
HYDROLOGY OF AREA 9, 
EASTERN COAL PROVINCE, 
WEST VIRGINIA

NEW YORK

  KANAWHA RIVER

  COAL RIVER

  NEW RIVER

  ELK RIVER
PENNSYLVANIA

NORTH CAROLINA

CSOUTH CAROLINA""x

UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

TENNESSEE

ALABAMA

WATER-RESOURCES INVESTIGATIONS 
OPEN-FILE REPORT 81-803





HYDROLOGY OF AREA 9, 
EASTERN COAL PROVINCE, 
WEST VIRGINIA

BY
THEODORE A. EHLKE, GERALD S. RUNNER, AND SANFORD C. DOWNS

U. S. GEOLOGICAL SURVEY 
WATER-RESOURCES INVESTIGATIONS 
OPEN-FILE REPORT 81-803

CHARLESTON, WEST VIRGINIA 
JANUARY 1982



UNITED STATES DEPARTMENT OF THE INTERIOR

JAMES G. WATT, SECRETARY

GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information write to:

U. S. Geological Survey 
3416 Federal Building 
500 Quarrier Street 
Charleston, West Virginia 25301



CONTENTS

Page 

Abstract ...................................................................................... 1

1.0 Objective ................................................................................. 2

2.0 General features ........................................................................... 4
Theodore A. Ehlke

2.1 Surface drainage ....................................................................... 4

2.2 Geology............................................................................... 6

2.3 Land use .............................................................................. 8

2.4 Soils................................................................................. 10

2.5 Slope ................................................................................ 12

2.6 Climate ........................................................................'...... 14

3.0 Coal statistics............................................................................. 16
Theodore A. Ehlke

3.1 Coal production....................................................................... 16

3.2 Surface mines ......................................................................... 18

3.3 Underground mines.................................................................... 20

4.0 Surface water............................................................................. 22

4.1 Surface-water monitoring network ....................................................... 22
Theodore A. Ehlke

4.2 Surface-water quantity ................................................................. 24

4.2.1 Low flow ....................................................................... 24
Theodore A. Ehlke

4.2.2 Flood flow ...................................................................... 26
Gerald S. Runner

4.2.3 Flood-prone areas ................................................................ 28
Gerald S. Runner

4.2.4 Duration of flow ................................................................. 30
Theodore A. Ehlke

4.2.5 Mean flow ...................................................................... 32
Theodore A. Ehlke

4.3 Quality of surface water ................................................................ 34
Theodore A. Ehlke

4.3.1 Specific conductance.............................................................. 34

4.3.2 pH............................................................................. 36

4.3.3 Alkalinity....................................................................... 38

4.3.4 Sulfate ......................................................................... 40

III



4.3.5 Iron............................................................................ 42

4.3.6 Manganese ...................................................................... 44

4.3.7 Suspended sediment .............................................................. 46
Sanford C. Downs

4.3.8 Suspended sediment - iron relationship .............................................. 48
Theodore A. Ehlke

5.0 Availability of ground water ................................................................ 50
Theodore A. Ehlke

6.0 Water-data sources ........................................................................ 53

6.1 Introduction .......................................................................... 53

6.2 National Water Data Exchange (NAWDEX)............................................... 54

6.3 WATSTORE ......................................................................... 56

6.4 Index to water-data activities in coal provinces ............................................. 58

7.0 Surface-water network ..................................................................... 60

8.0 Selected references ........................................................................ 62

IV



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/eet 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]





HYDROLOGY OF AREA 9, 
EASTERN COAL PROVINCE, 
WEST VIRGINIA
BY THEODORE A. EHLKE, GERALD S. RUNNER, AND SANFORD C. DOWNS

Abstract

Area 9 is located in the Kanawha River basin and 
drains about 6,000 square miles in West Virginia. 
This report is intended to convey general hydrologic 
information to professionals such as hydrologists, 
consulting engineers, mine operators, and regulatory 
personnel. The report format consists of brief texts 
and supporting illustrations or tables on a series of 
hydrologic topics which together describe the hy 
drology of this area.

Area 9 is drained by the Kanawha, New, 
Pocatalico, Elk, Coal, and Gauley Rivers. The U.S. 
Geological Survey operates a network of 130 hy 
drologic data collection sites to monitor streamflow 
and quality-of-water conditions in the area.

Land use and land cover are strongly influenced 
by mountainous topography. More than 85 percent 
of the land cover is forest, largely because develop 
ment is limited by the rugged terrain. Agricultural 
land use comprises 7 percent of the area, and is 
mostly confined to the floodplain along the Ohio and 
Kanawha Rivers, where land slopes are gentlest. 
Soils are generally shallow and are poorly drained 
because of sedimentary rock formations close to the 
surface.

Precipitation averages 43 inches in the area and is 
unevenly distributed, with the greatest rainfall occur 
ring in mountainous areas and lesser amounts in the 
areas along the Ohio River and along the eastern 
boundary of the basin.

A variety of sedimentary rocks, mostly of Missis- 
sippian, Pennsylvanian, and Permian age crop out in 
Area 9. The major rock units from oldest to young 
est include the Hinton, Princeton, and Bluestone 
Formations of Mississippian age; the Pottsville 
Group, Allegheny Formation, Conemaugh and 
Monongahela Groups of Pennsylvanian age; and the 
Dunkard Group of Permian age. The most impor 
tant coal seams occur in the Pottsville, Conemaugh, 
and Monongahela Groups and in the Allegheny For 
mation. Most of the coal in Area 9 is produced from 
underground mines. In 1980, 469 deep mines and 
255 surface mines operated in the area. Wells are the

primary source of drinking water in rural areas. 
Most household wells have a specific capacity of less 
than 1 gallon per minute per foot of drawdown.

Many of the larger rivers in the area are con 
trolled by a series of dams to lessen the chance of 
flooding and to maintain stage for navigation pur 
poses. Locks on the Kanawha River at Winfield, 
Marmet and London and on the Ohio River and 
Gallipolis permit commercial traffic to operate from 
Point Pleasant to Kanawha Falls.

Specific conductance of surface waters in the 
area ranged from a mean of 60 jimhos/cm (microni- 
hos per centimeter) at synoptic sites in the Gauley 
River basin to 499 jtmhos/cm in the upper Kanawha 
River drainage. The median pH for all synoptic sites 
in the area was 6.9. Surface water pH was lowest in 
the Gauley River basin, primarily because of the low 
buffering capacity of the water and widespread min 
ing activities. Sulfate concentrations ranged from 3.8 
mg/L (milligrams per liter) to 880 mg/L and ave 
raged 57 mg/L. The lowest concentrations were 
found in the headwaters of the Gauley River basin, 
where they were less than 10 mg/L. The highest 
concentrations were consistently found in the Coal 
River and upper Kanawha River drainages, usually 
exceeding 100 mg/L. Total iron concentrations 
ranged from 50 fig/L (micrograms per liter) to 
260,000 jig/L in surface waters at synoptic sites, 
averaging 1,700 /zg/L. The highest mean total iron 
concentration was found in the upper Kanawha River 
drainage (9,800 /xg/L) and was more than ten times 
the mean concentration in the Elk River basin (590 
jig/L). Dissolved manganese concentrations in sur 
face water at synoptic sites averaged 165 jig/L. The 
mean dissolved manganese concentration ranged 
from 78 /xg/L in the Elk River basin to 480 /xg/L in 
the upper Kanawha River drainage. Most of the iron 
(95 percent) was transported in the suspended phase 
and most of the manganese (87 percent) was trans 
ported in the dissolved phase under the streamflow 
conditions (generally low to moderate flow) prevail 
ing during the synoptic sampling periods in 1979 and 
1980.



1.0 OBJECTIVE

Area 9 Report to Aid Permitting

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

This report provides general hydrologic informa 
tion, using a brief text with an accompanying map, 
chart, graph, or other illustration for each of a series 
of water-resources related topics. The summation of 
the topical discussions provides a description of the 
hydrology of the area. The information contained 
herein should be useful to surface-mine owners and 
operators, and consulting engineers in the prepara 
tion of permit applications, and regulatory authori 
ties in appraising the adequacy of permit applica 
tions. The location of Area 9 within the State of 
West Virginia is shown on figure 1.1-1.

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 report broadly characterizes the hydrology 
of Area 9 as delineated in figure 1.1-1. The hy 
drologic information presented or available through 
sources identified in this report may be used in 
describing the hydrology of the general area of any 
proposed mine. Furthermore, it is expected that this 
hydrologic information will be supplemented by the 
lease applicant's specific site data and data from 
other sources. It will provide a more detailed picture 
of the hydrology in the vicinity of the mine and the 
anticipated hydrologic consequences of the mining 
operation.
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2.0 GENERAL FEATURES
2.1 Surf ace Drainage

The Kanawha River Drains Area 9

The Kanawha River and five major river tributaries - the Coal, Elk, 
Pocatalico, Gauley, and New, drain Area 9.

