one or more coal seams.

4.0 COAL STATISTICS-Continued
4.3 Underground Mines



5.0 GROUND WATER
5.1 General Features of Occurrence

Ground Water is Derived from Precipitation

In Area 12, a small part of the average annual precipitation reaches
the ground-water reservoir. This water moves slowly through fractures

in the ground-water reservoir to nearby stream valleys, where it is
released through seeps, springs, or directly into streambeds.

The source of ground water in Area 12 is precipi 
tation chiefly in the form of rain. On steep hillsides 
the amount of water that runs off is large compared 
to the amount that infiltrates the ground. When 
water infiltrates, a part is retained at shallow depth as 
soil moisture (later to be available for withdrawal by 
transpiration or evaporation), and a part moves 
downward to the zone of saturation. Locally, 
perched water bodies exist above the zone of satura 
tion. They may be found above impermeable rock 
layers which impede the downward percolation of 
water (fig. 5.1-1). Where the zone of saturation is 
overlain by permeable rocks that allow water from 
precipitation to enter directly by downward percola 
tion, unconfined or water-table conditions exist. 
Artesian conditions exist where water-bearing zones 
lie between or beneath relatively impermeable rock.

Two types of rock openings are of principal 
importance for the storage and circulation of ground 
water ~ intergranular openings and fractures. Inter- 
granular openings or pores are generally of primary 
origin, having been formed when the rocks were 
deposited as sediment. In Area 12, compaction and 
cementation with mineral matter have nearly 
eliminated connected pores in consolidated rocks. 
Although the unconsolidated alluvium along major 
streams has been only slightly affected by compac 
tion and cementation, it has such low permeability 
that it acts as a confining layer in many parts of the 
area (Wyrick and Borchers, 1981).

Rock fractures such as faults and joints are 
cracks caused by rock deformation after deposition 
and consolidation. Faults are fractures along which 
rocks have moved, and, although many zones of 
fractured rock are evident in road cuts, few faults are 
found in Area 12. However, minor movement has 
taken place on nearly all valley walls, where blocks of 
sandstone have tilted, slumped, or slid downward a 
short distance in response to gravity. Joints are 
breaks in the rock cutting across the bedding and

along which virtually no movement has occurred. 
They are sets of approximately parallel linear cracks 
spaced from several inches to many feet apart. In 
Area 12, joints and fractures are the major openings 
for accumulation and movement of water.

Fractures are more prevalent near the axes of 
folds. Because anticlines were under tension during 
folding, the fractures are open so that water can flow 
through them. Synclines at the same time were under 
compression, so fractures there are generally tightly 
closed. Fracture zones on the few anticlines are 
among the more significant water-bearing zones in 
Area 12. For example, according to Bader and 
others (1976), the flow of Rock Creek in the Coal 
River basin (adjacent to Area 12) doubled after 
crossing the axis of the Warfield anticline when 
measured on October 3,1974.

Another probable cause of fractures in the area is 
the unloading effect (stress relief) caused by erosion 
of the valleys as described by Wyrick and Borchers 
(1981). Fracturing caused by unloading is local and 
confined to the valley sides and bottom. It signifi 
cantly affects the occurrence and movement of 
ground water in those areas.

Topography has a bearing on the location of 
successful water wells in the area. The water table is 
generally shaped like the topography (fig. 5.1-1); that 
is, the altitude of the water table is highest under hills 
and lowest in valleys. However, the section of un- 
saturated rock on the hill is generally thicker, neces 
sitating a deeper well. By contrast, a valley well 
typically penetrates a thinner unsaturated section and 
has a higher static water level.

The dewatering of mined areas has caused a 
decline in water level in many areas. Sometimes the 
decline is permanent and at other times the water 
level recovers when mining ceases.
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Figure 5.1-1 Generalized ground-water movement.
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5.0 GROUND WATER-Continued
5.2 Yield of Wells

Yield of Wells Ranges from 0.5 to 340 Gallons per Minute

Fractures in the rocks are the most significant source of ground water 
in Area 12. Wells in valleys produce the most water.

The yield of a water well is a function of the 
amount of water recharging the storage reservoir, the 
geology of the area, the amount of fracturing, the 
efficiency and size of the well and the pump, the 
depth of the well, and the proximity of other wells. 
Well-yield data for Area 12 were reported by water- 
well drillers and well owners. These data indicate 
that the yield of wells in the valleys is about three 
times that of wells on hillsides or hilltops. The 
average yield from wells in valleys was nearly 27 
gal/min (gallons per minute), whereas that from 
wells on hills was less than 9 gal/min. The yield of 
wells in the area ranged from 0.5 to 340 gal/min.

Fractures in the rocks are the most significant 
source of ground water in Area 12. Alluvium yields 
little water in the area because it is present only 
locally, and then usually very thin and unsaturated.

The thicker deposits in Teays Valley contain thick 
deposits of clay and are of very low permeability. 
The data are summarized in table 5.2-1.

Water levels are closer to the land surface in 
valleys in Area 12; artesjan conditions are sometimes 
encountered and some flowing wells are found in 
these areas. Because pumping lift is less under these 
conditions, yields are higher per unit of pumping 
energy. A summary of water-level data is given in 
table 5.2-2.

Wells in valleys are not as deep as wells on hills 
because the unsaturated zone is much thinner. 
Consequently, the wells reach the water table at a 
shallower depth. A summary of well-depth data is 
given in table 5.2-3.
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Table 5.2-1 Summary of well-yield data.

TOPOGRAPHIC 
SETTING AT WELL

Valley

Hillside

Hilltop

MINIMUM YIELD 
(GAL/MIN)

0.5 

0.5 

0.5

MAXIMUM YIELD 
(GAL/MIN)

340

50

50

AVERAGE YIELD 
(GAL/MIN)

26.8 

8.3 

8.5

NUMBER 
OF WELLS

176

71

12

Table 5.2-2 Summary of water-level data.

TOPOGRAPHIC 
SETTING AT WELL

Valley

Hillside

Hilltop

MINIMUM DEPTH 
TO WATER (FEET)

0.9

2.5

14.2

MAXIMUM DEPTH AVERAGE DEPTH 
TO WATER (FEET) TO WATER (FEET)

139

250

444

22.7

40.7

89.2

NUMBER 
OF WELLS

208

100

21

Table 5.2-3 Summary of well-depth data.

TOPOGRAPHIC 
SETTING AT WELL

Valley

Hillside

Hilltop

MINIMUM WELL 
DEPTH (FEET)

7.0

10

38

MAXIMUM WELL 
DEPTH (FEET)

800

525

534

AVERAGE WELL 
DEPTH (FEET)

90.7

101

148

NUMBER 
OF WELLS

251

112

22

5.0 GROUND WATER-Continued
5.2 Yield of Wells



5.0 GROUND WATER-Continued
5.3 Ground-Water Quality

Ground-Water Quality Best in Alluvium

Samples of well water in the Upper Pennsylvanian rocks have highest 
specific conductance, pH, alkalinity, carbonate hardness, dissolved

solids, and iron. Samples from water in the alluvium have lowest 
specific conductance, pH, alkalinity, chloride, carbonate hardness,

iron, and manganese.

Chemical analyses of water from the sampled 
wells in Area 12 were sorted by geologic unit, and 
whether they appeared to be affected by mining or 
salt-water intrusion. The chemical analyses of water 
in wells in those categories were evaluated on the 
basis of well location relative to nearby land use, 
depth of wells, and select constituent concentrations 
to determine if differences in water quality existed. 
The results show that the water from wells in the 
alluvium is, of the highest quality and that poorest 
quality water is from wells in the Upper Pennsylvani 
an rocks (Conemaugh and Monongahela Groups). 
The comparison of ground water in the three geolog 
ic units is shown in table 5.3-1. Those results are for 
wells determined to be relatively unaffected by min 
ing or salt water. The mean specific conductance of 
water in the Upper Pennsylvanian rocks is more than 
twice that of water in the alluvium; alkalinity is four 
times greater; dissolved solids nearly 2.5 times great 
er; iron 16 times greater; and manganese nearly 15 
times greater. With the exception of iron, mean 
values for constituents in ground water from the 
Lower Pennsylvanian rocks (Pottsville Group) lie 
between the values for those from the alluvium and 
the upper Pennsylvanian rocks.

Comparison of chemical analyses from water in 
wells affected by mining in the Upper and Lower 
Pennsylvanian rocks shows similar results. For exam 
ple, the mean specific conductance of ground water 
in the upper rocks is more than twice as high as that 
for the lower; alkalinity more than six times as high; 
and dissolved solids nearly 2.5 times as high. Similar 
results were obtained for wells affected by salt water. 
These results were obtained by comparing tables 
5.3-2, and 5.3-3, which summarize the analyses for 
water from the Upper and Lower Pennsylvanian 
rocks.

Table 5.3-4 lists chemical analyses of water from 
a well in each of the three geologic units discussed 
above. These water-quality analyses are "typical" of

water unaffected by mining or salt-water (table 5.3-1) 
in the three geologic units (fig. 3.0-1). The location 
of the "typical" wells is shown on figure 5.3-1.

The rocks in the Upper Pennsylvanian unit are 
more soluble than in the other units, thus water 
percolating through them dissolves more minerals 
during a given time than in other units. Limestone is 
one of the more soluble minerals and it is more 
abundant in those rocks than in the alluvium or the 
lower Pennsylvanian unit. Its effect on the water 
chemistry is evident from the higher values for specif 
ic conductance, alkalinity, calcium, carbonate hard 
ness, and dissolved solids (table 5.3-1).

In areas of mining, the ground-water flow pat 
tern has been locally disturbed, permitting "fresh" 
water to penetrate rocks and mix with ground water 
which was formerly in chemical equilibrium. Conse 
quently, recharge with a fairly high concentration of 
dissolved oxygen can attack oxidizable minerals such 
as pyrite, producing sulfate (SO4~2), hydrogen ions 
(H"1"), and ferrous iron (Fe ) in the presence of 
sulfur oxidizing bacteria. The latter may be further 
oxidized to ferric iron (Fe +3), releasing more H + 
(Nriguand Hem, 1978). Some of that water is 
pumped from the mines, but some continues to 
percolate through the rocks until it is intercepted by a 
well and is pumped to the surface. Wells tapping 
such a water source generally yield water with a 
higher content of sulfate and noncarbonate hardness 
(tables 5.3-2 and 5.3-3).

The mixing of ground water and surface runoff 
influences the quality of water in Area 12. Generally, 
the surface runoff is of a calcium bicarbonate type, 
but ground water is variable chemically. Because of 
local recharge, ground water may be contaminated 
by calcium sulfate water from mines or by brine 
disposal in the oil and gas producing areas. Ground- 
water discharge from abandoned mines in the head 
waters results in an increase of the dissolved-solids 
concentration of the receiving stream (Bader and 
others, 1978).
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Figure 5.3-1 Water-quality samples, unaffected by mining or saltwater, 
from the three geologic units.

Table 5.3-1 Comparison of water analyses from wells unaffected by mining or salt water.

Alluvium

Upper
Pennsylvanian

Lower
Pennsylvanian

Max
Min
Mean

Max
Min
Mean

Max
Min
Mean

:<^<^

iP

710
100
224

1,000
100
499

930
45

269

to 
0s' r

7.3
5.5 *
6.6

8.9
6.2 *
7.2

8.3
4.5 *
7.0

^

246
12
57

435
0

229

435
9

94

C$^

29
0
8.7

120
1.0

19

180
0.8

14

°&

110
11
38

100
0.1

21

88
0

34

^ J& .£^ .6  ?> e.

200
26
77

300
3

109

230
3

68

110
0

23

53
0
3.7

75
0
6.5

433
55

136

646
119
318

588
21

152

170
0

100

32,000
0

1,686

16,000
10

3,266

60
0

19

3,900
0

274

8,900
0

232

,<4"
4*

14

94

191

*Median value.

Table 5.3-2 Summary of water analyses from wells in the Upper Pennsylvanian System.

Wells unaffected 
by mining or 
salt water

Wells affected 
by mining

Wells affected 
by salt water

Wells unaffected 
by mining or 
salt water

Wells affected 
by mining

Wells affected 
by salt water

Wells unaffected 
by mining or 
salt water

Wells affected 
by mining

Wells affected 
by salt water

Max 1,000

Max 1,750

Max 5,500

Min 100

Min 300

Min 850

Mean 499 

Mean 1,000 

Mean 2,150

8.9

7.4

8.4

6.2

6.1

7.2

7.2*

7.2*

7.9*

435

328

361

0

68

0

229

207

235

120

78

2,200

1.0

0.8

100

19.2

19

643

100

870

28

0.1

60

0.4

20.9

353

11

300

950

1,900

3

130

6

109

496

397

53

670

1,900

0

57

0

3.7

290

313

646

1,520

3,420

119

200

529

318

746

1,300

32,000

7,100

77,000

0

20

30

1,690

1,400

13,360

3,900

640

1,400

0

10

0

274

196

280

94

7

7

94

7

7

94

7

7

Median value

Table 5.3-3 Summary of water analyses from wells in the Lower Pennsylvanian System (Pottsville).

Wells unaffected
by mining or
salt water

Wells affected
by mining

Wells affected by
salt water

Wells unaffected
by mining or
salt water

Wells affected
by mining

Wells affected
by salt water

Wells unaffected
by mining or
salt water

Wells affected
by mining

Wells affected
by salt water

Max

Max

Max

Min

Min

Min

Mean

Mean

Mean

930

2000

3500

45

70

650

269

482

1,250

8.3

8.0

7.6

4.5

4.1

6.7

7.0*

6.6
7.2*

435

130

254

9

0

123

94

32

174

180

250

1,000

0.8

1.0

140

14

19

304

88

1,200

3.1

0

0.4

0

34

172

1.2

230

1,300

210

3

24

32

68

183

100

75

1,300

38

0

13

0

6.5

150

3.8

588

1,790

1,930

21

42

385

152

324

696

16,000

180,000

9,800

10

0

60

3,270

16,500

2,587

9,900

9,900

650

0

0

10

232

4,230

196

191

38

10

191

38

10

191

38

10

Median value

Table 5.3-4 "Typical" chemical analyses from wells not affected by mining or 
salt-water intrusion in the three major geologic units.
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6.0 SURFACE WATER
6.1 Gaging-Station Network

Hydrologic Data Systematically Collected at 12 Gaging Stations

Stream flow and water-quality data are collected at 12 
continuous-record gaging stations in the area.

Long-term, systematic collection of data at an 
established network of river stations is needed for the 
assessment of streamflow characteristics. The loca 
tions of 12 active gaging stations (1980) are shown in 
figure 6.1-1. Drainage area, type data, sampling 
frequency, and other data are given in section 8.0. 
Gaging stations, which are also termed continuous- 
record stations, are stream sites where records of 
stage are recorded by automatic recorders. Records 
of stage are combined with stage-discharge relation 
ships to determine actual rates of streamflow. The 
streamflow data are published annually as daily 
mean discharge by the U.S. Geological Survey in 
"Water Resources Data for West Virginia." Data for 
inactive and active stations are available from com 
puter storage through the National Water Data Ex 
change (NAWDEX). (See Section 7.0.)

Surface-water quality is dependent on stream- 
flow, precipitation, geology, land and water use, and 
wastewater discharge. Thus, water quality is often 
highly variable and systematic collection of water-

quality data under differing streamflow conditions is 
usually necessary to evaluate water-quality condi 
tions.

Water-quality data were collected at 10 of the 
gaging stations at various intervals. Specific conduc 
tance, pH, water temperature, and alkalinity were 
measured on site at monthly intervals at most sta 
tions (fig. 6.1-1). Water samples were collected 
monthly for determination of most dissolved major 
constituents (calcium, magnesium, sodium, bicar 
bonate, chloride, and sulfate) and for dissolved and 
total concentrations of iron and manganese. Sus 
pended-sediment concentrations were measured once 
daily or less frequently at selected sites shown in 
figures 6.1-1 and 6.4.8-1. Water-quality data for all 
sites are available from computer storage through 
National Water Data Exchange (NAWDEX). Data 
for active sites are published annually by the U.S. 
Geological Survey in "Water Resources Data for 
West Virginia."
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Figure 6.1-1 Location of gaging stations active in 1980.
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6. 1 Gaging-Station Network



6.0 SURFACE WATER-Continued
6.2 Synoptic Network

Hydrologic Data Collected Intermittently at 36 Synoptic Sites

Streamflow and water-quality data were collected at 36 ungaged
synoptic sites. Drainage areas of the sites were generally
less than 50 square miles and data collection was on an

intermittent basis under different streamflow conditions.

Hydrologic information on small streams is a 
necessary supplement to data collected at regular 
gaging stations if mining and other land-use impacts 
are to be detected. Generally, data acquired at 
regular gaging stations reflect large drainage basins 
with multiple land uses. The average drainage area 
for gaging stations in the area is 332 mi2 (square 
miles). Water quantity and quality impacts due to 
mining are less obscured if data is acquired for small 
basins. For this reason a network of 36 miscellane 
ous sites was established where a series of synoptic 
measurements would serve to supplement data from 
the continuous record stations. Drainage areas of the 
synoptic sites were generally less than 50 mi2 and data 
collection was on an intermittent basis under differ 
ent streamflow conditions. Drainage areas, site iden 
tification, type and period of record, and sampling 
frequency for all sites are given in section 8.0. Site 
locations are shown in figure 6.2-1.

Streamflow during synoptic-site sampling in 
1979 and 1980 was primarily low to moderate. 
Instantaneous streamflow, pH, specific conductance, 
water temperature, and alkalinity were measured on 
site. Water samples were collected for the determina 
tion of most dissolved major constituents (calcium, 
magnesium, sodium, bicarbonate, chloride, and 
sulfate), and for dissolved and total concentrations 
of iron and manganese. Samples were also collected 
once for total concentrations of selected trace ele 
ments in stream-bottom sediment. Water samples 
were collected at sites 6, 21, and 35 during selected 
storms and analyzed for suspended sediment. Data 
for all sites are available from computer storage 
through National Water Data Exchange (NAWDEX) 
and are published annually by the U.S. Geological 
Survey in "Water Resources Data for West Virginia."
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6.0 SURFACE WATER-Continued
6.3 Surface-Water Quantity 

6.3.1 Low Flow

Basin and Climate Characteristics Affect Low Flow of
Streams in Area

Low flow of streams in Area 12 is influenced by basin and climate
characteristics as well as by activities of man. Streamflows in

this area become very low during drought and many go dry. Low-flow
data are available for 6 sites in the area.

Low-flow statistics for streams are often used in 
the planning of water-supply facilities to assure an 
uninterrupted supply during dry periods. They are 
also used in the design of waste treatment facilities to 
ensure adequate dilution of wastewater discharged to 
streams during low-flow periods. Low flow is affect 
ed by streamflow regulation, size of drainage area, 
geology, climate, wastewater discharge, mining, and 
by withdrawals from streams for domestic, industri 
al, and agricultural purposes.

A commonly used streamflow characteristic is 
the lowest 7-consecutive day mean low flow at 
10-year recurrence intervals (M7 1Q). The probability 
that the actual low-flow value during any one year 
will be less than the calculated low-flow value is equal 
to the reciprocal of the recurrence interval. That is, 
there is a 10 percent chance that the average flow for 
the lowest 7 consecutive days during any year will be 
less than the calculated M? 1Q value.

Low-flow statistics (M? 2 ; M7 .Q) at selected sites 
in Area 12 (fig. 6.3.1-1 and table 6.3.1-1) were 
calculated by fitting discharge values to a Log-Pear- 
son type HI frequency distribution (Hutchinson, 
1975). Some of the data for streams in table 6.3.1-1 
represent streamflow from non-concurrent time peri

ods and are not suitable for comparison between 
stations.

Streamflow regulation by dams affects discharge 
in the Guyandotte River, Beech Fork, and East Fork 
Twelvepole Creek. Regulation generally augments 
low flows during dry periods. The basin climate and 
size of drainage area also affect low flow. The 
smaller the drainage area, the greater the chance that 
a stream may go dry during periods of drought. 
Wastewater discharges also increase streamflow and 
may change water quality. It has been estimated that 
water use is approximately 50-80 gal/d (gallons per 
day) per person and the water is mostly returned to 
streams as wastewater.

Mine drainage and mine pumpage can also in 
crease streamflow. In a study of five small drainage 
areas in the Guyandotte River basin, mine drainage 
was 14 to 34 percent of the streamflow in heavily 
mined basins during a period of low streamflow 
(James W. Borchers, written communication, 1981). 
Hobba (1981) reported similar findings in a study of 
underground mining and mine collapse in northern 
West Virginia.

Table 6.3.1-1 Low-flow statistics for selected streams.

SITE
NUMBER

9

27

32

37

41

43

STATION NAME

Guyandotte River near Baileysville

Guyandotte River at Logan 
(Unregulated period)

Guyandotte River at Branchland 
(Unregulated period)

Mud River near Milton

East Fork Twelvepole Creek near Dunlow

Twelvepole Creek below Wayne

PERIOD OF 
RECORD

1968-80 

1962-74

1930-73

1938-80 

1964-80

1927-31 
1946-54 
1955-72

7,10

29.9

43.6

26.4

0.19

.03

1.67

""7,2

(FT3/S)

55.9

76.5

74.5

1.57

0.40

5.94
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Figure 6.3.1-1 Location of selected low-flow sites.
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6.0 SURFACE WATER-Continued
6.3 Surface-Water Quantity-Continued 

6.3.2 Peak Flow

Floods Vary with Drainage Area

Drainage-area size is the primary factor determining 
the magnitude of floods in Area 12.

Estimates of the magnitude and frequency of 
floods are needed for safe and economical design of 
hydraulic structures and flood-plain management. 
Flood frequencies are generally expressed in terms of 
probability of occurrence or recurrence interval. For 
example, a flood having a 2 percent chance of being 
exceeded in any one year is also described as a 50 
(inverse of 0.02) year recurrence-interval flood.

Regression equations for estimating the magni 
tude and frequency of floods at ungaged sites in West 
Virginia were developed by Runner (1980).

The equations are of the following form:
9i = cAb 3

where Qj is the peak discharge in ft /s (cubic feet per 
second) at a given i year recurrence interval; c is the 
regression constant; A is the drainage area in mi2 
(square miles); and b is the regression coefficient.

The equations, developed for each of three geo 
graphical regions within the state (fig. 6.3.2-1), are 
applicable to streams with drainage areas ranging 
from 0.3 to 2,000 mi2 . The equations applicable to 
Area 12 for Q 10, Q50 , and Qm are

Drainage Area 550 to 2000 mi2 , Q in = 149A10.818

Drainage area 0.3 to 549 mi2 , Q. n = 201 A10.771

Drainage area 0.3 to 529 mi2 , Q5Q = 354A0 - 733 

Drainage area 530 to 2000 mi2 , Q50 = 249A0- 789

QIOO 

Drainage area 0.3 to 529 mi2 , Q 100 = 437A0- 719

Drainage area 530 to 2000 mi2 , Q 100 = 303A0- 777

Graphical solutions for estimating the 10-, 50-, 
and 100-year instantaneous peak discharge for 
streams in Area 12 are shown in figure 6.3.2-2. An 
example of peak discharge determinations for a 
stream is also illustrated in figure 6.3.2-2. In the 
example, the Q^, Q50 , and Q 1QQ for a stream with a 
drainage area of 50 mi2 are 4,100, 6,200, and 7,300 
ft3/s, respectively.

The relations presented here should not be used 
to estimate peak flows for streams draining urban 
areas, streams with significant regulation, or with 
drainage areas less than 0.3 or greater than 2,000 mi2 .
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6.0 SURFACE WATER-Contimied
6.3 Surface-Water Quantity-Continued 

6.3.3 Flood-Prone Areas

Flood-Prone Area Maps Available for Area

The limits of the 100-year recurrence interval flood in Area 12 are 
delineated on 47 selected 7 1/2-minute quadrangles.

The National Flood Insurance Act of 1968 and 
the Flood Disaster Protection Act of 1973 established 
programs for investigating the extent of flooding in 
urban areas and rural communities. Flood-prone 
area maps prior to 1969 were for "approximate areas 
occasionally flooded". In 1969 the project was 
changed to delineate the approximate boundaries of 
the 100-year flood. In 1969 the U.S. Geological 
Survey began a mapping program to delineate flood- 
prone areas for all affected communities, recreation 
al areas, and areas with the potential for develop 
ment. Maps were produced using stage-frequency 
relations at gaging stations, profiles of high-water

marks, and regional flood-frequency curves. In gen 
eral, the delineated areas are for natural stream 
conditions and give the user a quick way of identify 
ing areas of potential flood hazards.

The locations of 47 flood-prone area maps in 
Area 12 are shown on figure 6.3.3-1. Completed 
flood-prone area maps are shown with the quadran 
gle name for each available 7 1/2 -minute map. The 
maps are open-file and available upon request from 
the U.S. Geological Survey District Office, 3416 
Federal Building, Charleston, West Virginia 25301.
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Figure 6.3.3-1 Index of flood-prone area maps.
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6.0 SURFACE WATER-Continued
6.3 Surface-Water Quantity-Continued 

6.3.4 Duration of Flow

Flow-Duration Curves for Streams in Area 12 Summarize the Effects 
of Basin Characteristics on Streamflow

Streamflow duration is affected by topography, geology, climate, 
size of drainage area, and by man's activities including Streamflow 
regulation and mining. Streamflow duration data are available for

8 stations in the area.

A flow-duration curve is a cumulative frequency 
curve showing the percentage of time that a specific 
daily discharge was equaled or exceeded during a 
given period of time. The curves are often used to 
demonstrate Streamflow distribution and variability. 
The flow-duration curve is one way of representing 
the flow characteristics of a stream throughout the 
range of discharge without regard to the sequence of 
occurrence. It is applicable only to the period of 
record used to develop the curve. Flow-duration 
curves can be used in computing suspended-sediment 
or dissolved-solute loads if the appropriate stream- 
flow versus sediment or chemical solute transport 
curves are known.

Flow-duration data for selected gaging sites (fig. 
6.3.4-1) are summarized in table 6.3.4-1 for un 
regulated and regulated periods of time. Some of the 
data in table 6.3.4-1 represent Streamflow from non- 
concurrent time periods and are not suitable for 
comparisons between sites.

Regulation affects Streamflow variability and the 
shape of flow-duration curves by reducing flood 
peaks and increasing low flows. Figure 6.3.4-2 shows 
flow-duration curves at site 43 (Twelvepole Creek 
below Wayne) for unregulated and regulated periods. 
The curve for regulated conditions (1972 to 1979) 
indicates decreased high flows at discharges greater 
than 2,700 ftVs (cubic feet per second) and increased 
low flows at discharges less than about 15 ft3/s. The 
substantial flattening in the upper and lower portions 
of the duration curve reflects the effects of regulation 
of East Lynn Reservoir. Similarly, the difference 
between the curves from the 5 to 95 percent durations 
shown in figure 6.3.4-2 reflects the overall variation 
in precipitation occurring during the unregulated and 
regulated time periods.

Flow duration is also affected by the annual

distribution of precipitation. For example, discharge 
corresponding to 50 percent duration at site 37 (Mud 
River near Milton) for April during the entire period 
of record was 230 ftVs, whereas discharge at the 
same duration for October was 6.5 ftVs.

Discharges around the 20-30 percent duration 
usually correspond to the stream's mean flow, 
whereas Streamflow occurring at or greater than 75 
percent duration is generally considered low flow. 
Streamflow occurring at or less than 10 percent 
duration is generally considered high flow. Flow 
duration is affected by many natural basin character 
istics such as topography, geology, size of drainage 
area, climate, and by activities of man, including 
Streamflow regulation and mining.

Basin topography and geology have a major 
influence on the shape of the flow-duration curve. 
Streams receiving direct surface runoff with limited 
contribution from ground-water storage typically 
have flow-duration curves with a steep slope. 
Streams receiving delayed surface runoff and 
ground-water storage have flow-duration curves with 
flatter slopes, particularly in the low-flow portion. 
The flow-duration curve for site 41 (East Fork Twel 
vepole Creek near Dunlow) (fig. 6.3.4-2) is steep and 
reflects limited contribution of ground water. East 
Fork Twelvepole Creek drains 38.2 mi2 (square 
miles) of mountainous terrain in the headwaters of 
Twelvepole Creek basin where land slopes generally 
exceed 30 percent.

Surface and underground mines can also affect 
Streamflow duration when Streamflow is augmented 
by mine drainage or pumpage. The effect on the 
low-flow portion of the curve is similar to Streamflow 
sustained by ground-water discharge during dry peri 
ods. Melvin V. Mathes (written communication, 
1981) indicated that in several small basins in the 
Guyandotte River basin, high streamflows were less 
and low flows were greater in heavily mined basins 
than in unmined basins.
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Figure 6.3.4-1 Location of selected gaging stations 
for determination of flow duration.

Table 6.3.4-1 Flow duration for selected sites.

SITE 
NUMBER

9
8

14
27
27*

32
32*

37
41
43
43*

PERIOD OF 
RECORD

1968-80
1974-79
1974-79
1962-74
1974-79
1930-73
1973-79
1938-79
1964-79
1967-72
1972-79

DAILY MEAN DISCHARGE, IN CUBIC FEET PER SECOND, 
THAT WAS EXCEEDED FOR INDICATED PERIOD OF TIME

10

960
150
470

2,400
3,100
4,000
4,800

720
130
810

1,300

25

530
65

230
1,300
1,600
1,800
2,600

270
55

340
520

50

260
23
96

550
750
670

1,100
76
19

130
200

70

140
9.2

46
240
390
260
560
20

6.3
45
83

75

120
6.8

37
190
340
210
480

14
4.5
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63

90

67
2.7
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95
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3.1
1.3

14
23

95

49
1.9

13
80

130
63

170
1.3
0.6
7.8

15

10,000

1000

Q
z 
o

u
OH

w
UH

U
3
o
z
a 
o

u
oo

5

100

10

0.1

UN

"*

R
1!

v.