Area 9 has a surface area of about 6,000 mi2 
(square miles) consisting of the lower portion of the 
Kanawha River basin. The area is bordered by the 
Ohio River drainage to the west, the Little Kanawha 
and Monongahela River basins to the north, the 
Greenbrier River basin to the east, and the Guyan- 
dotte River basin to the south. The Kanawha River is 
the fourth largest tributary to the Ohio River and is 
the largest drainage basin within West Virginia.

Five major river tributaries to the Kanawha 
River~the Coal, Elk, Pocatalico, Gauley, and New, 
drain most of the area. In addition, the Area receives 
drainage from 6,300 mi2 in North Carolina and 
Virginia by way of the New River. Much of this 
incoming drainage is encompassed in Area 10, the 
next area report in this series. The surface drainage 
network within Area 9 is shown in figure 2.1-1.

The Kanawha River is formed by the junction of 
the Gauley and New River at Gauley Bridge at mile 
96.5, and flows northwestward into the Ohio River at 
Point Pleasant. The mainstream of the Kanawha 
flows through parts of Mason, Putnam, Kanawha, 
and Fayette Counties. Drainage from the Elk River 
enters the Kanawha River at Charleston, 57.4 miles 
upstream from Point Pleasant. The Coal River joins

the Kanawha River at St. Albans, 45 miles upstream 
from Point Pleasant. The Pocatalico River, the 
furthest downstream of the major tributaries, joins 
the Kanawha River 39. miles upstream from Point 
Pleasant.

The Elk and Gauley Rivers drain 1,532 and 1,440 
mi2 respectively, which is most of the eastern part of 
Area 9. The New River drains 677 mi2 within Area 9, 
and an additional 6,300 mi2 in Virginia and North 
Carolina. The Kanawha River drains 520 mi2 be 
tween Point Pleasant and Charleston, W. Va. The 
Coal River drains 899 mi2 at the southern boundary 
of the basin. The Pocatalico River drains 359 mi2 of 
gently sloping land extensively used for agricultural 
and industrial purposes near the Ohio River.

The Kanawha River is navigable from Point 
Pleasant upstream as far as Kanawha Falls, 94.5 
miles upstream from the junction of the Kanawha 
with the Ohio River. A series of dams at London, 
Marmet, and Winfield on the Kanawha River and 
Gallipolis on the Ohio River divide this reach into 
four pools and maintain stage for navigation. Locks 
at London, Marmet, and Winfield are operated by 
the U.S. Army Corps of Engineers for boat traffic.
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2.0 GENERAL FEATURES-Continued
2.2 Geology

Consolidated Sedimentary Rocks of Permian, Pennsylvania!!, 
and Mississippian Age Underlie Area

Rock units underlying Area 9 from oldest to youngest include the Hinton,
Princeton and Bluestone Formations of Mississippian age; the Pottsville

Group, the Allegheny Formation, the Conemaugh and Monongahela Groups of
Pennsylvanian age; and the Dunkard Group of Permian age. These rock

units consist of beds of sandstone, shale, limestone, and coal.
Alluvial deposits in varying thicknesses occur along major river

valleys. The most important coal beds occur in the Pottsville Group.

Area 9 is underlain by sedimentary rocks of 
Mississippian, Pennsylvanian, and Permian age as 
well as by older rock units which do not crop out in 
the area. Alluvial deposits occur along major river 
valleys. The oldest consolidated rock units which 
crop out in the area are the Hinton, Princeton, and 
Bluestone Formations of Mississippian age. These 
rocks crop out in a broad belt near the southeastern 
boundary of the area (fig. 2.2-1) and consist of beds 
of sandstone, varicolored (red, green, and gray) 
shale, and a few thin beds of limestone in the Hinton 
Formation. They do not contain commercial quanti 
ties of coal.

The Pottsville Group includes the Kanawha, 
New River, and Pocahontas Formations of Pennsyl 
vanian age and consists of massive beds of sandstone 
separated by thinner beds of shale, siltstone, and 
coal. The Pottsville Group is 3,050-3,850 ft (feet) 
thick in southeastern West Virginia. As many as 69 
coal beds have been reported in these rocks. The 
most important coal seams include the Sewell, Beck- 
ley, and Pocahontas No. 2 seams. Currently the 
Pocahontas No. 2 is the deepest coal seam mined in 
West Virginia.

The Allegheny Formation of Pennsylvanian age 
overlies the Pottsville Group and consists of beds of 
sandstone, siltstone, shale, limestone, and coal. The 
Freeport and Kittanning coal beds are the most 
important of seven coal beds reported in the forma 
tion.

belt along the Elk River in Kanawha, Clay, and 
Roane Counties. The average thickness of the Cone 
maugh Group is about 530 feet in Area 9 and consists 
generally of non-marine deposits of shale, sandstone, 
limestone, coal, and underclay. The Bakerstown is 
the most important of the 22 coal seams reported in 
the Conemaugh Group.

The Monongahela Group crops out north of the 
Elk River and consists of varicolored shale, gray- 
brown sandstone, thin beds of limestone, coal, and 
underclay. The group has an average thickness of 
about 300 ft in the area. The Pittsburgh coal bed is 
the most important of several reported in the group.

The Dunkard Group of Permian age contains the 
youngest consolidated sedimentary rocks in Area 9 
and crops out in the northwestern corner of the area 
in Jackson and Mason Counties. The Dunkard 
Group is about 450 ft thick and consists of beds of 
sandstone, limey shale, and thin beds of limestone, 
coal, and underclay. Fifteen coal beds, of which the 
most important is the Washington bed, have been 
reported in the group. Coal beds in the Dunkard 
Group are highly volatile bituminous coals that are 
mainly used for steam generation because of their 
low carbon content.

A more detailed description of geology of West 
Virginia is available from the West Virginia Geologi 
cal and Economic Survey in Morgantown (Cardwell 
and others, 1968).

The Conemaugh Group crops out in a narrow
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2.0 GENERAL FEATURES-Continued
2.3 Land Use

Land Use and Land Cover is Primarily Forest in Area

The major land uses in Area 9 are forest (5,127 square miles), agriculture
(426 square miles), and urban (152 square miles). Other land-use

classifications such as rangeland, water, wetland, and barren land
comprise about 4 percent (238 square miles) of the land area. Surface
mines comprise about 1 percent of the area, or about 69 square miles.

Land use in Area 9 is strongly influenced by 
rugged topography; steep slopes dominate the ter 
rain. Consequently, commercial and residential con 
struction is concentrated in valley floors which are 
flat and subject to periodic flooding.

The major land use is forest. Approximately 
5,127 mi2 (square miles)(table 2.3-1 and fig. 2.3-1) or 
85 percent of the area is forested. The counties with 
the greatest percentage of forest cover include Clay 
(96 percent), Webster (96 percent), Logan (93 
percent), and Boone (92 percent). The least forest 
cover is found in Jackson County (72 percent), which 
lies in the flat land adjoining the Ohio River.

Agriculture, the second largest land use in the 
basin, occupies 426 mi2 or 7 percent of the basin area 
and is highly variable among different counties with 
in the basin. The greatest percentage of agricultural 
land use is in Jackson County (26 percent), whereas 
the least is in Boone (0.49 percent), and Logan (0.64 
percent), counties which are more mountainous.

Urban or built-up land comprises the third larg 
est land use in the basin. Because of the scarcity of 
suitable land, building is concentrated on valley 
floors near rivers and is subject to periodic flooding. 
Built-up land covers 152 mi2 in the Kanawha basin, 
or 3 percent of the total land. Of this, 60 mi2 or 39

percent of the total built-up land is found in Kana 
wha County.

Other land-use classifications such as rangeland, 
water, wetland, and barren land comprise about 5 
percent of the basin area. Of these, surface mines are 
the largest single category and include about 69 mi2 
or 1 percent of the total basin area.

Land use has been described in previous studies. 
The U.S. Army Corps of Engineers prepared a 
detailed assessment of the Kanawha River basin 
(U.S. Army Corps of Engineers, 1971a, 1971b). The 
U.S. Geological Survey (USGS) has mapped land use 
at a scale of 1:250,000 based on color infrared aerial 
photography flown in 1973 (U.S. Geological Survey, 
1976). The maps indicate 37 land-use classifications 
and consist of six types: topographic base, land use 
and land cover, census county subdivision, political 
units, hydrologic units, and federal land ownership. 
These maps are available for viewing at the West 
Virginia Geological and Economic Survey in Mor- 
gantown and can be purchased from the U.S. Geo 
logical Survey in Reston, Virginia. The West Vir 
ginia Geological and Economic Survey has prepared 
a statistical summary of land use based on the USGS 
maps (West Virginia Geological and Economic Sur 
vey, 1979). The bulletin shows acreages and percent 
age of land use for 26 categories by county.



Urbanized land (2.54%) , 

Agricultural land (7.09%)

Active surface mines (1.15%) 

Other land-use classifications (1.02%) 

Statistics not available (2.71%)

Table 2.3-1 Summary of major land-use categories in Area 9.

Land
within Forest Cover 
Area 9 

County (mi2 ) (mi2 )

Braxton

Boone

Clay

Fayette

Greenbrier

Jackson

Lincoln

Kanawha

Logan

Mason

Nicholas

Pocahontas

Putnam

Raleigh

Randolph

Roane

Summers

Webster

*Statistics

242

481

339

663

346

75

47

907

58

197

650

214

295

504

80

246

119

534

not available.

213

446

327

595

278

54

46

812

54

*

568

189

234

423

71

202

102

513

Agricultural Urbanized 
Land Land 
(mi 2 ) (mi2 )

23.7

2.4

11.4

34.1

60.3

20.0

1.1

18.2

0.4

*

59.0

23.2

45.7

39.0

8.1

40.3

19.1

19.6

Modified

2.6

9.7

2.5

19.0

4.0

1.4

.2

59.9

1.8

*

9.8

.6

11.2

22.0

.6

1.6

1.4

3.7

from West Vir$

Active Surface Other Land-Use
Mines Classifications
(mi2 ) (mi 2 )

0.07 1.0

13.10 10

.12 0.15

11.01 8.88

1.47 1.07

0 .85

0 0

2.81 17.2

1.04 .03

* *

5.87 9.56

.33 .34

0 4.15

24.02 . 3.0

7.54 .12

0 - .19

.29 2.34

1.08 1.93

Figure 2.3.1 Land Use of Area 9, in percentage
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2.0 GENERAL FEATURES-Continued
2.4 Soils

Soils in the Area are Mostly Shallow and Poorly Drained

So/7s In most of Area 9 are shallow and poorly drained. Soils are grouped 
into four Land Resource Areas on the basis of distinct patterns of soils, 
slope, erosion characteristics, climate, vegetation, water resources, and

land use.

Soils in Area 9 have been grouped into associa 
tions which are termed Land Resource Areas (LRA) 
by the U.S. Soil Conservation Service (U.S. Soil 
Conservation Service, 1979). A Land Resource Area 
is a geographic area of land characterized by a unique 
combination of soils, slope, erosion characteristics, 
climate, vegetation, water resources, and land use.

Soils in Area 9 are grouped into four Land 
Resource Areas: Eastern Allegheny Plateau and 
Mountains Association (LRA 127), Cumberland 
Plateau and Mountains Association (LRA 125), Cen 
tral Allegheny Plateau Association (LRA 126), and 
Southern Appalachian Ridges and Valleys Associa 
tion (LRA 128). The soil series associations within 
each Land Resource Area are shown in figure 2.4-1. 
A general summary of soil association drainage 
characteristics in Area 9 is given in table 2.4-1.

The Eastern Allegheny Plateau and Mountains 
Land Resource Area (LRA 127) is the largest Land 
Resource Area in Area 9. Soils in LRA 127 are 
mostly shallow and are underlain by impermeable 
shale, siltstone, sandstone, and limestone, and thus 
are usually poorly drained. Most soils are on moder 
ate to steep slopes, and have a high erosion potential 
when vegetal cover is removed by construction, min 
ing, and silvicultural and agricultural operations. 
Mean annual rainfall in LRA 127 ranges from 50 to 
60 inches in the mountainous eastern portion. Be 
cause of the steep slopes and poor drainage, these 
soils are generally unsuited for cropland.

The Cumberland Plateau and Mountains Land

Resource Area (LRA 125) comprises parts of the 
Coal and upper New River basins, that is, most of the 
center of Area 9. Most soils are shallow, and have a 
higher erosion potential where they occur on moder 
ate to steep slopes. Drainage is generally poor due to 
the thin soil mantle and relatively impermeable sedi 
mentary rock types close to the surface. Over 90 
percent of LRA 125 is forested primarily because of 
the rugged terrain with steep, narrow valleys.

The Central Allegheny Plateau Land Resource 
Area (LRA 126) includes soils adjacent to the Ohio 
River in the Pocatalico and lower Coal River basins. 
Soils are moderately deep and are underlain by shale, 
siltstone, sandstone, and some limestone of Pennsyl- 
vanian and Permian age. Surface slopes are slight to 
moderate. More than half the area of LRA 126 is 
described as agricultural land. Very little mining is 
done in this area, as most of LRA 126 lies outside the 
boundary of the Eastern Coal Province.

The Southern Appalachian Ridges and Valleys 
Land Resource Area (LRA 128) includes soils in a 
very small area at the eastern boundary of Area 9. 
This area consists of valleys oriented northeastward 
and separated by steep ridges or mountains. Soils are 
mostly thin and are on very steep slopes. Much of 
LRA 128 lies within the rain shadow which occurs 
east of the Appalachian Mountains, so less rainfall 
occurs in this area than elsewhere throughout Area 9. 
The major soils in LRA 128 generally occur on steep 
slopes and are poorly suited as cropland.
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2.0 GENERAL FEATURES-Continued
2.5 Slope

Topography of the Area is Characterized by Rugged and
Deeply Incised Terrain

Topography of Area 9 is characterized by rugged, deeply incised terrain where
the Appalachian Mountains intersect Area 9 and by gentle slopes near the Ohio River.

Overland slopes ranged from greater than 40 percent in the central part of the
area to 20 to 30 percent near the eastern and western boundaries. The regional
slope of the area gradually dips to the west. The deeply incised valleys form
the drainage network of the major rivers-the Pocatalico, Coal, Elk, Gauley,

Kanawha, and New Rivers.

The topography of Area 9 is primarily mountain 
ous, and is characterized by deep, steep-sided valleys 
and narrow winding ridges. Boone, Kanawha, Web 
ster, Braxton, and Clay Counties are particularly 
mountainous with overland slopes generally exceed 
ing 30 percent. The only relatively flat terrain (slopes 
less than 2.5 percent) is found in Mason County 
along the Ohio River, and in Putnam County near 
the Kanawha River. Land elevation (National Geo 
detic Vertical Datum of 1929) ranges from 4,695 feet 
near Big Spruce Knob at the eastern boundary of the 
area to 560 feet at Point Pleasant, the Kanawha River 
mouth.

Local relief ranges from 800 to over 1,500 feet in 
the eastern part of the area to 300 to 600 feet in the 
western part near the Ohio River. The single most 
impressive topographic feature of Area 9 is the New 
River gorge. This part of the New River valley 
follows a narrow, deeply trenched, irregular, winding 
course from the vicinity of Hinton to Gauley Bridge. 
The deeply incised and dissected valleys in the Ap 
palachian Plateaus physiographic province form the 
drainage network of the major rivers~the Pocatalico, 
Coal, Kanawha, Elk, Gauley, and New Rivers which 
drain Area 9.

Overland slopes are gentlest (20 to 30 percent) 
near the Kanawha River valley in Mason, Putnam 
and Roane Counties, and at the eastern boundary 
adjacent to Greenbrier County (fig. 2.5-1). The

greatest slopes are generally found on both sides of 
the mountainous spine of the Appalachians, which 
trend northeast in the center of the basin. Average 
overland slopes in Boone County generally exceed 40 
percent.

Stream channel slopes are greatest in the areas of 
highest relief. Channel slopes were determined from 
elevation differences and the length of channel be 
tween points corresponding to 10 and 85 percent of 
the distance of stream channel upstream from the 
mouth, according to methods described by Benson 
(1962). Channel slopes of selected streams in Area 9 
are shown in figure 2.5-2. The Elk, Coal, Cranberry, 
and Cherry Rivers have channel slopes that average 
from 60 to 100 ft/mi (feet per mile). The Kanawha 
River, which is divided into a series of four pools by 
dams at London, Marmet, and Winfield on the 
Kanawha River, and Gallipolis on the Ohio River, 
has an average channel slope of less than 1 ft/mi 
from Kanawha Falls to Point Pleasant.