;r
ic
16

\
V

:E
1UJ
7-1

\
\

13
,A 
>7

\^

\̂

TE
2)

\

\D X

f\
\\

\

s-V
V \*

x_
V\

V-^

X

s
\\

sn

\
\

\

E

\

\

\

U

\
V-\

\

V
v
\

*

c 
IE(
(IS

Vs
X

ft

ITE
;UL
72-1

v\\ 1\

^

43 
i.TI
979

S
\

^

V--A

D 
)

\

V
\

*

s

\

x

^

'v*^^j

\

r^-^~_

0.01 0.1 125 10 20 50 70 9095 9899.599.999.99

PERCENT OF TIME INDICATED DISCHARGE 
WAS EQUALED OR EXCEEDED

Figure 6.3.4-2 Streamflow duration curves for selected sites.
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6.3.5 Mean Flow

Mean Flow in the Area is a Function of Basin and Climate 
Characteristics and Streamflow Regulation

Stream flow distribution varies seasonally in response to precipitation
and evapotranspiration. Mean-monthly stream flow is generally greatest

in March and lowest in September or October. Regulation affects
streamflow in major streams throughout the area.

Flow in unregulated streams varies with changes 
in precipitation and evapotranspiration. The hydro- 
graph, illustrating seasonal streamflow variation for 
the Guyandotte River at Logan (site 27). during the 
period from October 1, 1973 to September 30, 1974 
(prior to regulation), is typical of an unregulated 
river (fig. 6.3.5-1). The lowest monthly flow, 189 
ft3/s (cubic feet per second), for the period was in 
October.

Mean-monthly and mean-annual streamflow 
also varies in response to seasonal and annual 
precipitation and evapotranspiration variations.

The greatest mean-monthly flows usually occur 
during March because of snowmelt, increased 
precipitation, and relatively low evapotranspiration. 
Streamflow during spring and early summer is usual 
ly high because of increased thunderstorm activity. 
Streamflow decreases during late summer and early

fall because of increased evapotranspiration losses 
and reduced precipitation. During November- 
December, streamflow usually increases because 
evapotranspiration decreases and precipitation in 
creases.

Mean-monthly and mean-annual streamflows 
for selected streams (fig. 6.3.5-2) are given in table 
6.3.5-1. As shown in table 6.3.5-1, the Guyandotte 
River and Twelvepole Creek are regulated streams. 
Streamflow regulation usually results in increased 
mean-monthly discharges during dry periods. For 
example, the lowest mean-monthly discharge at 
Twelvepole Creek below Wayne (site 43) for the 
unregulated period was 29.4 ft3/s and 136 ft3/s for 
the regulated period. Mean-monthly flows of 
regulated streams are generally less variable than 
those of unregulated streams and do not reflect 
natural streamflow conditions.
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100,000

Figure 6.3.5-1 Hydrograph for the Guyandotte River at Logan (site 27) and precipitation
at Logan for the 1974 water year.

Table 6.3.5-1 Mean-monthly and mean annual streamflow for selected sites.

NUMBHR STATION NAME

9 Guyandotte River 
near Baileysville

8 Indian Creek at Fanrock 

14 Clear Fork at Clear Fork

27 Guyandotte River at Logan 
(unregulated period) 
(regulated period)

32 Guyandotte River at Branchland 
(unregulated period) 
(regulated period)

37 Mud River near Milton

41 East Fork Twelvepole Creek 
near Ounlow

43 Twelvepole Creek below Wayne 
(unregulated period)

(regulated period)

YEARS 
OF 

RECORD

13

7

7

15
7

and 
47

7

43

17

ne 
32

9

PERIOD 
OF 

RECORD

1968-80

1974-80

1974-80

1960-74 
1974-80

1928-74 
1974-80

1938-80

1964-80

1927-31 
1946-72 
1972-80

JAN

758

106

411

1,815 
2,369

2,567 
3,712

476

94.1

463 
841

FEB

801

89.2

370

1,892 
2,059

3,227 
3,154

580

91.4

707 
571

MAR

824

133

438

2,535 
2,796

4,024 
4,077

694

116

730 
874

APR

818

122

314

1,797 
2,306

2,732 
3,249

505

104

655 
675

JUNE JULY AUG SEPT OCT

603 324

69.8 31.5

215 146

1,364
1,500

1,806
2,250

319

663
978

900
1,370

142

215

25.9

78

411
774

211

22.7

93.2

399
725

689
1,077

117

67.8

628
476

118
242

201
146

526
1,074

74.6

17.4

115
177

111

9.2

54.9

302
354

286
529

190 281

35.2 47.3

115 147

MEAN 
DEC ANNUAL

490 466

57.4 62.1

272 221

319
714

279
977

706 1,480 1,140
956 1,422 1,410

643
1,393

1,641
2,483

60.3 43.4 144 358

11.5 14.6 27.7 82.3

29.4 724
136 144

128
403

406
791

1,610
2,110

289

55.9

354
456
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Figure 6.3.5-2 Location of selected stations for mean flow determination.
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6.4.1 Methods of Analysis

Water-Quality Investigations are Supported by Laboratory 
Analytical Services and Quality-Control Program

The U.S. Geological Survey uses field and laboratory analysis to determine
water quality. Quality control is maintained by following set standards
of techniques and procedures in the laboratories and in the field. Data

are stored on computer discs for retrieval through WA TSTORE and STORET files.

Water quality is assessed by the U.S. Geological 
Survey using a variety of instrumentation and tech 
niques. Parameters subject to rapid change after 
collection are measured on site by electrometric or 
physical methods as shown in table 6.4.1-1. Parame 
ters determined on site include pH, specific conduc 
tance, water temperature, dissolved-oxygen concen 
tration, alkalinity, acidity, and biological parameters 
such as fecal coliform and fecal streptococci density. 
Chemical methods are described in Skougstad and 
others (1978). Biological methods are described in 
Greeson and others (1977).

Quality control of field and laboratory analytical 
techniques is maintained by a series of reference 
samples, analysis of replicate samples, and by review 
of analytical results. The quality-assurance program 
is maintained by a section of the laboratory in 
Denver and by individual district offices responsible 
for sample collection and field determinations.

Table 6.4.1-1 is a partial listing of water-quality 
parameters determined at sites shown in figures 6.1-1

and 6.2-1 during 1979 and 1980. Not all parameters 
were determined at all sites.

Chemical determinations were performed for 
dissolved as well as for total (dissolved plus 
suspended) concentrations of constituents in water. 
The term "dissolved" refers to material that passes 
through a 0.45 pim (micrometer) pore-size membrane 
filter. It is recognized that some water samples may 
contain colloidal material that will pass through a 
0.45 /im filter. "Total" (dissolved plus suspended) 
concentration of a constituent refers to the summa 
tion of the concentrations of dissolved and particu- 
late components. "Suspended" refers to that materi 
al which is retained by a 0.45 /im pore filter.

Laboratory and field analyzed water-quality data 
are stored in WATSTORE and STORET computer 
files and can be retrieved through terminals having 
access to these files (see sections 7.1, 7.2, and 7.3 for 
further information).
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Table 6.4.1-1 Field measurements and laboratory analyses used to describe water-quality conditions.

FIELD MEASUREMENTS

specific conductance
PH
water temperature
dissolved oxygen
alkalinity
acidity

LABORATORY ANALYSES

Major ions (dissolved) 
calcium 
magnesium 
sodium 
bicarbonate 
carbonate 
sulfate 
chloride 
silica

Minor ions (dissolved) 
barium 
beryllium 
cadmium 
cobalt 
copper 
iron 
lead 
lithium 
manganese 
molybdenum 
strontium
vanadium 
zinc

Minor elements in water (total) 
iron 
manganese

Minor elements in bottom 
material (total)

arsenic
cadmium
chromium
cobalt
copper
iron
lead
manganese
mercury
selenium
zinc

Organic constituents 
total organic carbon 
coal in bottom materiaj

Physical properties of water 
dissolved residue on

evaporation at 180°C 
suspended sediment 
turbidity

METHOD

electrometric
do

thermometric or electrometric 
electrometric, polarographic probe 
electrometric titration

do

atomic absorption spectrometric
do
do

normally calculated from field alkalinity 
normally calculated from field alkalinity 
automated colorimetric

do 
ICAP (inductively coupled argon plasma)

ICAP
do
do
do
do

atomic absorption spectrometric 
ICAP

do
atomic absorption spectrometric 
ICAP

do
do 
do

atomic absorption spectrometric 
do

atomic absorption spectrometric 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do

carbon organic wet oxidation 
gravimetric

gravimetric 
gravimetric 
nephelometric

NCE WATSTORE
REFERENCE CODE

Skougstad and others, 1979 00095
do 00400
do 00010
do 00300
do 00410
do 71825

Skougstad and others, 1979 00915
do 00925
do 00930
do 00440
do 00445
do 00945
do 00940

Garbarino and Taylor, 1979 00955

Garbarino and Taylor, 1979 01005
do 01010
do 01025
do 01035
do 01040

Skougstad and others, 1979 01046
Garbarino and Taylor, 1979 01049

do ' 01130
Skougstad and others, 1979 01056
Garbarino and Taylor, 1979 01060

do 01080
do 01085
do 01090

Skougstad and others, 1979 01045 
do 01055

Skougstad and others, 1979 01003
do 01028
do 01029
do 01038
do 01043
do 01170
do 01052
do 01053
do 71921
do 01148
do 01093

Fredericks, 1968 00680 
Skougstad and others, 1979 82301

Skougstad and others, 1979 70300
Guy, 1969 80154
Skougstad and others, 1979 00076

6.0 SURFACE WATER-Continued
6.4 Quality of Surf ace Water 

6.4.1 Methods of Analysis



6.0 SURFACE WATER-Continued
6.4 Quality of Surface Water-Continued 

6.4.2 Specific Conductance

Specific Conductance of Surface Water Greater in the 
Upper Guyandotte River Basin

The mean specific conductance of surface water at synoptic sites was
254 micromhos per centimeter at 25°C. The most important activity
influencing specific conductance is underground coal mining in the

upper Guyandotte River basin.

Specific conductance is an expression of the 
measured ability of water to carry an electrical cur 
rent, and is reported in pimhos/cm (micromhos per 
centimeter) at 25°C. Specific conductance is propor 
tional to the quantity of ionized minerals and is used 
as a general indicator of water quality.

Rainfall in the basin generally has a specific 
conductance of less than 20 /xmhos/cm. Salt water 
and brines commonly have values ranging from 
50,000 to 250,000 /^mhos/cm. Many environmental 
conditions influence specific conductance. In undis 
turbed areas, the solution of surface rocks is a major 
influence on specific conductance in surface water. 
Streams draining rocks such as sandstone typically 
have very low specific conductance, whereas drain 
age from more soluble rocks such as limestone and 
dolomite usually has higher specific conductance. 
Municipal and industrial wastewater discharges fre 
quently have a high specific conductance. Drainage 
from underground mines, coal preparation plants, 
and mine spoil piles is the largest source of high 
specific conductance water in Area 12. Duration and 
intensity of precipitation also influence the specific 
conductance of surface water. In general, the specif 
ic conductance of surface water was lowest during 
periods of high flow and highest during periods of 
low flow. Streamflow during the synoptic sampling 
periods in 1979 and 1980 was generally low to moder 
ate.

Specific conductance of streams in Area 12 
ranged from 40 to 1,500 ^mhos/cm and had a mean 
of 254 /imhos/cm. Mean values and ranges of specif 
ic conductance in streams draining Area 12 are 
shown in figures 6.4.2-1 and 6.4.2-2. The mean 
specific conductance of streams in the upper Guyan 
dotte River basin (335 /xmhos/cm) differed signifi

cantly from the streams in the lower Guyandotte 
River basin (165 ^imhos/cm) and from streams in 
Twelvepole Creek basin (105 jimhos/cm). Essential 
ly all active coal mines (99 percent) are located in the 
upper Guyandotte River basin.

Previous studies indicated that underground coal 
mining has a significant effect on specific conduc 
tance of surface water in the Guyandotte River basin. 
Chisholm (Bader and others, 1980) reported that 
streams draining subsurface mining areas in the basin 
had specific conductance values two to five times 
greater than those draining other areas.

Drainage from active underground mines affects 
the specific conductance of surface water in small, 
intensely mined basins during periods of low stream- 
flow. James W. Borchers (written communication, 
1981) found that drainage from 22 active under 
ground coal mines in the upper Guyandotte River 
basin had a mean specific conductance of 735 
/mihos/cm, again two to five times greater than the 
specific conductance of water in streams draining
unmined basins. The quantity of drainage from 
active mines can be substantial. For example, in two 
small basins (<10 mi2) in the upper Guyandotte 
River basin active mines contributed 14 to 34 percent 
of their basin's total streamflow during a period of 
low flow (James W. Borchers, written communica 
tions, 1981).

Past and present surface mining in Area 12 totals 
less than 7 percent of the land area. The effect of 
surface-mine drainage on specific conductance of 
receiving streams probably is considerably less when 
compared to that from underground mines.

48



SCALE 1:750,000 

10 20

PUTN AM
10 20 30 KILOMETERS

30 MILES

M i NGO

EXPLANATION
Mean specific conductance, 

in micromhos per centimeter at 25° Celsius

A Less than 75 

A 75-125 

A 126-299 

A 300-499 

A Greater than 500 

387A>6 Site and number 

  Mean specific conductance

See section 8.0 for detailed site description

RALEIGH

M I NGO

BASE FROM U. S. GEOLOGICAL SURVEY 
STATE BASE MAP, t966

1000

EXPLANATION 

Maximum value

Mean value 

|- Mean of all Area 12 sites

Minimum value 
27 Site number

Figure 6.4.2-1 Mean specific conductance at surface-water sites. Figure 6.4.2-2 Range of specific conductance at selected surface-water sites.
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6.4.3 pH

The pH of Most Surface Waters in Area 12 is Alkaline

The pH of surface water at synoptic sites ranged from 5.7 to 8.9 and had
a median value of 7.2. The pH of surface water is determined largely by

the hydrolysis and solution of carbonate and pyrite.

"pH" is a measure of the hydrogen ion (H + ) 
activity in water. The hydrogen ion activity is ex 
pressed in logarithmic units and pH is the negative 
logarithm to the base of 10 of the hydrogen ion 
activity in moles per liter. Thus a solution with [H + ] 
of 1 x 10~7M has a pH of 7. The pH solution can have 
any value from 0 to 14 with values less than 7.0 being 
acidic and values over 7.0 being alkaline. A value of 
7.0 indicates neutral pH. Most natural waters have 
pH values ranging from 6.0 to 8.5 (Hem, 1970). 
Neutral water (pH 7.0) is uncommon because the 
solution of minerals and gases in water affects the 
pH. Atmospheric carbon dioxide (CO2) plus other 
natural and man-made materials dissolved in precipi 
tation results in rainfall with a pH from 4.0 to 5.6 
and thus is acidic. The dissolution of limestone 
(CaCO3) iii water raises the pH towards alkaline 
levels (pH> 7.0).

The pH of surface-water samples at synoptic 
sites ranged from 5.7 to 8.9 and had a median of 7.2. 
The samples were collected during low to medium 
flow in 1979 and 1980. Median pH values for each 
synoptic site are shown in figure 6.4.3-1 and the 
range of pH values at selected stations is shown in 
figure 6.4.3-2. Streams in the upper Guyandotte 
River basin were generally the most alkaline with a 
median pH of 7.5 at synoptic sites. This may be due 
in part to alkaline drainage from coal mines in the 
upper Guyandotte River basin. Streams in the lower 
Guyandotte River basin and Twelvepole Creek basin 
generally had lower pH values (median pH values 
were 6.9 and 6.8 respectively).

Chisholm (Bader and others, 1980) reported a 
median pH value of 7.8 for streams in the Guyan 
dotte River basin for the period 1975 to 1976. Most 
streams in the upper Guyandotte River basin had pH 
values of 6.6 or greater. Some streams having a low 
pH in 1975 (sites 10 and 26) still had among the 
lowest median pH values in 1979 and 1980.

The major chemical reactions affecting pH in

streams draining the area are the solution and hydrol 
ysis of carbonates and the oxidation of sulfur miner 
als, mainly pyrite. Acidic rain may affect surface- 
water pH also, but these effects are largely unknown 
at this time.

The solution and hydrolysis of carbonates cause 
the pH of surface water to increase. The reaction 
which occurs is generalized for limestone but would 
also occur for other forms of carbonate:

CaCO OH'

and

HCO

Carbonate minerals occurring in Area 12 include 
limestone (CaCO3) and siderite (FeCCO. Other car 
bonate minerals occur less frequently. Few limestone 
beds are found in Area 12. Most of the limestone 
beds found are in the Kanawha Formation of the 
Pottsville Group. Hennen and Gawthrop (1915) list 
limestone beds totaling 12 feet in thickness in an 
1,830-foot thick section of the Kanawha Group 
(Kanawha Formation, modern designation according 
to Cardwell and others, 1968) in Wyoming County. 
Most limestone occurs as thin lenses between beds of 
sandstone, shale, and coal. Iron carbonate (siderite) 
occurs in shale and sandstone strata throughout 
Logan and Wyoming Counties.

Underground-mining techniques affect the pH of 
surface water. Mining regulations require that 
underground-mine surfaces be coated with powdered 
limestone to reduce the potential for coal dust explo 
sions. Water dissolves part of this limestone, thus 
drainage from active mines often is alkaline.

The oxidation of sulfides causes the pH of affect 
ed streams to become acidic. The most common 
sulfide in the area is pyrite, FeS2 . It commonly
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Figure 6.4.3-1 Median pH at surface-water sites.

occurs with coal, shale, and sandstone. Pyritic min 
erals in mine refuse piles and in active and aban 
doned coal mines are oxidized when exposed to 
oxygen, moisture, and autotrophic bacteria 
(Thiobacillus). The reaction rate occurs as follows:

FeS2 + 7/2 O2
bacteria 
O  Fe + 2H 2SO4'2

The distribution of sulfides in the rocks underly 
ing Area 12 is unknown, but the occurrence of

sulfides in coal is well documented (Barlow, 1974). 
In general, the sulfur content is lower in coals of the 
older rocks such as the Pocahontas Formation and 
greater in the younger rocks such as the Allegheny 
Formation and Conemaugh and Monongahela 
Groups which overlie the Pocahontas Formation. 
The younger rocks are exposed in northern portions 
of Area 12. Water draining from these rocks may 
result in some reduction in the pH of surface water in 
the lower Guyandotte River and Twelvepole Creek 
basins.

Figure 6.4.3-2 Range of pH at selected surface-water sites.
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6.4.4 Alkalinity

Highest Alkalinity Values Occur in Upper Guyandotte River Basin

The mean alkalinity of surface water at synoptic sites in Area 12 was
43 milligrams per liter. The carbonate content of rock strata underlying
the area and underground coal mining affect surface water alkalinity.

Alkalinity is the ability of water to resist pH 
change brought about by addition of strong acid and 
is a measure of the buffering capacity of water. 
Alkalinity is due to the presence of carbonate, bicar 
bonate, and hydroxyl ions in water. Surface water in 
the area varies widely in its alkalinity content. Rain 
fall has almost no buffering capacity, alkalinity 
typically less than 1 mg/L (milligram per liter), while 
surface water draining undisturbed regions in Area 
12 generally has alkalinity values ranging from 10 to 
30 mg/L. Ground water in the area generally has the 
highest alkalinities because of high bicarbonate and 
carbonate content and can have alkalinity values 
exceeding 300 mg/L.

The alkalinity in surface water at synoptic sites 
ranged from 4 to 246 mg/L and had a mean value of 
43 mg/L. The mean alkalinity value at each site is 
shown in figure 6.4.4-1 and the range of alkalinity at 
selected sites is shown in figure 6.4.4-2. Streams in 
the upper Guyandotte River basin had the highest 
mean alkalinity, 55 mg/L, and streams in Twelvepole 
Creek basin had the lowest, 23 mg/L. The range of 
alkalinity in streams draining the upper Guyandotte 
River basin was much greater than the range of 
alkalinity in streams draining the lower Guyandotte 
River and Twelvepole Creek basins.

The major factors influencing the alkalinity of 
surface water in the area are the carbonate content of 
the rocks and the influence of underground coal 
mining. Carbonate minerals found in Area 12 in 
clude limestone (CaCO3) and siderite (FeCO3). 
Limestone is uncommon in the area but there are

some beds in the Kanawha Formation. Hennen and 
Gawthrop (1915) list limestone beds totaling 12 feet 
in thickness in an 1,830-foot thick section of the 
Kanawha Group (Kanawha Formation, modern 
designation according to Card well and others, 1968) 
in Wyoming County. Most limestone occurs as thin 
lenses between beds of sandstone, shale, and coal. 
Iron carbonate also occurs in shale and sandstone in 
the Kanawha Formation. Iron hydroxides are anoth 
er possible source of alkalinity but are less soluble 
than carbonates.

Drainage from underground mines affects the 
alkalinity of surface water in the upper Guyandotte 
River basin. Mining regulations require that under 
ground mine surfaces be coated with powdered lime 
stone to reduce the potential for coal dust explosions. 
The solution of the limestone" powder can make 
drainage or pumpage from active underground mines 
highly alkaline. For example, the mean alkalinity of 
drainage from 22 active underground mines in the 
upper Guyandotte River basin was 182 mg/L, about 
3 times the mean alkalinity of streams unaffected by 
mining (James W. Borchers, written communication, 
1981). The quantity of water contributed to streams 
throughout Area 12 by underground mines is varia 
ble but substantial. In two small (less than 10 square 
miles) basins in the upper Guyandotte River basin, 
active mines contributed 14 to 34 percent of their 
basin's total streamflow during a period of low flow 
(James W. Borchers, written communications, 
1981).
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6.4.5 Sulfate

Highest Sulfate Concentrations Occur in the Upper 
Guyandotte River Basin

The mean concentration ofsulfate in surface water at synoptic sites was
79 milligrams per liter. Streams in the upper Guyandotte River basin
had the highest mean sulfate concentration, 109 milligrams per liter.

The oxidation ofpyritic minerals in mine spoils is a major source
ofsulfate.

The concentration of sulfate in surface water at 
synoptic sites throughout Area 12 ranged from 6.6 to 
400 mg/L (milligrams per liter) and had a mean value 
of 79 mg/L. Streams in the upper Guyandotte River 
basin had the highest mean sulfate concentration 
(109 mg/L), whereas streams draining the lower 
Guyandotte River basin had a much lower mean 
sulfate concentration (45 mg/L). Streams draining 
the Twelvepole Creek basin had the lowest mean 
sulfate concentration (19 mg/L). The range of sul 
fate concentration was greatest (9.3 to 400 mg/L) in 
the upper Guyandotte River basin where most coal 
mining occurs. The mean concentration of sulfate at 
each site is shown in figure 6.4.5-1. The range of 
sulfate concentrations at selected sites is given in 
figure 6.4.5-2. Streamflow conditions during 1979 
and 1980 sampling periods were generally in the low 
to moderate flow range.

A major source of sulfate is the oxidation of 
sulfides, mainly pyrite (FeS,), contained in coal, 
shale, and sandstone throughout the area. Pyritic 
minerals in mine-refuse piles and in active and aban 
doned coal mines are oxidized when exposed to 
oxygen, moisture, and autotrophic bacteria 
(Thiobacillus). Sulfate concentrations in leachate 
from mine spoil have been reported to range from 58 
to 4,220 mg/L (Lindorff, 1980). The reaction rate 
occurs as follows:

bacteria
FeS H20 -I- 2H 2SO4'2

Drainage from underground coal mines and 
abandoned surface-mined areas has a significant 
effect on the sulfate concentration in surface water in 
Area 12. The majority of coal mines and mine-waste 
piles are located in the upper Guyandotte River 
basin. Statistical analysis indicates that sulfate con

centrations are significantly higher (at the one per 
cent level of significance) in streams draining the 
upper Guyandotte River basin than those in streams 
draining the lower Guyandotte River -Twelvepole 
Creek basins. Similarly, data from a study of small 
basins in the upper Guyandotte River basin indicated 
that sulfate concentrations of streams draining heavi 
ly mined areas were 8 to 12 times higher than those of 
streams draining predominantly unmined basins 
(James W. Borchers, written communications, 1981).

The amount of water contributed to streams 
from mined areas is variable but substantial. In two 
small basins (less than 10 square miles) in the upper 
Guyandotte River basin, active mines contributed 14 
to 34 percent of their basin's total streamflow during 
a period of low flow (Borchers, written communica 
tion, 1981). For this reason, drainage from coal 
mines increases the sulfate concentration in surface 
water in the upper Guyandotte River basin.

The occurrence of pyrite in the rocks of Area 12 
has not been documented, but the occurrence of 
pyrite in coal is well known (Barlow, 1974). The 
sulfur content is lowest in older rocks such as the 
Pocahontas Formation, ranging from 0.5 to 1.5 
percent sulfur. Coals in younger rocks such as the 
Allegheny Formation and Conemaugh and Monon- 
gahela Groups which overlie the Pocahontas Forma 
tion have a higher sulfur content. The coal beds have 
a progressively higher sulfur content towards the 
north (fig. 6.4.5-3).

Another source of sulfate is precipitation. The 
average concentration of sulfate in rainfall in Area 12 
is 6.8 mg/L (P. E. Zurbuch, personal communica 
tion, 1981). This suggests that precipitation supplies 
a small, but measurable amount of sulfate to surface 
water in the area.

54



SCALE 1:750,000 

10 20

PUTN AM

38'

EXPLANATION
Mean sulfate concentration, 

in milligrams per liter

A Less than 15 

A 15-40 

A 41-75 

A 76-200 

A Greater than 200 

70AS Site and number

30 KILOMETERS

M 1 NGO

Mean sulfate concentration

See section 8.0 for detailed site description

RALE IG H

M I N GO

BASE FROM U. 5. GEOLOGICAL SURVEY 
STATE BASE MAP, 1966

1000

W
H
I-H 

H-l

oi 
a
OH
GO

O

ri 100
^78.7

o
H

OH 

2

O 

O
o 
w 
H 10

P.

O 
on

3

32

Mud River'

Twelvepole 
Creek

37

EXPLANATION 

Maximum value

I 
Mean value 

-Mean of all Area 12 sites

Minimum value 
27 Site number

Figure 6.4.5-1 Mean sulfate concentrations at surface-water sites. Figure 6.4.5-2 Range of sulfate concentrations at selected surface-water sites.

6.0 SURFACE WATER-Continued
6.4 Quality of Surface Water-Continued 

6.4.5 Sulfate



6.0 SURFACE WATER-Continued
6.4 Quality of Surface Water-Continued 

6.4.6 Iron

Iron Concentrations in Streams Draining the Guyandotte River 
Basin and the Twelvepole Creek Basin are Similar

The mean concentration of total iron in surface water 
at synoptic sites was 1,300 micrograms per liter. 
The mean concentrations of total iron in streams

draining the Guyandotte River basin and Twelvepole 
Creek basin were similar.

Iron is common in streams throughout Area 12. 
High iron concentrations add a disagreeable taste to 
the water and can clog pipes and stain fixtures. High 
iron concentrations also affect fish and other aquatic 
life. In-stream water-quality standards (West Vir 
ginia State Water Resources Board, 1980) set a 
maximum of 1,000 /*g/L (micrograms per liter) total 
iron (sum of dissolved and suspended 
concentrations) for most streams in the area, but 
only 500 /ig/L for trout streams. These limits are 
presently exceeded in many streams throughout the 
area.

The concentration of total iron in surface water 
at synoptic sites throughout Area 12 ranged from 90 
to 27,000 /xg/L and had a mean of 1,300/ig/L. Mean 
dissolved and total iron concentrations for each 
measuring site are shown in figures 6.4.6-1 and 
6.4.6-2. Mean concentrations of dissolved and total 
iron in streams in the upper Guyandotte River basin 
were 112 and 1,426 /*g/L, respectively; those for 
streams in the lower Guyandotte River basin were 
116 and 1,221 /ig/L, respectively. Mean dissolved 
and total iron concentrations for streams in Twel 
vepole Creek basin were 155 and 1,167 /ig/L, respec 
tively. Mean concentrations of dissolved as well as 
total iron for all sites in the upper and lower Guyan 
dotte River and Twelvepole Creek basins were simi 
lar. The range of concentrations was greatest in the 
upper Guyandotte River basin. Most of the iron (91 
percent) transported in streams during the 1979 and 
1980 measuring period was in the suspended phase. 
Streamflow conditions generally ranged from low to 
moderate.

In a previous study, Chisholm (Bader and others, 
1980) reported that in 1975 and 1976 most streams in 
the Guyandotte River basin contained mean dis 
solved iron concentrations of less than 150

This was still true in 1980, although two streams 
(sites 12 and 26) contained mean concentrations in 
excess of 500 /*g/L.

Iron is abundant in the Pottsville Group. It 
occurs mainly as pyrite (FeS2), siderite (FeCO3), 
oxide (Fe2O3), and hydroxide [Fe(OH)J in coal, 
sandstone and shale. Weathering of rock outcrops 
containing these minerals probably accounts for 
much of the iron in surface water. Iron, like most 
metals, becomes more soluble as the pH of water 
decreases.

Mining influences the concentration of iron in 
surface water in several ways; it creates large quanti 
ties of spoil material which are deposited on the land 
surface in large piles. Drainage from these spoil piles 
can contain iron concentrations in excess of 1,000 
mg/L (milligrams per liter) (1 x 106 ^g/L) (Krothe 
and others 1980). When the drainage from spoil 
areas enters a stream, the dissolved iron is oxidized 
from the ferrous (Fe + 2) to the much less soluble 
ferric (Fe ) state. The iron precipitates as a yellow 
ish-red deposit in the stream channel. In Area 12 the 
majority of the mine-refuse (spoil) piles are located in 
the upper Guyandotte River basin.

Drainage from active mines is another source of 
high iron concentrations. The mean concentration of 
dissolved iron from 22 active underground mines in 
the upper Guyandotte River basin was 1,400 /*g/L, or 
about 9 to 28 times the mean dissolved iron concen 
tration of streams draining undisturbed areas (James 
W. Borchers, written communication, 1981). The 
amount of water contributed to streams in Area 12 
from mines and mine refuse piles is variable but 
substantial. In two small (less than 10 square miles) 
basins in the upper Guyandotte River basin, active 
mines contributed 14 to 34 percent of their basin's
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6.4.7 Manganese

Manganese Concentrations Greatest in the Upper 
Guyandotte River Basin

The mean concentration of dissolved manganese in surface water at synoptic
sites was 166 micrograms per liter. The sources of manganese include the

natural weathering of rocks containing manganese and drainage from
mines and mine-refuse piles.