The potential for erosion, earth slides, and exces 
sive stream sedimentation is much greater when land 
slope exceeds 25 percent (West Virginia Community 
Development Division, 1979). Other than along the 
lower Kanawha River valley, most of Area 9 has 
overland slopes exceeding 25 percent, and thus is 
subject to excessive erosion and sedimentation.
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Figure 2.5-1 Mean overland slope, by county Figure 2.5-2 Mean channel slope of major streams

2.0 GENERAL FEATURES-Continued
2.5 Slope



2.0 GENERAL FEATURES-Continued
2.6 Climate

Precipitation Averages Approximately 43 Inches Annually

Precipitation within Area 9 averages about 43 inches annually. Rainfall is 
greatest in mountainous areas and least near the Ohio River where land 
elevation is lower. Prevailing wind direction and surface topography are 
important factors affecting spatial rainfall distribution. Intense rainfalls 
exceeding 4 inches in a 24-hour period are frequent over small drainage 

areas, but are rare over the entire area.

Mean annual rainfall in Area 9 averages 43 in 
ches. Lowest rainfall occurs along the Ohio River, 
and along the southeastern boundary of the area. 
Greatest annual rainfall occurs in the mountain areas 
near the headwaters of the Elk and Gauley Rivers 
near the eastern boundary of the basin (fig. 2.6-1). 
Precipitation during the period April 1979 to March 
1980 (fig. 2.6-2) was somewhat greater than the 
long-teum average, particularly in the mountainous 
areas.

The rainfall distribution in Area 9 is influenced 
by the prevailing westerly wind direction and surface 
topography. As wind currents approach the moun 
tains, they are subject to orographic lifting, which 
acts to trigger potential precipitation or to intensify 
precipitation which may already be occurring. As a 
result, average annual precipitation increases from 
the Ohio River eastward to higher elevations in the 
the Appalachian Mountains. On the other side of the 
mountains there is a well defined rain shadow.

Precipitation is generally greatest in midsummer 
and least in the fall and winter. Annual rainfall 
distribution for some larger cities is shown in figure 
2.6-3. Intense rainfall events exceeding 4 inches in 24 
hours are frequent for small drainage areas, but

rarely occur over the entire Area 9. Isohyetals depict 
ing 10-year, 24-hour rainfall are shown in figure 
2.6-4. For most of the basin the 10-year, 24-hour 
rainfall is approximately 4 inches.

Annual snowfall distribution is more uneven 
than rainfall. Annual rainfall in Area 9 varies from 
about 42 to 66 inches. The mountainous areas near 
the eastern end of the basin receive 5 to 7 times more 
snowfall than the lower elevation areas near the Ohio 
River. At Charleston the snowfall averages 24 inches 
annually compared to about 200 inches at higher 
elevations in the Gauley River basin. Large accumu 
lations of snow are rare due to frequent warm peri 
ods during the winter.

The average annual temperature for the area is 
approximately 52°F, with the highest values occur 
ring in the area near the Ohio River and the lowest 
values in the mountainous region near the eastern 
boundary. Mean January temperature ranges from 
31.4°F at Beckley to 34.5°F at Charleston (fig. 
2.6-3). During the summer, the average daily max 
imum temperatures range from the upper 70's at 
higher elevations to the lower 80's at Charleston.
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3.0 COAL STATISTICS
3.1 Coal Production

Thirty Percent of the West Virginia Coal Output in 1978 
and 1979 Produced From Area

In 1978 and 1979, Area 9 produced nearly one-third of the West Virginia coal
output. About 77percent was produced by underground mining methods.

In 1980,255 surface and 469 underground coal mines operated within Area 9.

West Virginia produced 84.7 million tons of 
bituminous coal in 1978, which made it the nation's 
second largest producer. State coal production in 
1979 increased to 112 million tons, but was less than 
the peak production of 174 million tons mined in 
1947 (fig. 3.1-1) (Dugolinsky and Behling, 1980). 
About 25.6 and 32.7 million tons were produced 
during 1978 and 1979, respectively, by mines within 
Area 9. This represents about 30 percent of the West 
Virginia coal production for the respective periods. 
Most coal (77 percent) was produced by underground 
mining methods in 1978. Active coal mining opera 
tions in Area 9 consisted of 469 underground and 255 
surface mines as of April 1, 1980 (West Virginia 
Department of Mines, 1980; Dugolinsky and Behl 
ing, 1980).

More than 62 coal seams in West Virginia are 
considered to be mineable (12 inches or more in 
thickness), but 75 percent of the production is from 8 
seams (West Virginia Community Development Divi 
sion, 1979). In Area 9 these highly productive seams

include the lower Kittanning (No. 5 Block), Camp 
bell Creek (No. 2 Gas), Sewell, and Winifrede.

Coal production is primarily centered in the 
mountainous terrain of the Appalachian Mountains 
in the central part of the area. The greatest total 
production during 1978 came from Boone, Kana- 
wha, Nicholas, and Raleigh Counties (table 3.1-1).

Coals in Area 9 differ widely in carbon, ash, 
BTU, and sulfur content, and thus, serve different 
industrial uses. The coal-bearing rocks are divided 
into northern and southern fields separated by a 
"hinge line" of coal-poor rocks (fig. 3.1-2). Most 
coal produced in the northern coal field contains 
more than 1.5 percent sulfur, whereas 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 which is utilized by 
the steel industry.
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Figure 3.1-1 Bituminous coal production in West Virginia, 1940-79
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Table 3.1-1 Area 9 coal production, in millions

1978

of tons, for 1978 and 1979

1979
County

Boone

Clay

Fayette

Greenbrier

Kanawha

Logan

Nicholas

Raleigh

Randolph

Summers

Webster

Surface

1,720,401

36,439

646,164

296,582

1,432,026

223,383

780,334

179,102

211,899

0

344,224
 

 

Underground

6,114,338

4,812

1,019,744

372,100

4,169,994

598,631

3,238,486

3,878,602

87,250

11,024

111,620

6,580

156,322

Surface

2,129,594

11,414

780,547

67,164

1,590,829

332,626

1,097,541

152,727

115,375

0

138,842
 

 

Undergroun

9,021,046

6,661

1,195,054

342,138

6,026,039

675,206

3,690,758

4,688,795

165,608

0

1 70,393

92,600

265,534

No data

Figure 3.1-2 Generalized sulfur content of the bituminous coals

Yearly total 25,630,057 32,756,541
3.0 COAL STATISTICS

3.1 Coal Production
Production figures are for mines located within the boundary of Area 9.



3.0 COAL STATISTICS-Continued
3.2 Surface Mines

Surface Mines in Area 9 Produced 6.4 Million Tons of Coal in 1979

During 1979,255 surface mines operated in Area 9, and produced 6.4 million
tons of coal. Most mines are located in Nicholas, Fayette, Kanawha, and 

Boone Counties. The number of surface mines in West Virginia has increased
228 percent between 1975 and 1978.

The number of surface coal mining operations in 
West Virginia has increased from 386 in January 
1975 to 882 as of April 1980 (Welker and others, 
1980). Of these, 255 or 29 percent operate within 
Area 9. In 1979 these mines produced 6.4 million 
tons, which was 20 percent of the area output (West 
Virginia Department of Mines, 1980). The greatest 
number of active surface mines (60) are located in 
Nicholas County. Other counties with substantial 
mining operations include Fayette (54 mines), Kana 
wha (34 mines), and Boone (31 mines). The number 
of active surface mines in counties within Area 9 is 
given in figure 3.2-1.

Surface mining is concentrated in a band about 
40 miles wide trending northeast near the center of 
Area 9. The location of active mining sites is shown 
in figure 3.2-1. Mining is particularly intense in the 
Coal, the upper New, and parts of the Gauley River 
basins. Mines are particularly concentrated near 
Muddlety and Peters Creeks in Nicholas County, and 
near the Little Coal River in Boone County. Many 
mines are located adjacent to or near streams and 
rivers to permit transport of coal by river barge and 
railroad. Most coal moves from the mines by rail or

truck to a terminal near the larger rivers, and by 
barge or rail to the final destination.

Mines, waste piles, and coal preparation plants, 
which are located close to streams and rivers increase 
the potential for serious water-quality impairment if 
improperly treated wastes are discharged. Besides the 
aesthetic aspects of the problem, the discharge of 
untreated or improperly treated wastes has resulted 
in numerous water-quality problems. Some water 
supplies have been degraded by excessive concentra 
tions of iron, manganese, and sulfate to the extent 
that they no longer are potable (West Virginia 
Department of Natural Resources, 1975).

Surface mines are increasing in size as well as in 
number. In 1977, the average mining permit was for 
76.6 acres, whereas in 1979 the mean new permit size 
was 99.6 acres. For the first quarter of 1980 the 
mean size of new permit applications was for 131.5 
acres (West Virginia Department of Mines, 1980). 
According to land-use statistics, about 1 percent of 
the land in Area 9 (approximately 69 mi2) has been 
surface mined in the past.
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Figure 3.2-1 Active surface-mine sites

3.0 COAL STATISTICS-Continued
3.2 Surf ace Mines



3.0 COAL STATISTICS-Continued
3.3 Underground Mines

Underground Mines in Area 9 Produced 26.3 Million Tons
of Coal in 1979

In 1979, the 469 underground coal mines operating in the area produced26.3
million tons of coal. Most mines are located in Boone, Kanawha, Nicholas,

and Raleigh Counties. About 22 percent of Area 9 has been previously mined
by underground methods.