Manganese is a common trace element in surface 
and ground water throughout Area 12. Manganese is 
an essential element for plants and animals but is 
reportedly toxic at high concentrations. For exam 
ple, a mean concentration of 5,700 jug/L (micro- 
grams per liter) was found to be lethal to 50 percent 
of a study group of fresh-water crustaceans (Daphnia 
magna - water flea) in a 3-week test period (Biesinger 
and Christensen, 1972). The most important mech 
anism of toxic action is thought to be the poisoning 
of enzymes (Bowen, 1966). The West Virginia in- 
stream water-quality standards for all surface water 
in the area limit manganese concentration to 1,000 
Aig/L (West Virginia State Water Resources Board, 
1980).

The mean concentration of dissolved manganese 
in surface water at synoptic sites throughout the area 
was 166 /-ig/L.

Streams in the upper Guyandotte River basin 
contained the greatest mean dissolved manganese 
concentration, an average of 207 /-ig/L from 27 sites. 
The range of dissolved manganese concentrations 
was also greatest in the upper Guyandotte River 
basin (10 to 2,100 /*g/L). Streams draining Twel- 
vepole Creek basin contained the lowest mean dis 
solved manganese concentration, an average of 106 
/ug/L at 9 sites. Mean dissolved manganese concen 
tration at each site is shown in figure 6.4.7-1. Most 
of the manganese (77 percent) was transported in the

dissolved phase during the streamflow conditions 
encountered (low to medium flow) at the time of 
sampling in 1979 and 1980.

Manganese occurs in the rocks as oxide (MnO2) 
and hydroxide [Mn(OH)2] forms, and as rhodochro- 
site (MnCCX). Manganese enters surface water by 
the weathering of these minerals, but also is often 
present in high concentrations in drainage from mine 
areas. Anderson and Youngstrom (1976) reported 
that the mean concentration of manganese in coal- 
pile drainage can be as high as 17,000 /xg/L. James 
W. Borchers (written communication, 1981) found 
that the mean concentration of dissolved manganese 
in drainage from 22 active underground mines in the 
upper Guyandotte River basin was 1,300 /xg/L, or 
about 3 to 10 times the dissolved manganese concen 
tration of streams draining undisturbed areas. The 
amount of water contributed to streams throughout 
the area from these sources is variable but substan 
tial. In two small (less than 10 square miles) basins in 
the upper Guyandotte River basin, active mines 
contributed 14 to 34 percent of their basin's total 
streamflow during a period of low flow (James W. 
Borchers, written communication, 1981). For this 
reason, drainage from underground coal mines may 
substantially increase the concentration of man 
ganese in surface water in the upper Guyandotte 
River basin.
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6.4.8 Sediment

Sediment Yields Range from 23 to 452 Tons Per 
Square Mile Per Year

Sediment yields from selected streams in Area 12 are relatively low and
range from 23 to 452 tons per square mile per year. The majority of

sediment loads are transported during high-flow periods.

Average annual sediment yields of selected 
streams draining Area 12 are relatively low and range 
from 23 to 452 (tons/mi2)/yr (tons per square mile 
per year). Most of the area is characterized by hilly 
terrain with moderate to steep slopes and easily 
erodible soils. These characteristics produce rapid 
runoff with high erosion potential. Most of the area, 
however, has dense forest cover that aids in the 
protection of the soil from erosion.

Land-use activities such as forest clearing, culti 
vation, road construction, and surface mining drasti 
cally alter natural sediment yields. Eckhardt (1976) 
reported that sediment yields from highway construc 
tion can be as high as 66,000 (tons/mi2)/yr. During 
surface mining, large volumes of exposed uncon- 
solidated materials generally are a major source of 
sediment. Although sediment yields associated with 
surface mining can be high, they can be reduced by 
effective reclamation.

Suspended-sediment concentration ranges, es 
timated average-annual sediment yields, period of 
record, and drainage areas for sites shown in figure 
6.4.8-1 are given in table 6.4.8-1. Other data for 
these sites are given in section 8.0. The sites are 
located in an area of similar climate and topography 
and are primarily underlain by the Pottsville, Cone- 
maugh, and Monongahela Groups. Most of the 
suspended-sediment loads were transported during

high-flow periods. During the 1979 water year, the 
amount of suspended sediment transported during 
the ten days of highest flow at sites 51, 49, 50, 47, 9, 
and 48 averaged 76 percent and ranged from 60 to 85 
percent of the annual sediment load.

Suspended-sediment yield curves for selected 
streams (sites 49 and 51) are shown in figure 6.4.8-2. 
Site 49 drains a relatively undisturbed basin, whereas 
site 51 drains a basin with considerable surface- 
mined area (20 percent). The difference in land use 
between the basins is reflected by the relative posi 
tions of their sediment-yield curves (fig. 6.4.8-2).

Particle-size distribution of suspended sediment 
transported during high flows at sites 51, 50, 47, 9, 
and 37 was predominantly in the clay and silt range, 
finer than 0.062 mm (millimeters). The particle-size 
distribution for all sites averaged 80 percent clay and 
silt and 20 percent sand, 0.062-2.0 mm; clay and silt 
size fractions of the distributions ranged from 55 to 
96 percent, whereas sand ranged from 4 to 45 per 
cent.

Bedload, the sediment transported along and 
immediately adjacent to the streambed, is un 
measured and not included in reported sediment 
yields.
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Figure 6.4.8-1 Suspended sediment sampling sites.

Table 6.4.8-1 Summary of suspended-sediment data for selected sites.

NUMBER STATION NAME

6 . Pinnacle Creek near Pineville
8 Indian Creek at Fanrock
9 Guyandotte River near Baileysville

14 Clear Fork at Clear Fork
27 Guyandotte River at Logan
32 Guyandotte River at Branchland
37 Mud River near Milton
47 Bearhole Fork at Pineville
48 Milam Fork at McGraws
49 Marsh Fork at Maben
90 Still Run at Itmann
51 Alien Creek at Alien Junction
52 Mud River at Barboursville
53 Mud River at Palermo
54 Buffalo Creek at Man
55 Island Creek at Logan

*Period for which these computations were made.

SUSPENDED-

DRAINAGE 
AREA (Ml 2 )

56.9
40.7

308
124
836

1226
256

6.27
6.64
4.85
7.12
8.4"3

360
51.1
45.6

103
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1975-76
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1977-79
1977-79
1977-79
1977-79
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1975-76
1975-76

0 -
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1 -
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stream discharge in mined and unmined areas.

6.0 SURFACE WATER-Continued
6.4 Quality of Surface Water-Continued 

6.4.8 Sediment



6.0 SURFACE WATER-Continued
6.4 Quality of Surf ace Water-Continued

6.4.9 Suspended Sediment - Iron Relationship

Iron Transported Primarily by Suspended Sediment

Suspended sediment is the major transport mechanism for iron in surface
water throughout Area 12. Most of the iron is transported during

high flows, which occur during several days each year.

Suspended sediment is the major transport mech 
anism for iron in Area 12 because of the low solubili 
ty of iron in surface water. Chemical analyses of 
water samples collected indicate the predominance of 
iron in the paniculate phase. Typically less than 10 
percent of the total quantity of iron is present in the 
dissolved phase in most surface waters. The remain 
ing fraction of iron is transported sorbed to suspend 
ed sand, silt, clay, and organic material.

The transport of iron is largely a function of the 
surface area of the sediment particles in suspension. 
The surface area rjer unit weight of sediment in 
creases as the particle size decreases. The inverse 
relation means that the finer size fractions of sedi 
ment (silt and clay fractions) can potentially tran 
sport a greater quantity of sorbed iron per unit 
weight of sediment than can the coarser fractions of 
suspended sediment (Feltz, 1980). Rickert and others 
(1977) and Wilber and Hunter (1975) also reported 
that the concentration of metals in bottom material 
was strongly dependent on the particle-size distribu 
tion of the sample. In general, the quantity of metals 
on bottom-material samples increases as the sediment 
particle size decreases.

Using data for the sampling period of August 
18-22, 1980, a least-squares fit (regression analysis) 
of the suspended sediment and total iron concentra 
tion resulted in the relationship shown in figure 
6.4.9-1. The regression equation and the coefficient 
of determination (r2) are expressed as follows:

[Fe] = 99.45 [S]0' 78 
r2 = 0.91

Where: [Fe] is the concentration of total iron, in 
micrograms per liter 0-ig/L);

[S] is the concentration of suspended-sediment, 
in milligrams per liter (mg/L); and

r2 is the proportion of the total variation of [Fe] 
explained by the variable [S].

The relation shown in figure 6.4.9-1 may be used 
for estimating total iron loads leaving basins in Area 
12; however, it should not be used beyond the 
suspended-sediment concentration range shown in 
the graph. Although significant quantities of iron 
can be transported over long periods of time when 
suspended-sediment concentrations are very low, the 
majority of the total iron load is transported with 
suspended sediment during a few high-flow periods 
each year. This load is primarily precipitated and 
sorbed iron which has accumulated in bottom materi 
al over an extended period between high flows. Daily 
suspended-sediment loads in the Guyandotte River at 
Baileysville (site 9) indicate that the majority of the 
annual suspended-sediment load during 1979 (84,700 
of 137,363 tons or 62 percent of the annual load) was 
transported during 10 days of high streamflow rang 
ing from 2,130 to 7,170 ft3/s (cubic feet per second). 
A total of 57,300 tons (42 percent of the annual load) 
was transported during a 3-day period. During a 
284-day period of low streamflow ranging from 23 to 
1,090 ftVs, less than 1 percent of the total annual 
suspended-sediment load was transported. It is es 
timated that about 3,138 tons of iron was similarly 
transported in suspension at site 9 in 1979, most of it 
(1,749 tons) during a 10-day period.

Suspended sediment in the Guyandotte River 
(site 32) consists mostly of fine material. During_the 
period of 1977-1980, most suspended sediment (59 
percent) consisted of particles finer than 0.062 mm 
(millimeters) in diameter. During the year from 
October 1, 1976 to September 30, 1977, an estimated 
28,740 tons (79 tons per day) of total iron was 
transported past site 32. This estimate is based on the 
relation shown in figure 6.4.9-1 and mean-annual 
discharge and sediment concentration at site 32. The 
greatest quantity of iron (17,795 tons) was trans 
ported during the months of February, March, and 
April. About 22 percent of the annual total iron load 
was transported during a 3-day period.
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7.0 WATER-DATA SOURCES
7.1 Introduction

NAWDEX, WATSTORE, OWDC Have Water-Data Information

Water data are collected in coal areas by large number of organiza 
tions in response to a wide variety of missions and needs.

Within the U.S. Geological Survey there are 
three activities that help to identify and improve 
access to the vast amount of existing water data.

(1) The National Water Data Exchange 
(NAWDEX), which indexes the water data available 
from over 400 organizations and serves as a central 
focal point to help those in need of water data to 
determine what information already is available.

(2) The National Water Data Storage and Retrie 
val System (WATSTORE), which serves as the cen 
tral repository of water data collected by the 
U.S.Geological Survey and which contains large

volumes of data on the quantity and quality of both 
surface and ground waters.

(3) The Office of Water Data Coordination 
(OWDC), which coordinates Federal water-data ac 
quisition activities and maintains a "Catalog of In 
formation on Water Data." To assist in identifying 
available water-data activities in coal provinces of the 
United States special indexes to the Catalog are being 
printed and made available to the public.

A more detailed explanation of these three activi 
ties is given in sections 7.2, 7.3, and 7.4.
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7.0 WATER DATA SOURCES-Continued
7.2 National Water Data Exchange (NAWDEX)

NAWDEX Matches User Needs to Available Data

NAWDEX (National Water Data Exchange) is a national confederation of 
water-oriented organizations working together to improve access to 
water data. Objectives of NA WDEX are to assist users of water data

in the identification, location, and acquisition of needed data.
The U.S. Geological Survey manages NA WDEX through Survey headquarters

in Reston, Virginia, and local assistance centers in major cities.

The function of NAWDEX is to index the data 
held by NAWDEX members and participants so as to 
provide a central source of water-data information 
available from a number of organizations (fig. 
7.2-1). A central Program Office located at U.S. 
Geological Survey national headquarters in Reston, 
Virginia, provides data-exchange policy and guide 
lines for participants. The major functions of the 
Program Office are to: (1) maintain a computerized 
Master Water Data Index (fig. 7.2-2) which identifies 
sites for which data are available and the organiza 
tion responsible for the data; (2) provide access to 
water-data bases held by participants; and (3) main 
tain a Water-Data Sources Directory (fig.7.2-3) that 
identifies participating organizations and locations 
from which data may be obtained.

Services are available through the Program Of 
fice in U.S^ Geological Survey headquarters in Res- 
ton, Virginia, andjthrough a network of 53 centers 
located in 45 states and Puerto Rico. A directory is 
available upon request which lists organizations, 

.personal contacts, addresses, telephone numbers, 
and office hours for each NAWDEX assistance 
center [Directory of Assistance Center of National 
Water Data Exchange (NAWDEX), U.S. Geological 
Survey Open-File Report 79-423 (Revised)].

Charges for NAWDEX services may be assessed 
at the option of the organization providing the re 
quested data or data service. Charges will be assessed 
for computer and extensive personnel time, duplicat 
ing services, or other costs encountered by NAW 
DEX in the course of providing services. In any case,

charges will not exceed the actual direct costs in 
volved. Estimates of cost will be provided by all 
NAWDEX assistance centers upon request and in all 
cases when costs are expected to be substantial.

For additional information concerning the 
NAWDEX program or its services contact:

Program Office
National Water Data Exchange (NAWDEX) 

U.S. Geological Survey
421 National Center

12201 Sunrise Valley Drive
Reston, Virginia 22092

Telephone: (703) 860-6031 
FTS 928-6031

Hours: 7:45-4:15

or

NAWDEX ASSISTANCE CENTER - West Virginia
U.S. Geological Survey

Water Resources Division
Federal Building & U.S. Court House

500 Quarrier Street, Room 3416
Charleston, West Virginia 25301

Telephone (304) 343-6181, Ext. 310 
FTS 924-1310

Hours: 7:45-4:30
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MASTER WATER DATA INDEX

WATER-DATA SITE

IDENTIFIERS AND 
DESCRIPTORS

A PROGRAM TO PROVIDE ACCESS 
TO WATER DATA

USER SERVICES

Data Search Assistance 
Request-Referral Service 
Access to Major Water Data Bases 
Data Source Identification 
Nationwide Index of Water Data

LOCAL ASSISTANCE CENTERS

59 OFFICES IN 45 STATES AND
PUERTO RICO

Figure 7.2-2 Master water-data index.

Figure 7.2-1 Access to water data.
1
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1
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1
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OTHER 
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1 1
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Figure 7.2-3 Water-data sources directory.

7.0 WATER-DATA SOURCES-Continued
7.2 National Water Data Exchange-NAWDEX



7.0 WATER DATA SOURCES-Continued
7.3 WATSTORE

WATSTORE Automated Data System

The National Water Data Storage and Retrieval System (WATSTORE)
of the U.S. Geological Survey provides computerized procedures
and techniques for processing water data and provides effective

and efficien t managemen tofda ta-releasing activities.

The National Water Data Storage and Retrieval 
System (WATSTORE) was established in November 
1971 to computerize the U.S. Geological Survey's 
existing water-data system and to provide for more 
effective and efficient management of its data-releas 
ing activities. The system is operated and maintained 
on the central computer facilities of the Survey at its 
National Center in Reston, Virginia. Data may be 
obtained from WATSTORE through the Water Re 
sources Division's 46 district offices. General inqui 
ries about WATSTORE may be directed to:

Chief Hydrologist 
U.S. Geological Survey

437 National Center 
Reston, Virginia 22092

or

U.S. Geological Survey
Water Resources Division

Federal Building and U.S. Court House
500 Quarrier St., Room 3416 

Charleston, West Virginia 25301

The Geological Survey currently (1980) collects 
data at approximately 16,000 streamgaging stations; 
1,000 lakes and reservoirs; 5,200 surface-water qual 
ity stations; 1,020 sediment stations; 30,000 water- 
level observation wells; and 12,500 ground-water 
quality wells. Each year many water-data collection 
sites are added and others are discontinued; thus, 
large amounts of diversified data, both current and 
historical, are amassed by the Survey's data-collec 
tion activities.

The WATSTORE system consists of several files 
in which data are grouped and stored by common 
characteristics and data-collection frequencies. The 
system also is designed to allow for the inclusion of 
additional data files as needed. Currently, files are 
maintained for the storage of: (1) surface-water, 
quality-of-water, and ground-water data measured

on a daily or continuous basis; (2) annual peak values 
for streamflow stations; (3) chemical analyses for 
surface- and ground-water sites; (4) water parameters 
measured more frequently than daily; and (5) geolog 
ic and inventory data for ground-water sites. In 
addition, an index file of sites for which data are 
stored in the system is also maintained (fig. 7.3-1). A 
brief description of each file is as follows.

Station Header File: All sites for which data are 
stored in the Daily Values, Peak Flow, Water-Qual 
ity, and Unit Values files of WATSTORE are index 
ed in this file. It. contains information pertinent to 
the identification, location, and physical description 
of nearly 220,000 sites.

Daily Values File: All water-data parameters 
measured or observed either on a daily or on a 
continuous basis and numerically reduced to daily 
values are stored in this file. Instantaneous measure 
ments at fixed-time intervals, daily-mean values, and 
statistics such as daily maximum and minimum val 
ues also may be stored. This file currently contains 
over 200 million daily values including data on 
streamflow, river stages, reservoir contents, water 
temperatures, specific conductance, sediment con 
centrations, sediment discharges, and ground-water 
levels.

Peak Flow File: Annual maximum (peak) 
streamflow (discharge) and gage height (stage) values 
at surface-water sites comprise this file, which cur 
rently contains over 400,000 peak observations.

Water-Quality File: Results of over 1.4 million 
analyses of water samples that describe the chemical, 
physical, biological, and radiochemical characteris 
tics of both surface and ground waters are contained 
in this file. These analyses contain data for over 185 
different constituents.

Unit Values File: Water parameters measured at 
intervals more frequent than daily are stored in this
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file. Rainfall, stream discharge, and temperature 
data are examples of the types of data stored in the 
Unit Values File,

Ground-Water Site-Inventory File: This file is 
maintained within WATSTORE independent of the 
files discussed above, but it is cross-referenced to the 
Water-Quality File and the Daily Values File. It 
contains inventory data about wells, springs, and 
other sources of ground water. The data included are 
site location and identification, geohydrologic 
characteristics, well-construction history, and one- 
time field measurements such as water temperature. 
The file is designed to accommodate 255 data ele 
ments and currently contains data for nearly 700,000 
sites.

All data files of the WATSTORE system are 
maintained and managed on the central computer 
facilities of the Geological Survey at its National 
Center. However, data may be entered into or re 
trieved from WATSTORE at a number of locations 
that are part of a nationwide telecommunication 
network.

Remote Job Entry Sites: Almost all of the Water 
Resources Division's district offices are equipped 
with high-speed computer terminals for remote ac 
cess to the WATSTORE system. These terminals 
allow each site to put data into or retrieve data from 
the system, with turnaround times of from several 
minutes to overnight, depending upon the priority 
placed on the request. The number of remote job- 
entry sites is increased as the need arises.

Digital Transmission Sites: Digital recorders are 
used at many field locations to record values for 
parameters such as river stages, conductivity, water 
temperature, turbidity, wind direction, and chlo 
rides. Data are recorded on 16-channel paper tape, 
which is removed from a recorder and transmitted 
over telephone lines to a receiver in Reston, Va. The 
data are recorded on magnetic tape for use on the 
central computer. Extensive testing of satellite data 
collection platforms indicates their feasibility for 
collecting real-time hydrologic data on a national 
scale. Battery-operated radios are used as the com 
munication link to the satellite. About 200 data relay 
stations are being operated currently (1980).

Central Laboratory System: The Water Re 
sources Division's two water-quality laboratories, 
located in Denver, Colorado, and Atlanta, Georgia, 
analyze more than 150,000 water samples per year. 
These laboratories are equipped to automatically 
perform chemical analyses ranging from determina

tions of simple inorganic compounds, such as chlo 
rides, to complex organic compounds, such as pesti 
cides. As each analysis is completed, the results are 
verified by laboratory personnel and transmitted via 
a computer terminal to the central computer facilities 
to be stored in the Water-Quality File of WAT- 
STORE.

Water data are used in many ways by decision 
makers for the management, development, and 
monitoring of our water resources. In addition to its 
data processing, storage, and retrieval capabilities, 
WATSTORE can provide a variety of useful 
products ranging from simple data tables to complex 
statistical analyses. A minimal fee, plus the actual 
computer cost incurred in producing a desired 
product, is charged to the requester.

Computer-Printed Tables: Users most often re 
quest data from WATSTORE in the form of tables 
printed by the computer. These tables may contain 
lists of actual data or condensed indexes that indicate 
the availability of data stored in the files. A variety 
of formats is available to display the many types of 
data.

Computer-Printed Graphs: Computer-printed 
graphs for the rapid analysis or display of data are 
another capability of WATSTORE. Computer pro 
grams are available to produce bar graphs 
(histograms), line graphs, frequency-distribution 
curves, X-Y point plots, site-location map plots, and 
other similar items by means of line printers.

Statistical Analyses: WATSTORE interfaces 
with a proprietary statistical package (SAS) to pro 
vide extensive analyses of data such as regression 
analyses, analysis of variance, transformations, and 
correlations.

Digital Plotting: WATSTORE also makes use of 
software systems that prepare data for digital plot 
ting on peripheral offline plotters available at the 
central computer site. Plots that can be obtained 
include hydrographs, frequency-distribution curves, 
X-Y point plots, contour plots, and three-dimension 
al plots.

Data in Machine-Readable Form: Data stored in 
WATSTORE can be obtained in machine-readable 
form for use on other computers or for use as input 
to user-written computer programs. These data are 
available in the standard storage format of the WAT- 
STORE system or in the form of punched cards or 
card images on magnetic tape.

WATSTORE

Station Header File

Ground-Water 
Site-Inventory File

Water-Use File

Daily Values File Peak Flow File Water Quality File Unit Values File

Figure 7.3-1 Index file stored data.
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7.0 WATER-DATA SOURCES-Continued
7.4 Index to Water-Data Activities in Coal Provinces

Water Data Indexed for Coal Provinces

A special index, "Index to Water-Data Activities in Coal Provinces of the
United States," has been published by the U.S. Geological Survey's Office

of Water Data Coordination (OWDC).

The "Index to Water-Data Activities in Coal 
Provinces of the United States" was prepared to 
assist those involved in developing, managing, and 
regulating the Nation's coal resources by providing 
information on the availability of water-resources 
data in the major coal provinces of the United States. 
It is derived from the "Catalog of Information on 
Water Data," which is a computerized information 
file about water-data acquisition activities in the 
United States, and its territories and possessions, 
with some international activities included.

This special index consists of five volumes (fig. 
7.4.1): Volume I, Eastern Coal Province; Volume II, 
Interior Coal Province; Volume HI, Northern Great 
Plains and Rocky Mountain Coal Provinces; Volume 
IV, Gulf Coast Coal Province; and Volume V, Pacif 
ic Coast and Alaska Coal Provinces. The informa 
tion presented will aid the user in obtaining data for 
evaluating the effects of coal mining on water re 
sources and in developing plans for meeting addition 
al water-<iata needs. The report does not contain the 
actual data; rather, it provides information that will

enable the user to determine if needed data are 
available.

Each volume of this special index consists of four 
parts: Part A, Streamflow and Stage Stations; Part 
B, Quality of Surface-Water Stations; Part C, Qual 
ity of Ground-Water Stations; and Part D, Area! 
Investigations and Miscellaneous, Activities, infor 
mation given for each activity in Parts A-C includes: 
(1) the identification and location of the station, (2) 
the major types of data collected, (3) the frequency 
of data collection, (4) the form in which the data are 
stored, and (5) the agency or organization reporting 
the activity. Part D summarizes areal hydrologic 
investigations and water-data activities not included 
in the other parts of the index. The agencies that 
submitted the information, agency codes, and the 
number of activities reported by type are shown in 
table.

Those who need additional information from the 
Catalog file or who need assistance in obtaining 
water data should contact the National Water Data 
Exchange (NAWDEX) (see section 7.2).
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Northern Great Plains and 
Rocky Mountain Provinces 

(Volume III)

^ .

Figure 7.4-1 Index volumes and related provinces.

7.0 WATER-DATA SOURCES-Continued
7.4 Index to Water-Data Activities in Coal Provinces



S
ta

ti
on

 n
am

e,
 l

oc
at

io
n,

 d
ra

in
ag

e 
ar

ea
, 

an
d 

pe
ri

od
 o

f 
re

co
rd

 f
or

 s
ur

fa
ce

-w
at

er
 s

it
es

 i
n 

A
re

a 
12

.

\
S

it
e
 

S
ta

ti
o
n
 

n
u
m

b
er

 
S

ta
ti

o
n

 
na

m
e 

n
u

m
b

er

1 2 3 4 5 6 7
*8 *9 10 11 12 13

*
1
4 15 16 17 18 19 20 21 22 23 24 25 26

*
2
7 28 29 30 31

*
3

2 33 34 35 36
*
3
7 38 39

*
4
0

W
in

d
in

g
 

G
u
lf

 \
a
t 

H
ig

h
w

ay
 

1
6

/1
8

 
B

ri
d

g
e
 

a
t 

H
el

en
S

to
n
e
c
o
a
l 

C
re

ek
 

a
t 

H
ig

h
w

ay
 

16
 

B
ri

d
g

e
 

a
t 

S
to

n
e
c
o
a
l 

 
 -

D
e
v

il
s 

F
o
rk

 
a
t 

H
ig

h
w

ay
 

16
 

B
ri

d
g

e
 

a
t 

A
m

ig
o 

 
 

S
la

b
 

F
o
rk

 
a
t 

H
ig

h
w

ay
 

54
 

B
ri

d
g

e
 

a
t 

N
u
ri

v
a
 

-
-
-

B
a
rk

e
rs

 
C

re
ek

 
a
t 

B
ri

d
g
e
 

a
t 

T
ra

le
e
 

 
 

P
in

n
a
c
le

 
C

re
ek

 
a
t 

H
ig

h
w

ay
 

16
 

B
ri

d
g

e
 

n
e
a
r 

P
in

e
v
ll

le

R
o

c
k

c
a
st

le
 

C
re

ek
 

a
t 

H
ig

h
w

ay
 

97
 

B
ri

d
g

e
 

a
t 

P
in

e
v
il

le
 

 
 

In
d
ia

n
 

C
re

ek
 

a
t 

F
a
n
ro

c
k
 

0
3

2
0

2
4

9
0

G
u

y
a
n

d
o

tt
e
 

R
iv

e
r 

n
e
a
r 

B
a
il

e
y
s
v
il

le
 

<- 
0
3
2
0
2
4
0
0

C
le

a
r 

F
o
rk

 
a
t 

P
ri

v
a
te

 
B

ri
d
g
e
 

a
t 

T
o

n
ey

 
F

o
rk

 
 
 

T
o

n
ey

 
F

o
rk

 
a
t 

H
ig

h
w

ay
 

2 
B

ri
d

g
e
 

a
t 

T
o
n
ey

 
F

o
rk

 
 
 

L
a
u
re

l 
F

o
rk

 
a
t 

H
ig

h
w

ay
 

5 
B

ri
d
g
e
 

a
t 

R
a
v

e
n

c
li

ff
 

 
 -

L
a
u
re

l 
F

o
rk

 
a
t 

H
ig

h
w

ay
 

9
/9

 
B

ri
d
g
e
 

a
t 

M
at

h
en

y
 

- 
 

C
le

a
r 

F
o
rk

 
a
t 

H
ig

h
w

ay
 

16
 

B
ri

d
g

e
 

a
t 

C
le

a
r 

F
o
rk

 
0

3
2

0
2

7
5

0

B
ig

 
C

ub
 

C
re

ek
 

a
t 

H
ig

h
w

ay
 

6
/5

 
B

ri
d

g
e
 

n
e
a
r 

G
uy

an
 

 
 -

L
it

tl
e
 

H
u
ff

 
C

re
ek

 
a
t 

U
.S

. 
52

 
B

ri
d
g
e
 

a
t 

J
u

s
ti

c
e

G
il

b
e
rt

 
C

re
ek

 
a
t 

B
ri

d
g

e
 

to
 

S
c
h
o
o
l 

a
t 

G
il

b
e
rt

H
u

ff
 

C
re

ek
 

a
t 

P
ri

v
a
te

 
B

ri
d
g
e
 

a
t 

C
am

pu
s 

 
 

H
u

ff
 

C
re

ek
 

a
t 

H
ig

h
w

ay
 

1
0

/1
0

 
B

ri
d

g
e
 

a
t 

M
a
ll

o
ry

B
u

ff
a
lo

 
C

re
ek

 
a
t 

H
ig

h
w

ay
 

16
 

B
y
-P

 a
ss

 '
 B

ri
d
g
e
 

a
t 

C
ri

te
s
 

-
-
-

B
u

ff
a
lo

 
C

re
ek

 
a
t 

H
ig

h
w

ay
 

1
6
/5

 
B

ri
d

g
e
 

a
t 

K
is

tl
e
r

R
um

 
C

re
ek

 
a
t 

H
ig

h
w

ay
 

1
4
/1

 
B

ri
d
g
e
 

a
t 

D
eh

u
e 

 
 

D
in

g
e
ss

 
R

un
 

a
t 

R
a
il

ro
a
d
 

B
ri

d
g

e
 

a
t 

M
e
ll

v
il

le
 

 
 

Is
la

n
d

 
C

re
ek

 
a
t 

H
ig

h
w

ay
 

11
9 

B
ri

d
g
e
 

a
t 

C
ry

s
ta

l 
B

lo
ck

 
 
 

Is
la

n
d
 

C
re

ek
 

a
t 

H
ig

h
w

ay
 

11
9 

B
ri

d
g

e
 

a
t 

M
t 

. 
G

ay

C
o

p
p

e
ra

s 
M

in
e 

F
o
rk

 
a
t 

1
1
9
/1

4
 

B
ri

d
g
e
 

a
t 

M
t 

. 
G

ay
 

 
 -

G
u
y
a
n
d
o
tt

e
 

R
iv

e
r 

a
t 

L
o
g
an

 
0

3
2

0
3

6
0

0

C
ra

w
le

y
 

C
re

ek
 

a
t 

H
ig

h
w

ay
 

3
/4

 
B

ri
d
g
e
 

n
e
a
r 

C
h
a
p
m

a
n
v
il

le
 
 
 