In 1979, 80 percent of the coal production from 
Area 9 (26.3 million tons) was produced by under 
ground mines (West Virginia Department of Mines, 
1980). In April 1980, 469 underground coal mines 
were operating in the area, which was over half of the 
total coal mines in the State. The approximate loca 
tion of the mines is shown in figure 3.3-1.

Underground coal mines are concentrated in 
Boone (113 mines), Kanawha (93 mines), Nicholas 
(70 mines), and Raleigh (58 mines) Counties. The 
distribution of active underground mines in Area 9 is 
shown in table 3.3-1. Very few mines operate in the 
Kanawha River basin downstream from Charleston, 
and in areas near the northern boundary of Area 9. 
Less than 1 percent of the mines are located within 
the Pocatalico River basin, while 40 percent of the 
mines are located in the upper Kanawha and Coal 
River basins.

As is shown in figure 3.3-1, much of Area 9 
(1,330 mi2 or 22 percent) has been previously mined 
by underground methods. The mining is concentrat 
ed in the upper Kanawha, New, and Coal River

basins, along, the Kanawha, Coal, Elk, and New 
Rivers. Historically, mining has been most active 
near the large rivers, permitting the transport of coal 
by river barge.

Underground mining creates large quantities of 
spoil material which are discarded near mine portals. 
The location of some of the larger spoil areas is 
shown in figure 3.3-1 and is a general indicator of the 
extent of past mining activity. Drainage from these 
spoil areas can be acidic and may contain high 
concentrations of iron, manganese, sulfate, magnesi 
um, aluminum, and calcium (Bader and others, 
1980). Some spoil areas have caused stream block 
age, resulting in temporary impoundment of water. 
Sudden collapse of such impoundments has caused 
severe flooding in downstream areas (Runner, 1974). 
The West Virginia Department of Reclamation con 
siders rehabilitation of abandoned spoil areas a high 
priority and estimates that 52,900 acres are unre 
claimed in West Virginia (West Virginia Department 
of Natural Resources, 1980b).
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Table 3.3-1 Distribution of active underground mines in Area 9.

Mining data from West Virginia Department of Natural Resources. 1980
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Major mine refuse disposal site 

Underground mine site 

Area deep mined in one or more coal seams

County

Boone

Braxton

Clay

Fayette

Greenbrier

Kanawha

Lincoln

Logan

Nicholas

Putnam

Raleigh

Randolph

Summers

Webster

Total

Number of active mines 
as of 4-1-80

113

3

10
39
25

93
2

19

70

I 

58

II 

2 

23 

469

Figure 3.3-1 Active underground mines, mine refuse disposal sites, and mined out areas
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4.0 SURFACE WATER
4.1 Surface-Water Monitoring Network

Hydrologic Data Available at 130 Surf ace-Water Locations

The stream flow and surface-water quality monitoring network in Area 9 consists
of 130 continuous-record stations and miscellaneous measuring sites. Daily

streamflow data are collected at 25 gaging stations, and intermittent
stream flow data are collected at 105 sites. Surface-water quality is
monitored on a daily basis at 2 stations, monthly at 23 stations and

less frequently a't 102 sites.

Surface-water quantity and quality data are col 
lected at 130 stations and measuring sites in Area 9. 
Locations are given in figure 4.1-1. The data collec 
tion network provides information needed to de 
scribe the hydrology of the general area and aids 
mine owners and operators, consulting engineers, 
and regulatory authorities in evaluating the hy- 
drologic consequences of mining.

Systematic collection of streamflow data is con 
ducted on a daily basis at 25 gaging stations and 
intermittently at 105 sites. Several types of water- 
quality data are available at all locations. The most 
intensively sampled locations are referred to as trend 
and reference stations (sites 3 and 57, respectively, 
fig. 4.1-1 and section 7.0). Trend stations are intend 
ed to monitor regional water-quality changes in 
mining areas and are located in areas downstream 
from major mining operations. Reference stations 
are located in areas unaffected by mining.

Water-quality data were collected on an hourly 
and daily frequency at two stations and once monthly 
at 23 stations as indicated in figure 4.1-1. Specific 
conductance was measured hourly and suspended- 
sediment concentration once daily at sites 3 and 57. 
Water samples were collected at 23 stations on a 
monthly frequency for the determination of major 
dissolved constituents (calcium, magnesium, sodium, 
bicarbonate, chloride, and sulfate) and for dissolved

and suspended concentrations of iron and man 
ganese. Water temperature, pH, specific conduc 
tance, alkalinity, and acidity were measured on site 
whenever water samples were collected for laborato 
ry analysis.

Intermittent streamflow and water-quality data 
were collected at 105 synoptic sites indicated in figure 
4.1-1. Synoptic sites are ungaged sampling locations 
on small streams with drainage areas generally less 
than 50 square miles. Water sampling has been 
conducted at these sites during 1979 and 1980 under 
moderate to high streamflow conditions. Future 
sampling is planned for low flow. Water samples 
were collected for the determination of major dis 
solved constituents and selected dissolved and sus 
pended trace element concentrations. Water samples 
were collected at synoptic sites (fig. 4.1-1) during 
storms for the determination of suspended-sediment 
concentrations. Certain physical and chemical prop 
erties of water, including water temperature, pH, 
specific conductance, alkalinity, and acidity were 
determined on site.

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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A 24 Continuous record gaging station and number

A 1 Miscellaneous measurement site and number

V44 Quality of water site and number, sampled on a less than monthly frequency

V3 Quality of water site and number, sampled on monthly frequency

$ Inactive site and number

See Section 7.0 for detailed site description

Figure 4.1-1 Surface-water network

4.0 SURFACE WATER
4.1 Surface-Water Monitoring Network



4.0 SURFACE WATER-Continued
4.2 Surface-Water Quantity 

4.2.1 Low Flow

Streamflow Regulation and Geology Affect Low Flow in Area

Unfractured rocks in Area 9, because of their low permeability, do not maintain
streamflow during drought periods. Streams having small drainage areas may go

dry during droughts. Regulation affects low flow in most large rivers
in the area.

Surface rocks in the area, where unfractured, 
store water poorly because of their low primary 
permeability. Thus ground-water discharge to many 
small streams is insufficient to maintain flow during 
drought periods, and many go dry. Low flow is 
affected by many factors, including stream diversion, 
regulation, size of drainage area, surface geology, 
precipitation patterns, wastewater discharge, and 
mining.

A commonly used streamflow characteristic is 
the 7-consecutive-day mean low flow at 10-year 
recurrence intervals (M? 1Q). The probability that the 
actual low flow in any one year will be less than the 
calculated M?10 is equal to the reciprocal of the 
recurrence interval. Thus, the probability is 0.1 that 
the actual low-flow in any one year will be less than 
the calculated M? 1Q .

Low-flow values for selected gaging stations are 
shown in figure 4.2.1-1. Low-flow estimates were 
calculated by fitting low-flow data points to a Log- 
Pearson type III frequency distribution (Hutchinson, 
1975). Drainage areas for the sites range from 2.78 
to 10,419 mi2 . Some of the data represent streamflow 
from non-concurrent time periods and thus, are not 
suitable for comparison between stations.

Streamflow regulation affects discharge in many 
large rivers throughout Area 9. The Kanawha River 
is controlled by dams to reduce the chance of flood 
ing and to augment streamflow during low stream- 
flow periods. Dams at London, Marmet, and Win- 
field provide lowhead power generation and control 
river stage for navigation. Bluestone Reservoir on 
the New River, Summersville on the Gauley, and 
Sutton on the Elk are multipurpose structures operat 
ed for flood control, recreation, and low-flow aug 
mentation. Unregulated flow conditions no longer 
exist on many of the larger rivers in Area 9. Low 
flows in these streams are sustained for significantly 
longer periods of time.

Low-flow characteristics shown in figure 4.2.1-1 
are dependent on homogeneous record for a mini 
mum of 10 years. Any change in the regulation 
pattern would affect streamflow characteristics, in 
cluding low flow. In that event, the M7 10 values 
shown in figure 4.2.1-1 may not be applicable.

Low flows at many ungaged sites within the area 
cannot be estimated due to the effects of diversion, 
wastewater discharge, and drainage from mining 
operations.
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Figure 4.2.1-1 7-day, 10-year low flow for selected sites
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4.2.1 Low Flow



4.0 SURFACE WATER-Continued
4.2 Surface-Water Quantity-Continued 

4.2.2 Flood Flow

Floods Vary with Drainage Area

Difference in drainage-area affects the magnitude and frequency of
floods in Area 9.