B
ig

 
C

re
ek

 
a
t 

H
ig

h
w

ay
 

2 
B

ri
d
g
e
 

n
e
a
r 

B
ig

 
C

re
ek

 
 
 

B
ig

 
H

a
rt

s 
C

re
ek

 
a
t 

H
ig

h
w

ay
 

3 
B

ri
d

g
e
 

n
e
a
r 

S
h

iv
e
ly

 
 
 

B
ig

 
U

g
ly

 
C

re
ek

 
a
t 

H
ig

h
w

ay
 

7 
B

ri
d

g
e
 

n
e
a
r 

L
e
e
t 

 
 

G
u
y
a
n
d
o
tt

e
 

R
iv

e
r 

a
t 

B
ra

n
c
h
la

n
d
 

0
3

2
0

4
0

0
0

M
ud

 
R

iv
e
r 

a
t 

H
ig

h
w

ay
 

46
 

B
ri

d
g

e
 

a
t 

M
ud

 
 
 

M
ud

 
R

iv
e
r 

a
t 

H
ig

h
w

ay
 

7 
B

ri
d
g
e
 

a
t 

M
yr

a 
 
 -

M
id

d
le

 
F

o
rk

 
a
t 

H
ig

h
w

ay
 

3 
B

ri
d
g
e
 

a
t 

H
am

li
n
 

 
 -

T
ra

c
e
 

F
o
rk

 
a
t 

H
ig

h
w

ay
 

37
 

B
ri

d
g
e
 

n
e
a
r 

M
t 

. 
M

o
ri

ah
 

 
 

M
ud

 
R

iv
e
r 

n
e
a
r 

M
il

to
n
 

0
3

2
0

4
5

0
0

W
es

t 
F

o
rk

 
T

w
e
lv

e
p
o
le

 
C

re
ek

 
a
t 

H
ig

h
w

ay
 

2 
B

ri
d
g
e
 

a
t 

 
 -

B
re

e
d
e
n

W
es

t 
F

o
rk

 
T

w
e
lv

e
n
o
le

 
C

re
ek

 
a
t 

H
ig

h
w

ay
 

44
 

B
ri

d
g
e
 

 
 -
 

a
t 

D
u
n
lo

w
W

es
t 

F
o
rk

 
T

w
e
lv

e
p
o
le

 
C

re
ek

 
a
t 

H
ig

h
w

ay
 

5
2
/4

9
 

B
ri

d
g
e
 

0
3
2
0
6
9
8
0

a
b
o
v
e
 

W
ay

ne
 

a
t 

E
ch

o

T
y
p
e 

o
f 

d
a
ta

, 
p
e
ri

o
d
 

o
f 

re
c
o

rd
, 

an
d 

sa
m

p
li

n
g

 
f 
re

q
u

e
n

c
y

ji
'

L
a
ti

tu
d

e

3
7
°3

8
'0

9
"

3
7
°3

6
'0

9
"

3
7

0
3

5
1

4
9

-
3
7
°3

6
'0

1
"

3
7
°3

3
'2

2
"

3
7
°3

4
'0

6
"

37
0
3

5
'0

9
"

3
7

°3
4

'0
0

"

3
7
°3

6
' 

1
5
"

3
7

°4
2

I4
6
"

3
7
°4

2
'4

6
"

3 
7 

° 
4 

1 
' 2

 2
 "

3
7
°4

0
'0

1
"

3
7
°3

7
' 

2
6

"

3
7
°3

7
'0

2
"

3
7
°3

5
'3

9
"

3
7
°3

7
'0

7
"

37
t>4

3
'4

6
"

3
7
°4

3
'5

0
"

3
7

°4
7

'5
5

"

3
7
°4

5
'2

1
"

3
7
°4

8
' 

3
3

"
3
7
°5

0
'2

8
"

3
7
°4

2
'2

4
"

3
7
°5

0
'4

1
"

3
7
°5

0
'4

4
"

3
7
°5

0
'3

4
"

3
7
0
5
7
1
4
5
-

3
8
°0

0
'3

3
"

3
7
°5

8
'4

0
"

3
8
°0

2
'5

9
"

3
8
°1

3
'1

5
"

38
8
0
5
'3

2
"

38
 "

1
3
 '
1
9
"

3
8
°1

6
'4

2
"

38
0
1
9
'5

6
"

3
8
°2

3
'1

5
"

3
7

0
5

5
1

3
4

-

3
8
°0

1
'2

6
"

3
8
°1

0
'5

2
"

L
o

n
g

it
u

d
e

8
1
°1

8
' 

5
1
"

8 
1 

° 
1 

9 
' 1

 8
 "

8
1
°1

9
'1

4
"

8
1
°2

2
'4

5
"

8
1
°2

4
'0

3
"

8
1

°3
1

f 5
8

"

8
1
°.

3
1
' 

5
5

"
8
1
°3

9
'1

0
"

8
1
°3

8
'4

4
"

8
1
°3

5
'1

3
"

8
1
°3

5
'4

9
"

8
1
°2

9
'0

3
"

8
1
°3

6
'0

5
"

8
1
°4

2
'1

3
"

8
1
°4

7
'2

4
"

8 
1 

o 
4 

9 
' 4

 3
 "

8
1
°5

2
'5

4
"

81
84

3
'2

6
"

8
1
° 

5
0
' 

1
6

"
8
1
°4

5
'4

8
"

8
1

°5
1

'3
6

"
8
1
°5

5
'0

2
"

8
1
°5

6
'5

7
"

8
1
°5

9
'2

0
"

8
2
°0

0
'3

6
"

82
 "

0
0
 '
5

2
"

8
1

°5
8

'3
4

"

8
2
°0

2
'5

7
"

8
2
°0

1
'0

5
"

8
2
° 

08
 '
3

8
"

8
2
°0

4
'0

2
"

8
2
°1

2
' 

1
0

"

8
1
°5

8
'0

6
"

8
2
°0

6
'4

8
"

8
2
°0

4
'3

0
"

8
1
°5

8
'3

8
"

8
2
°0

6
'4

6
"

8
2
°1

6
'1

2
"

8
2
° 

25
 '
5
5
"

8
2
°2

8
'3

3
"

D
ra

in
a
g
e
 

a
re

a
 

(m
i2

 )

18 33 23 32 36 56 13 40

30
8 24
8

19 52
12

4 16 40 26 27 45 21 43 17 23
7

58 45
83

6 14 28 28 18
1
,2

2
6 14 81 50 32

25
6 24 65

10
8

.9 .1 .1 .7 .4 .9 .4 .7 .2 .8
8

.2 .8 .6 .9 .7 .3 .7 .6 .7 .6 .1 .7
3

.5 .4 .4 .1 .1 .1 .0 .2 .1 .6 .7 .1

D
is

c
h

a
rg

e

I I I I I I I I c C I I I I C I I. I I I I I I I I I I c I I I I c c I I' I I c I I c

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9
7
9
-8

0
,

1
9

7
5

-7
6

,
1

9
7

9
-8

0
1

9
7

9
-8

0
1

9
7

4
-8

0

1
9

6
8

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
4

-8
0

1
9

7
8

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

6
0

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

1
5

-2
2

 ,
1

9
2

8
-8

0
1

9
7

9
-8

0
1

9
7

9
-8

0
1

9
7

9
-8

0

1
9

7
9

-8
0

1
9

3
8

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

C
h

em
ic

al
 

q
u
a
li

ty

I I I I I I I I M M I I I I M I I I I I I I I I I I I M M M I I I. I M M I I I I M M I I I

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9
7
5
-7

6
,

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
4

-8
0

1
9

7
3

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
4

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

6
5

,
1

9
7

5
-7

6
,

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

19
61

 ,
1
9
6
5
,

1
9

7
5

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
9

-8
0

1
9

7
5

-7
7

,
1

9
7

8
-8

0
1

9
7

9
-8

0

1
9

7
9

-8
0

1
9

7
9

-8
0

S
e
d

im
e
n

t

I I I I I I I I D I D I I I I I D I I I I I I I I I I I I I D I I I I I D I I I I I D I I I D

1
9
8
0

1
9
8
0

1
9
8
0

19
80

19
80

1
9
7
5
-7

6
,

1
9

7
9

-8
0

19
80

1
9

7
4

-7
8

,
19

80
1

9
7

3
-8

0
19

80

19
80

 
"

19
80

19
80

19
80

1
9

7
4

-8
0

,
19

80

19
80

19
80

19
80

19
80

19
80

19
80

1
9

7
9

-8
0

19
80

19
80

19
80

19
80

19
80

1
9
7
5
-7

6
,

19
80

19
80

19
80

19
80

19
80

1
9

7
6

-7
7

 ,
19

80
19

80
19

80
19

80

19
80

1
9

7
5

-7
7

,
19

80
19

80

19
80

1
9

7
9

-8
0

0
0 H
 

W



S
ta

ti
on

 n
am

e,
 l

oc
at

io
n,

 d
ra

in
ag

e 
ar

ea
, 

an
d 

pe
ri

od
 o

f 
re

co
rd

 f
or

 s
ur

fa
ce

-w
at

er
 s

it
es

 i
n 

A
re

a 
12

 (
co

nt
in

ue
d)

.

-j
 

u>

T
y
p
e
 
of

 
d
a
t
a
,
 
p
e
r
i
o
d
 
of

 
r
e
c
o
r
d
,
 
a
u
d
 
s
a
m
p
l
i
n
g
 

f 
r
e
q
u
e
n
c
y
i
'

S
i
t
e
 

n
u
m
b
e
r
 

S
t
a
t
i
o
n
 
n
a
m
e

*
4
1 4
2

*
4
3 4
4
4
5

*
4
6 47 4
8

4
9 5
0 51 52 53 54 55

*
5
6

*
5
7

E
a
s
t
 
F
o
r
k
 
T
w
e
l
v
e
p
o
l
e
 
C
r
e
e
k
 
n
e
a
r
 
D
u
n
l
o
w

K
i
a
h
 
C
r
e
e
k
 
at

 
H
i
g
h
w
a
y
 
3
3
 
B
r
i
d
g
e
 
n
e
a
r
 
K
i
a
h
s
v
i
l
l
e

T
w
e
l
v
e
p
o
l
e
 
C
r
e
e
k
 
be
l.
ow
 
W
a
y
n
e

B
e
e
c
h
 
F
o
r
k
 
H
i
g
h
w
a
y
 
26

 
B
r
i
d
g
e
 
n
e
a
r
 
G
i
l
k
e
r
s
o
n

M
i
l
l
e
r
s
 
F
o
r
k
 
at

 
H
i
g
h
w
a
y
 
22

 
B
r
i
d
g
e
 
n
e
a
r
 
C
r
o
c
k
e
t
t

B
e
e
c
h
 
F
o
r
k
 
b
e
l
o
w
 
B
e
e
c
h
 
F
o
r
k
 
D
a
m

B
e
a
r
h
o
l
e
 
F
o
r
k
 
at

 
P
i
n
e
v
i
l
l
e

M
i
l
a
m
 
F
o
r
k
 
at

 
M
c
G
r
a
w
s

M
a
r
s
h
 
F
o
r
k
 
at

 
M
a
b
e
n

S
t
i
l
l
 
R
u
n
 
at

 
I
t
m
a
n
n

A
l
i
e
n
 
C
r
e
e
k
 
at

 
A
l
i
e
n
 
J
u
n
c
t
i
o
n

M
u
d
 
R
i
v
e
r
 
at

 
B
a
r
b
o
u
r
s
 v
i
l
l
e

M
u
d
 
R
i
v
e
r
 
at

 
P
a
l
e
r
m
o

B
u
f
f
a
l
o
 
C
r
e
e
k
 
at
 
M
a
n

I
s
l
a
n
d
 
C
r
e
e
k
 
at

 
L
o
g
a
n

G
u
y
a
n
d
o
t
t
e
 
R
i
v
e
r
 
b
e
l
o
w
 
R
.
D
.
 
B
a
i
l
e
y
 
D
a
m

E
a
s
t
 
F
o
r
k
 
T
w
e
l
v
e
p
o
l
e
 
C
r
e
e
k
 
b
e
l
o
w
 
E
a
s
t
 
L
y
n
n

D
a
m

S
t
a
t
i
o
n
 

n
u
m
b
e
r

0
3
2
0
6
6
0
0

 
 

0
3
2
0
7
0
2
0

 
 

0
3
2
0
7
0
5
7

0
3
2
0
2
3
1
0

0
3
2
0
2
6
9
5

0
3
2
0
2
2
4
5

0
3
2
0
2
2
5
5

0
3
2
0
2
2
4
0

0
3
2
0
5
1
8
0

0
3
2
0
4
2
5
0

0
3
2
0
2
9
9
0

0
3
2
0
3
7
0
0

0
3
2
0
2
9
1
5

0
3
2
0
6
7
9
0

L
a
t
i
t
u
d
e

3
8
°
0
1
'

3
8
°
0
2
'

3
8
°
1
4
'

3
8
°
1
3
'

3
8
"
1
5
'

3
8
°
1
8
'

3
7
°
3
5
'

3
7
°
4
0
'

3
7
°
3
8
'

3
7
°
3
4
»

3
7
°
3
5
'

3
8
°
2
4
'

3
8
°
1
0
'

3
7
°
4
4
'

3
7
°
5
0
'

3
7
°
3
5
'

3
8
°
0
8
'

0
2
"

3
2
"

5
6
"

5
1
"

0
0
"

2
8
"

1
6
"

4
8
"

1
9
"

5
1
"

3
3
"

5
8
"

1
0
"

3
4
"

5
0
"

5
3
"

5
2
"

L
o
n
g
i
t
u
d
e

8
2
°
1
7
'

8
2
°
1
5
'

8
2
°
 2
6'

8
2
°
1
8
'

8
2
°
2
2
'

8
2
°
2
5
'

8
1
°
3
1
'

8
1
°
2
8

f
8
1
°
2
3
'

8
1
°
2
5
'

8
1
°
2
0
'

8
2
°
 1
7.

'
8
2
°
0
3
'

8
1
°
5
2

f
8
2
°
0
0
'

8
1
°
4
9
'

8
2
°
2
3
'

4
6
"

2
3
"

0
6
"

4
8
"

1
7
"

2
8
"

1
2
"

2
7
"

3
8
"

4
2
"

4
8
"

4
2
"

3
0
"

2
7
"

3
0
"

4
6
"

0
0
"

D
r
a
i
n
a
g
e
 

a
r
e
a
 
(
m
i
2

)

3
8
.
2

1
8
.
0

3
0
0 1
4
.
3

9
.
3
7

8
0
.
4

6
.
2
7

6
.
6
4

4
.
8
5

7
.
1
2

8
.
4
3

3
6
0 5
1
.
1

4
5
.
6

1
0
3

5
3
5

1
3
8

D
i
s
c
h
a
r
g
e

C I C C C I I C C C C C C M M M M C C

1
9
6
4
-
8
0

1
9
7
9
-
8
0

1
9
1
5
-
2
2
,

1
9
2
7
-
3
1
,

1
9
4
6
-
8
0

1
9
7
9
-
8
0

1
9
7
9
-
8
0

1
9
7
6
-
8
0

1
9
7
7
-
7
9

1
9
7
7
-
7
9

1
9
7
7
-
8
0

1
9
7
7
-
7
9

1
9
7
7
-
7
9

1
9
7
5
-
7
6

1
9
7
5
-
7
6

1
9
7
5
-
7
6

1
9
7
5
-
7
7

1
9
7
8
-
7
9

1
9
6
2
-
8
0

C
h
e
m
i
c
a
l
 

Q
u
a
l
i
t
y

I I M I I I D D D D D D M M D I I

1
9
7
9
-
8
0

1
9
7
9
-
8
0

1
9
7
8
-
8
0

1
9
7
9
-
8
0

1
9
7
9
-
8
0

1
9
7
9
-
8
0

1
9
7
7
-
7
9

1
9
7
7
-
7
9

1
9
7
7
-
8
0

1
9
7
7
-
7
9

1
9
7
7
-
7
9

1
9
7
5
-
7
7

1
9
7
5
-
7
6

1
9
7
5
-
7
6

1
9
7
5
-
7
7

1
9
7
8
-
8
0

1
9
7
9
-
8
0

S
e
d
i
m
e
n
t

I I I I I I D D D D D I M I M

1
9
8
0

1
9
8
0

1
9
8
0

1
9
8
0

1
9
8
0

1
9
8
0

1
9
7
7
-
7
9

1
9
7
7
-
7
9

1
9
7
7
-
8
0

1
9
7
7
-
7
9

1
9
7
7
-
7
9

1
9
7
5
-
7
6

1
9
7
5
-
7
6

1
9
7
5
-
7
6

1
9
7
5
-
7
6

 
 -

*
A
c
t
i
v
e
 
g
a
g
i
n
g
 
s
t
a
t
i
o
n
 
(
1
9
8
0
)

JL
' 

C 
- 

c
o
n
t
i
n
u
o
u
s
,
 
D 

- 
d
a
i
l
y
,
 
M
 
- 

m
o
n
t
h
l
y
,
 

I 
- 

i
n
t
e
r
m
i
t
t
e
n
t
.



9.0 SELECTED REFERENCES

Anderson, W. C., and Youngstrom, M. P., 1976, 
Coal pile leachate quantity and quality charac 
teristics: Journal Sanitary Engineering Division, 
American Society of Civil Engineers, v. 102, p. 
1239.

Arkle, Thomas, Jr. 1974, Stratigraphy of the Penn- 
sylvanian and Permian Systems of the Central 
Appalachians: Geological Society of America 
Special Paper 148, p. 5-29.

Babu, S. P., Barlow, J. A., Craddock, L. L., Hidal 
go, R. V., and Friel, E. A., 1973, Suitability of 
West Virginia coals to coal-conversion processes: 
West Virginia Geological and Economic Survey 
Coal-Geology Bulletin No. 1, p. 6.

Bader, J. S., Chisholm, J. L., Bragg, R. L., and 
Downs, S. C., 1980, Water Resources of the 
Guyandotte River basin, West Virginia: West 
Virginia Geological and Economic Survey 
River-Basin Bulletin (in press).

Bader, J. S., Chisholm, J. L., Downs, S. C., and 
Bragg, R. L., 1977, Hydrologic data for the 
Guyandotte River basin, West Virginia: West 
Virginia Geological and Economic Survey 
Basic-Data Report 7,550 p.

Bader, J. S., Chisholm, J. L., Downs, S. C., and 
Morris, F. O., 1976, Water resources of the Coal 
River basin, West Virginia: West Virginia Geo 
logical and Economic Survey River-Basin Bulle 
tin (in press).

Bain, G. L., 1970, Salty ground water in the 
Pocatalico River basin: West Virginia Geological 
and Economic Survey Circular 11, 31 p.

Barlow, J. A., 1974, Coal and coal mining in West 
Virginia: West Virginia Geological and Econom 
ic Survey Coal-Geology Bulletin 2, 63 p.

Biesinger, K. E., and Christensen, G. M., 1972, 
Effects of various metals on survival, growth, 
reproduction, and metabolism of Daphnia 
magna: Journal of the Fisheries Research Board 
of Canada, v. 29, no. 12, p. 1691-1700.

Bowen, H. J. M., 1966, Trace elements in biochemis 
try: Academic Press, London and New York, 
241 p.

Cardwell, D. H., Erwin, R. B., and Woodward, H. 
P., compilers, 1968, Geologic map of West Vir 
ginia: West Virginia Geological and Economic 
Survey Map, scale 1:250,000.

Clark, W. E., Chisholm, J. L., and Frye, P. M., 
1976, Water resources of the Upper New River 
basin, West Virginia: West Virginia Geological 
and Economic Survey River-Basin Bulletin 4, 142 
p (in press).

Dugolinsky, B. K., 1980, West Virginia mineral 
procedures directory: West Virginia Geological

and Economic Survey Mineral-Resources Series 
1 (7th Ed.), 110 p.

Eckhardt, D. A. V., 1976, Sediment discharge from 
an area of highway construction, Appleman Run 
Basin, Columbia County, Pennsylvania: U.S. 
Geological Survey Water-Resources Investiga 
tions 76-111, 25 p.

Feltz, Herman, 1980, Significance of bottom-materi 
al data in evaluating water quality, in Baker, 
Robert A., ed., Contaminants and sediments: 
Ann Arbor Science Publishers, Inc., p. 271-287.

Fenneman, N. M., and Johnson, D. W., 1946, 
Physical divisions of the United States: U.S. 
Geological Survey map prepared in cooperation 
with Physiographic Commission, U.S. Geologi 
cal Survey, scale 1:7,000,000 (Repr. 1964).

Fredericks, A. D., 1968, Concentration of organic 
carbon in the Gulf of Mexico: Office of Naval 
Research, Report 68-27T, 65 p.

Garbarino, J. R., and Taylor, H. E., 1979, An 
inductively coupled plasma atomic emission 
spectrometric method for routine water-quality 
testing: Applied Spectroscopy, v. 33, no. 3, p. 
220-226.

Greeson, P. E., Ehlke, T. A., Irwin, G. A., Lium, B. 
W., and Slack, K. V., eds., 1977, Methods for 
collection and analysis of aquatic biological and 
microbiological samples: Techniques of Water- 
Resources Investigations of the U.S. Geological 
Survey, Book 5, Chapter A4, Laboratory Anal 
ysis, 332 p.

Guy, H. P., 1969, Laboratory theory and methods 
for sediment analysis: Techniques of Water- 
Resources Investigations of the U.S. Geological 
Survey, Book 5, Chapter Cl, Laboratory Anal 
ysis, 58 p.

Harkins, J. R., and others, 1980, Hydrologic assess 
ment, Eastern Coal Province Area 23, Alabama: 
U.S. Geological Survey Water-Resources Investi 
gations 80-683, 76 p.

Hem, J. D., 1970, Study and interpretation of the 
chemical characteristics of natural water, 2nd 
ed.: U.S. Geological Survey Water-Supply Paper 
1473, 363 p.

Hennen, R. V., and Gawthrop, R. M., 1915, (De 
tailed geologic report of) Wyoming and McDo- 
well Counties: West Virginia Geological Survey 
County Report, 783 p., 31 pis.

Hennen, R. V., 1915, (Detailed geologic report of) 
Logan and Mingo Counties: West Virginia Geo 
logical Survey County Report, 775 p., 15 pis.

Hobba, W. A., 1981, Effects of underground mining 
and mine collapse on the hydrology of selected 
basins, West Virginia: West Virginia Geological

74



and Economic Survey Report of Investigation 
33, 109 p. (in press).

Hutchinson, N. E., compiler, 1975, WATSTORE 
users' guide V.I.: U.S. Geological Survey Open- 
File Report 75-426.

Krebs, C. E., 1911, (Detailed geologic report of) 
Jackson, Mason, and Putnam Counties: West 
Virginia Geological Survey County Report 387 
p.,31 pis.

_____1913, (Detailed geologic report of) Cabell, 
Wayne, and Lincoln Counties: West Virginia 
Geological and Economic Survey County Re 
port, 483 p., 26 pis.

Krebs, C. E., and Teets, D. D., Jr., 1914, (Detailed 
geologic report of) Kanawha County: West Vir 
ginia Geological Survey County Report, 679 p., 
33 pis.

_____1915, (Detailed geologic report of) Boone 
County: West Virginia Geological Survey Coun 
ty Report, 648 p., 42 pis.

.1916, (Detailed geologic report of) Raleigh
County, and the western portions of Mercer and 
Summers Counties: West Virginia Geological 
Survey County Report, 778 p., 31 pis. 

Krothe, N. C., Edkins, J. E., and Schubert, J. P.,
1980. Leaching of metals and trace elements 
from sulfide-bearing coal waste in southwestern 
Illinois: Symposium on Surface Mining Hy 
drology, Sedimentology and Reclamation, Lex- 
ington, Ky., University of Kentucky, Proceed 
ings, p. 455-463. 

Lessing, Peter, Behling, Mary, and Hilgar, Gary,
1981. Water use in West Virginia: West Virginia 
Geological and Economic Survey Circular C-18, 
43 p.

Lessing, Peter, Kulandu, B. R., Wilson, B. D., 
Dean, S. L., and Woodring, S. M., 1976, West 
Virginia landslides and slide-prone areas: West 
Virginia Geological and Economic Survey Envi 
ronmental Geology Bulletin 15, 64 p.

Lindorff, David E., 1980, Hydrogeology of surface 
coal mines in Illinois: Symposium on Surface 
Mining Hydrology, Sedimentology, and Recla 
mation, Lexington, Ky., University of Kentucky, 
Proceedings, p. 33-40.

Lotz, C. W., 1970, Probable original mineable extent 
of the bituminous coal seams in West Virginia: 
West Virginia Geological and Economic Survey 
Map, scale 1:1,500,000.

Mathes, M. V., 1977, Drainage areas of the Guyan- 
dotte River basin, West Virginia: U.S. Geologi 
cal Survey Open-File Report 77-801, 56 p.

National Oceanic and Atmospheric Administration, 
1977, Climate of West Virginia: Asheville, 
North Carolina, 19 p.

National Oceanic and Atmospheric Administration, 
1979-1980, Climatological data, West Virginia: 
v. 87, no. 3-12, and v. 88, no. 1-3, 145 p.

Nrigu, J. O., and Hem, J. D., 1978, Sulfur in the

environment, part 2, ecological impacts: New 
York, John Wiley, 482 p.

Rhodehamel, E. C., and Carlston, C. W., 1963, 
Geologic history of the Teays Valley in West 
Virginia: Geological Society of America Bulle 
tin, v. 74, p. 251-274.

Rickert, D. A., Kennedy, V. C., McKenzie, S. W., 
and Hines, W. G., 1977, A synoptic survey of 
trace metals in bottom sediments of the Wil- 
liamette River, Oregon: U.S. Geological Survey 
Circular 715-F, 27 p.

Runner, G. W., 1974, Flood on Buffalo Creek from 
Saunders to Man, West Virginia: U.S. Geologi 
cal Survey Hydrologic Investigations Atlas HA- 
547, scale 1:12,000.

Runner, G. S., 1980, Runoff studies on small drain 
age areas (Technique for estimating magnitude 
and frequency of floods in West Virginia): U.S. 
Geological Survey Open-File Report 80-1218, 44
P-

Skougstad, M. W., Fishman, M. J., Friedman, L. 
C., Erdmann, D. E., and Duncan, S. S., eds., 
1979, Methods for analysis of inorganic sub 
stances in water and fluvial sediments: U.S. 
Geological Survey Open-File Report 78-679, 
1006 p.

U.S. Army Corps of Engineers, 1971a Kanawha 
River comprehensive basin study: v. Ill, Appen 
dix C., p. 143, 167, 189,225.

U.S. Army Corps of Engineers, 1971b, Kanawha 
River comprehensive basin study: v. IV, Appen 
dix D, p. 27-112.

U.S. Environmental Protection Agency, 1976, Qual 
ity criteria for water: 256 p.

_____1976, Erosional sediment control: U.S. 
Environmental Protection Agency Report, 
EPA-625/3-76-006, v. 1, 102 p.

_____1980, Areawide environmental assessment
for issuing new source NPDES permits on coal 
mines in the Guyandotte River basin, West Vir 
ginia: Supplemental Information Document, 
950 p.

U.S. Geological Survey, 1978, Land use and land 
cover 1973-1976, Bluefield, W. Va.; Va.; Ky.: 
U.S. Geological Survey Open-File Map 78-415-1, 
scale 1:250,000, Land-Use and Land-Cover 
Series.

U.S. Geological Survey, 1973, Land use and land 
cover 1972-73, Charleston, W. Va. - Ohio: U.S. 
Geological Survey Open-File Map 76-033-1, scale 
1:250,000, Land-Use and Land-Cover Series.

U.S. Soil Conservation Service, 1979, General soil 
map, West Virginia: scale 1:750,000.

Welker, D. B., Kasales, Stephanie, Hilgar, Gary, and 
Peck, Michael, 1980, Surface mines in West 
Virginia as of April 1, 1980: West Virginia 
Geological and Economic Survey Publication 
MB-2, 48 p.

West Virginia Community Development Division,

75

1979. West Virginia State development plan:
Community Development Division, p. 80. 

West Virginia Department of Mines, 1980, Annual
report and directory of mines: West Virginia
Department of Mines, 269 p. 

West Virginia Department of Natural Resources,
1980. West Virginia's state reclamation plan: 
Division of Reclamation, section 842.13F.

West Virginia Department of Natural Resources, 
1980a, Abandoned mine lands and affected wa 
ter: Division of Reclamation Map, scale 
1:250,000.

West Virginia Department of Natural Resources, 
1976, Basin water-quality management plan for 
the Guyandotte River basin: Division of Water 
Resources, 313 p.

West Virginia Geological and Economic Survey, 
1979, Land-use statistics for West Virginia, part 
1: Environmental Geology Bulletin 18, 23 p.

West Virginia Geological and Economic Survey,

1980, Land-use statistics for West Virginia, part 
2: Environmental Geology Bulletin 18-1, 31 p. 

West Virginia Water Resources Board, 1980, West 
Virginia Administrative Regulations, State Wa 
ter Resources Board, Chapter 20-5 and 20-5a: 32
P-

Wilber, W. G., and Hunter, J. V., 1975, Contribu 
tions of metals resulting from stormwater runoff 
and precipitation in Lodi, New Jersey, in Whip- 
pie, William, Jr., ed., Urbanization and water- 
quality control: Minneapolis, Minn., American 
Water Resources Association, p. 45-54.

Wilson, M. W., 1979, Drainage areas of the Twel- 
vepole Creek basin, West Virginia; Big Sandy 
River basin, West Virginia; Tug Fork basin, 
Virginia, Kentucky, West Virginia: U.S. Geo 
logical Survey Open-File Report 79-746, 50 p.

Wyrick, G. G., and Borchers, J. W., 1981, Hy 
drologic effects of stress-relief fracturing in an 
Appalachian Valley: U.S. Geological Survey 
Water Supply Paper 2177, 51 p.

9.0 SELECTED REFERENCES