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 expressed as a probability of 
occurrence, or recurrence interval. The recurrence 
interval is the inverse of the probability of an event 
occurring in any one year. Thus, the 50-year recur 
rence interval flood would have a 2 percent chance of 
being exceeded in any one year.

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: 

Qi = cAb

where Q{ is the peak discharge in ft3/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. 4.2.2-1), are 
applicable to basins with drainage areas ranging from 
0.3 to 2,000 mi2 . The equations applicable to Area 9 
forQ 1Q,Q50,andQ 100 are

Drainage area 0.3 to 549 mi2 , Q 1Q = 201 A0 - 771 

Drainage area 550 to 2000 mi2 , Q 1Q = 149A0 - 818

Q50 

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

Drainage area 530 to 2000 mi2 , Q5Q = 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 discharges for ba 
sins in Area 9 are shown in figure 4.2.2-2. An 
example of discharge determinations for a given 
basin is also illustrated in figure 4.2.2-2. In the 
example, the Q 10 , Q50, and Q.QQ for a basin with a 
drainage area of 50 mi2 are 4,100, 6,200, and 7,300 
ftVs, respectively.

The graphs and equations presented here should 
not be used to estimate peak flows for sites draining 
urban basins, areas with significant regulation, or 
where drainage areas are less than 0.3 mi2 or greater 
than 2,000 mi2 .
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EXPLANATION 

Geographic regions boundary

Note: The boundary between regions 1 and 2 
is the northern Kanawha River basin divide.

25 50 KILOMETERS

Geographic regions modified from Runner, 1980

BASE FROM U.S. GEOLOGICAL

SURVEY, UNITED STATES BASE MAP, 1980

Figure 4.2.2-1 Relation of Area 9 to flood-frequency geographic regions in West Virginia

100,000

10 100 

DRAINAGE AREA, IN SQUARE MILES

,000 2,000

Figure 4.2.2-2 Relation of 10-year, 50-year and 100-year peak discharges to drainage area
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4.2.2 Flood Flow



4.0 SURFACE WATER-Continued
4.2 Surface-Water Quantity-Continued 

4.2.3 Flood-Prone Areas

Flood-Prone Maps Available for Area 9

The limits of the 100-year recurrence interval flood are delineated on 
61 selected 7 1/2-minute quadrangles in Area 9.

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 delimit 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. Also 
shown on flood-prone maps are areas where U.S.

Geological Survey hydrologic atlases are available, 
areas delineated in greater detail by other federal 
agencies, or inundated areas prior to reservoir con 
struction. In general, the delineated areas are for 
natural stream conditions and give the user a quick 
way of identifying areas of potential flood hazards.

The locations for 61 flood-prone area maps in 
Area 9 are shown on figure 4.2.3-1. Completed 
7 Vi -minute flood-prone area maps are shown with 
the quadrangle name. 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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4.0 SURFACE WATER-Continued
4.2 Surface-Water Quantity-Continued 

4.2.4 Duration of Flow

Streamflow Duration in Area 9 is Affected by Basin Physiography, 
Climate, Streamflow Regulation, and Coal Mining

Flow-duration curves indicate the percentage of time that specific discharges
are exceeded during a given period. The shape of the curve is dependent upon

many basin characteristics, including drainage area, climate, Streamflow
regulation, and land-use activities such as coal mining.

Streamflow-duration curves are cumulative- 
frequency curves that show the percentage of time 
that specific discharges are equaled or exceeded 
during a specified period of time. The curves are 
frequently used to demonstrate Streamflow variabili 
ty. For example, a discharge of about 500 ft3/s 
(cubic feet per second)at Little Coal River at Danville 
(site 116, fig. 4.2.4-1) is expected to be equaled or 
exceeded about 20 percent of the time. Discharges at 
20-30 percent flow duration generally correspond to 
the stream's mean flow. Streamflow occurring at or 
greater than 75 percent duration is generally consid 
ered low flow, while Streamflow occurring at less 
than 10 percent duration is considered to be high 
flow. Streamflow-duration data for selected gaging 
stations in Area 9 (fig. 4.2.4-1) are summarized in 
table 4.2.4-1. Flow-duration data for regulated 
streams is presented separately according to un 
regulated and regulated periods of time. Some of the 
data for streams in table 4.2.4-1 represent Streamflow 
from non-concurrent time periods and thus, are not 
suitable for comparison between stations.

The shape of flow-duration curves is generally 
dependent on drainage area, climate, topography, 
geology, and land use. A steep curve denotes highly 
variable Streamflow derived mainly from direct sur 
face runoff, whereas a flat curve, particularly in the 
low-flow portion, indicates Streamflow derived from 
delayed surface runoff and ground-water storage. 
The flow-duration curve for the Little Coal River at 
Danville (fig. 4.2.4-1) is very steep and nearly linear

from 0.10 to 99.7 percent duration. The curve typi 
cally reflects the limited contribution of ground 
water from storage in the geologic formations under 
lying the basin. The Little Coal River is unregulated 
and drains about 385 mi2 of mountainous, deeply 
incised terrain with slopes generally exceeding 30 
percent. The basin is also heavily mined.

Streamflow regulation affects Streamflow varia 
bility by attenuating flood peaks and augmenting 
Streamflow during periods of low precipitation. The 
effect of regulation on Streamflow duration for the 
Gauley River above Belva (site 48) is also illustrated 
on figure 4.2.4-1. The flow-duration curve repre 
senting regulated Streamflow conditions (1965 to 
present) is substantially flatter than the curve repre 
senting unregulated Streamflow conditions 
(1928-1965). The flatter flow-duration curve at dis 
charges greater than about 12,000 ftVs and less than 
about 30 ftVs typically reflects decreased high flow 
and increased low flow resulting from Streamflow 
regulation. The shape of the low-flow portion of 
flow-duration curves for many small streams drain 
ing intensively mined basins in Area 9 is relatively 
flat. It similarly reflects low-flow augmentation by 
mine drainage contributed to streams during periods 
of low precipitation. The difference between the 
curves from the 3 to 99.5 percent durations reflects 
precipitation differences between unregulated and 
regulated time periods.

30



100,000

10,000 -

§
oo

wPk

I
o 
5
o

w
O

5!
a u
co

1000 -

Little Coal River at Danville, West Virginia (Site 116)

Gauley River above Belva, West Virginia (Site 48)

.05 .1 .2 .5 20 30 40 50 60 70 80 90 95 98 99 99.5 99.9 99.99

PERCENTAGE OF TIME INDICATED DISCHARGE WAS EQUALED OR EXCEEDED 
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Table 4.2.4-1. Flow duration for selected sites in Area 9.

Daily Mean Discharge (ft/s) That Was Equaled or Exceeded 
For Indicated Percentage of Time

Site 
Number

3

35

38

48

52

53

54

57

63

67

80

84

88

98

100

105

109

112

113

114

115

116

119

120

121

124

126

127

128

129

Station Name

Piney Creek at Raleigh

Drawdy Cr. nr. Peytona

Little Coal River at Julian

Gauley River above Belva

Unregulated period

Regulated by Summersville Lake

Big Coal River nr. Alum Creek

North Fork Cranberry River 
nr. Hillsboro

Peters Creek nr. Lockwood

Cranberry River nr. Richwood

Coal River at Tornado

Williams River at Dyer

Poplar Fork at Teays

Elk River at Queen Shoals

Unregulated period

Regulated by Sutton Lake

Pocatalico River at Sissonville

Birch River at Herold

Elk River below Webster Springs

Right Fork Holly River at Guardian

Left Fork Holly River nr. Replete

New River at Hinton

Unregulated period

Regulated by Claytor Lake

Regulated by Bluestone Lake

Elk River nr. Frametown

Unregulated period

Regulated by Sutton Lake

Elk River at Sutton

Unregulated period

Regulated by Sutton Lake

Meadow River near Mt. Lookout

Little Coal River at Danville

Kanawna River at Kanawha Falls

Unregulated period

Regulated by Claytor Lake

Regulated by Bluestone Lake

Regulated by Summersville Lake

Big Coal River at Ashford

Kanawha River at Charleston

Elk River at Clay

Unregulated period

Regulated by Sutton Lake

Gauley River at Camden on Gauley

Cherry River at Fenwick

Collison Cr. nr. Nallen

Granny Creek at Sutton

Station 
Number

03185000

03198450

03199400

03192000

03198550

03187300

03191500

03187500

03200500

03186500

03201410

03197000

03201000

03196500

03194700

03195100

03195250

03184500

03196600

03195500

03190400

03199000

03193000

03198500

03198000

03196800

03187000

03189000

03189650

03195600

Years of 
Record

30

9

5

35

15

5

5

27

19

27

51

13

31

20

55

5

21

5

5

2

10

31

1

20

21

20

14

51

60

10

16

15

60

42

1

19

55

41

11

11

95

2.2

0.3

35

56

170

48

3.6

1.3

9.6

50

9.7

0.2

37

140

0.8

9.5

42

5.2

6.6

2,300

1.600

1,600

27

110

28

83

41

8.7

2,000

1,800

1,700

2,500

15

2,300

32

130

20

6.7

0.1

0.2

90

3.7

0.6

50

130

320

69

5

2.7

19

100

20

0.4

91

220

2.2

14

68

7.9

9.9

2,700

1,900

1,900

64

160

58

110

67

16

2,600

2,200

2,200

3,100

24

2,900

69

190

39

15

0.1

0.4

75

9.1

1.4

100

460

760

140

8.2

7.2

52

290

67

1.2

320

450

14

46

160

19

24

3.800

2.800

2.800

160

380

200

270

170

40

4,200

3,700

3,600

4,800

61

4,900

170

400

120

62

0.4

1.0

70

12

1.8

120

600

910

170

9.5

9.6

64

350

86

1.6

410

550

21

60

190

23

28

4,200

3,200

3,200

220

450

260

350

220

52

4,900

4,200

4,200

5,400

76

5,600

260

480

150

84

0.7

1.4

50

30

4.2

260

1,400

1,700

350

18

25

130

700

180

3.8

960

1.100

73

140

390

43

51

6,300

4,700

5.300

590

840

590

640

450

140

8,400

6.600

7,300

8,400

210

9,300

650

980

330

210

2.1

3.5

25

73

11

630

3,300

3,800

820

39

71

270

1,500

400

9.4

2,400

2,800

260

330

850

110

130

10,000

8,400

9,900

1,400

2,000

1,400

1,400

1,000

410

16,000

12,000

15,000

16,000

610

19,000

1,700

2,500

730

520

5.3

10

10

140

23

1,300

6,400

7,100

1,500

62

160

520

2,800

770

23

4,800

5,600

740

680

1,700

230

260

17,000

15,000

17,000

2,900

4,000

2,600

3,000

1,900

850

28,000

23,000

27,000

28.000

1,300

33,000

3,800

5,000

1,400

1,000

11

23

4.0 SURFACE WATER-Continued
4.2 Surface-Water Quantity-Continued 

4.2.4 Duration of Flow
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4.2 Surface-Water Quantity-Continued 

4.2.5 Mean Flow

Streamflow Varies with Seasonal Precipitation

Mean monthly streamflow is generally greatest in March and lowest in September 
or October. Annual distribution follows seasonal changes in precipitation and 
evapotranspiration. Regulation affects streamflow in many of the larger rivers.

Streamflow in unregulated streams typically 
varies greatly during the year, following the precipi 
tation and evapotranspiration regime. The hydro- 
graph for the Coal River at Tornado (site 63, fig. 
4.2.5-1) is typical of unregulated rivers in the area. 
Monthly mean streamflow at site 63 for the period 
October 1, 1978 to September 30, 1979 was lowest in 
October (87.6 ftVs), which on the average is the 
driest period of the year.

The greatest mean monthly flows usually occur 
during March as a result of snowmelt runoff, in 
creased precipitation, and relatively low evapotrans 
piration. Streamflow during spring and early sum 
mer is usually high as a result of increased thunder 
storm activity. Streamflow recession during late 
summer and early fall results from evapotranspira 
tion losses and decline of precipitation activity. 
During November and December, streamflow usual

ly increases as evapotranspiration decreases and the 
winter rains begin.

Mean annual and mean monthly streamflow for 
selected streams in Area 9 (fig. 4.2.5-2) are given in 
table 4.2.5-1. As shown in the table, some of the 
larger rivers, the Elk, Gauley, New, and Kanawha, 
are affected by streamflow regulation. Streamflow 
regulation usually augments low-flow discharges dur 
ing dry periods, and attenuates flood runoff and 
peak flows produced by significant precipitation 
events. Mean flows of regulated streams are generally 
less variable than those of unregulated streams and 
do not reflect natural streamflow characteristics in 
Area 9. Some of the data for streams in table 4.2.5-1 
represent streamflow from non-concurrent time peri 
ods and thus, are not suitable for comparison be 
tween stations.
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4.0 SURFACE WATER-Continued
4.3 Quality of Surface Water 

4.3.1 Specific Conductance

Specific Conductance of Surface Water in the Area 
is Highest in Mined Areas

Mean specific conductance in surface water throughout Area 9 was 
185 micromhos per centimeter. The lowest mean specific conductance

was in the Gauley River basin.

Specific conductance is a measure of the ability 
of water to carry an electrical current, and by con 
vention is reported at 25°C. Specific conductance is, 
indicative of the quantity of ionized minerals in 
solution and is used as a general indicator of water- 
quality conditions.

Mean specific conductance in surface water at 
102 synoptic sites throughout Area 9 was 185 
/tmhos/cm (micromhos per centimeter). Conductivi 
ty values for all surface-water monitoring sites are 
shown in figure 4.3.1-1. The mean specific conduc 
tance was lowest at synoptic sites in the Gauley River 
basin, 60 ^mhos/cm. The headwaters of the Gauley 
River basin are relatively undisturbed and receive the 
area's greatest amount of rainfall, over 60 inches 
during the period from March 1979 to April 1980. 
The specific conductance of rainfall in the Gauley 
River basin averages less than 10 /imhos/cm and 
effectively dilutes more highly mineralized surface 
waters in the basin, except during extended periods 
of low precipitation.

The highest specific conductance values were 
observed at synoptic sites in the upper Kanawha and 
Coal River basins, averaging 499 and 344 jimhos/cm 
respectively. The higher average specific conduc 
tances observed in the upper Kanawha and Coal 
River basins reflect inflow of highly mineralized 
drainage from extensively and intensively mined

areas in the basins. Mining operations can increase 
the specific conductance of surface water by the 
discharge of highly mineralized mine drainage from 
underground mine portals, spoil piles and by direct 
drainage from coal preparation plants. The average 
specifie conductance of 22 mine drains in southern 
West Virginia was reported to be 735 /imhos/cm 
(James W. Borchers, personal communication, 
1981). The upper Kanawha and Coal River basins 
contain 40 percent of the active coal mines in Area 9.

The Pocatalico River basin has very little coal 
mining or industrial development, yet has fairly high 
average specific conductance in surface waters (182 
/mihos/cm), which is probably the result of brackish 
ground-water seeps, agricultural practices, and lower 
rainfall. Salt deposits underlie much of the Pocatali 
co River basin and many wells have been drilled to 
recover brine. Numerous wells were improperly 
sealed or were uncased. Because the salt-water zones 
are under higher hydraulic head than the overlying 
fresh water, much of,the shallow ground water has 
gradually become salty and has contaminated the 
surface water (Bain, 1970). Another source of high 
specific-conductance water is runoff from croplands 
where fertilizer and other agricultural chemicals have 
been used. Low rainfall in the Pocatalico River basin 
also contributes to generally higher stream specific 
conductances than elsewhere in Area 9.
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Figure 4.3.1-1 Specific conductance
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4.3.2 pH

Surface Water pH in the Area is Generally Neutral to Alkaline

Mining operations have a significant effect on stream pH in Area 9. The median
pH of surface water at 102 synoptic sites throughout Area 9 was 6.9. Streams

in the Gauley River basin were the most acidic, while streams in the Pocatalico
and lower Kanawha River basins were the most alkaline.

pH is a measure of the hydrogen ion [H + ] 
activity in water. It is expressed as the negative 
logarithm (base 10) of the hydrogen ion activity in 
moles per liter. Thus, a solution with [H + ] of 1 x 
10"7 M has a pH of 7. The pH of a 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). In reality, neutral water (pH 7.0) is uncom 
mon because the solution of minerals and gases in 
water affects the pH. Solution of atmospheric CO2 in 
precipitation results in a pH of about 5.6, thus is 
acidic. The solution of CaCCL (limestone) in water 
raises the pH to alkaline conditions (pH > 7.0).

The median pH of surface water at 102 sites 
throughout Area 9 was 6.9 and ranged from 4.3 to 
8.6 units (fig. 4.3.2-1). In general, the median pH 
value measured during synoptic sampling periods at 
monthly water-quality stations approximated the 
median value for the period of record. Streams in the 
Gauley River basin were the most acidic (median pH 
was 6.4). The low pH of most streams in the Gauley 
River basin is probably the result of the low buffering 
capacity of most surface waters (the average alkalini 
ty was 10 mg/L) in conjunction with mine drainage 
in the lower Gauley River basin.

Streams in the Pocatalico and lower New River 
basins were the most alkaline (median pH was 7.3) 
and were more highly buffered (average alkalinities 
were 53 and 42 mg/L, respectively).

Mining can have a significant effect on the pH of 
streams in Area 9. Iron pyrite, FeS2, occurs naturally 
with coal, and along with other mining wastes is 
deposited in spoil piles near mining activities (see fig.

3.3-1 for location of some of the larger spoil piles). 
Once exposed to oxygen, moisture, and autotrophic 
bacteria, pyrite can be oxidized to sulfuric acid as 
follows:

FeS, + 7/20, H2O
bacteria Fe' 2H 2S0 '2

The same reaction occurs in the interior of active and 
abandoned mines, and where coal crops out. Drain 
age can be below pH 3.0 in extreme cases. The 
quantity of acid produced by autotrophic bacteria is 
largely dependent upon the percentage of sulfur in 
the coal and spoil material. Generally, the sulfur 
content of coals in Area 9 increases toward the north. 
Most coal produced near the southern boundary of 
Area 9 contains less than 1.5 percent sulfur. This 
may account for the higher pH values observed in the 
heavily mined Coal and New River basins. Some 
abandoned coal mines in southern West Virginia 
contain near neutral pH water and have been used as 
local domestic water supplies.

Drainage from active underground mines can 
also be alkaline. West Virginia mining regulations 
require a crushed limestone coating on interior mine 
surfaces to lessen the likelihood of coal-dust explo 
sions. The solution of limestone (CaCO3) neutralizes 
acid generated by pyrite oxidation by the overall 
reaction:

CaC0 H2O

HC0

and

H

HCO' + OH'

H2C03
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4.3.3 Alkalinity

Average Alkalinity of Surface Water Lowest in the Gauley
and Elk River Basins

The mean alkalinity of surface water at 102 synoptic sites in Area 9 was 27
milligrams per liter. Mean alkalinity was lowest at synoptic sites in the

Gauley and Elk River basins, and was greatest in the Pocatalico River basin.
Geology, precipitation, and land use affect alkalinity in Area 9.

Alkalinity is the ability of water to resist pH 
change by addition of a strong acid. Alkalinity is 
thus a measure of the buffering capacity of water and 
is due to the presence of carbonate, bicarbonate, and 
hydroxyl ions. Surface water varies widely in al 
kalinity content in Area 9. Rainfall has almost no 
buffering capacity, whereas surface water draining 
limestone areas can have alkalinities exceeding 200 
mg/L (milligrams per liter). Ground water generally 
has the highest alkalinities due to greater dissolved 
carbonate and bicarbonate content, and can exceed 
400 mg/L in parts of Area 9.

The mean alkalinity of surface water at 102 sites 
throughout Area 9 was 27 mg/L and ranged from 0 
to 260 mg/L (fig. 4.3.3-1). In general, alkalinity 
values measured during synoptic sampling periods at 
monthly water-quality stations approximated the 
mean value for the period of record. Streams in the 
Gauley and Elk River basins contained the lowest 
mean alkalinity values, an average of 10 and 12 
mg/L, respectively, for all synoptic sites. Alkalinity 
in Area 9 is affected by a number of interrelated 
factors, including precipitation, geology and land 
use. Because rainfall has almost no alkalinity, it 
dilutes surface waters having higher alkalinity. 
Whatever alkalinity is present in surface water is 
largely acquired by solution of soil minerals, mainly 
limestone (CaCO3) and dolomite (CaMg[CO3],)- 
The generally low alkalinity of surface water in the 
Gauley and Elk River basins illustrates the lack of 
carbonate minerals in those areas at shallow depths 
and effect of dilution by rainfall. According to Hem 
(1970), soils of humid, temperate regions may 
become depleted in calcium carbonate by leaching. 
The headwaters of the Gauley and Elk River basins

received the area's greatest rainfall (generally over 60 
inches during 1979-1980). This suggests that the 
more readily soluble minerals, including calcium 
carbonate, may have been leached from the shallow 
geologic strata to a greater degree in the Gauley and 
Elk River basins than in the western areas of the 
basin, which received less annual precipitation.

Streamflow derived mainly from runoff also 
tends to have low alkalinity values. The headwaters 
of all basins in Area 9 have steep slopes underlain by 
impermeable bedrock. This is evident from the near 
ly straight-line plots of many streamflow-duration 
curves (see fig. 4.2.4-1). Because the contact time of 
the surface rocks with the runoff is fairly short, less 
solution can occur, and the mineral content (thus the 
alkalinity) in headwater streams is very low. In 
general, mean alkalinity values in surface water 
increased toward the west in Area 9. Streams in the 
Pocatalico and lower Kanawha River basins con 
tained the greatest mean alkalinity values, an average 
of 53 mg/L for all synoptic sites. This regional trend 
probably reflects the lesser precipitation and the 
greater abundance of carbonate minerals in this part 
of Area 9.

Land use practices can also affect alkalinity of 
surface water in Area 9. Mining regulations, which 
require the coating of interior mine surfaces with 
crushed limestone, effectively raise the alkalinity of 
mine discharges. However, drainage from aban 
doned mines, mine spoil areas, and coal preparation 
plants can have very low or no alkalinity. In agricul 
tural areas, the addition of lime to soils may increase 
the alkalinity of surface drainage.
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4.3.4 Sulfate

High Sulfate Concentrations Generally Associated with 
Underground Coal Mining

The mean sulfate concentration in surface water for 102 sites in Area 9 was 57
milligrams per liter. Streams in the Gauley River basin contained the lowest

mean sulfate concentration, while streams in the Coal and upper Kanawha River
basins contained the greatest mean sulfate concentration. The major source
of sulfate in the Coal and upper Kanawha River basins is coal mine drainage,

particularly from underground mining operations.

Sulfate is one of the best indicators of coal mine 
drainage and has long been used for that purpose. 
The principal sources of sulfate include the weather 
ing of gypsum (CaSO4) and the oxidation of various 
sulfides such as pyrite (FeS2)>. Coal deposits in 
central and northern West Virginia, and in the north 
ern edge of Area 9 average 1.5 percent sulfur or 
greater (fig. 4.3.4-1). Most other coal deposits in 
Area 9 average 0.5 to 1.0 percent sulfur. Mining can 
have a significant effect on the sulfate concentration 
of streams in Area 9. Iron pyrite, FeS 2 , occurs 
naturally with coal, and along with other mining 
wastes is deposited in spoil piles near mining activi 
ties. Once exposed to oxygen, moisture, and auto- 
trophic bacteria, particularly Thiobacillus and 
Metallogenium, pyrite can be oxidized to sulfuric 
acid as follows:

FeS + 7/2 O
bacteria 

H2O Fe + 2H 2SO4'2

The same reaction occurs in the interior of active and 
abandoned coal mines, and where coal crops out.

The mean sulfate concentration in surface water 
at 102 sites in Area 9 was 57 mg/L (milligrams per 
liter) and ranged from 3.8 to 880 mg/L (fig. 4.3.4-1). 
In general, the mean sulfate concentration measured 
during synoptic sampling periods at monthly water- 
quality stations approximated the mean value for the 
period of record. Samples in the Gauley River basin 
contained the lowest mean sulfate concentration, an 
average of 15 mg/L for all synoptic sites. Within the 
Gauley River basin, sulfate concentrations were low 
est in the basin headwaters, 4-10 mg/L. Very little 
mining occurs in this area. Most mines in the Gauley 
River basin are located near Muddlety and Peters

Creeks and along the Gauley River towards the basin 
outlet (fig. 3.2-1 and 3.3-1). The sulfate concentra 
tion in surface water downstream from these areas 
was generally greater (fig. 4.3.4-1).

Sulfate concentrations for all synoptic sites in the 
Elk and Pocatalico River basins averaged 18 and 21 
mg/L, respectively. Neither basin is heavily mined. 
The Elk River basin makes up 26 percent of the land 
of Area 9, but contains only 12 percent of the active 
coal mines. The Pocatalico River basin has 6 percent 
of the land and less than 1 percent of the coal mines 
in Area 9.

Streams in the Coal and upper Kanawha River 
basins contained the greatest mean sulfate concentra 
tions, 128 and 179 mg/L, respectively, for all synop 
tic data. Both areas have very dense concentrations 
of coal mines, particularly underground mines. 
Together, the Coal and upper Kanawha River basins 
comprise 24 percent of the land, and contain 40 
percent of the active coal mines in Area 9. Most of 
the Coal and upper Kanawha River basins have been 
previously mined by underground methods in one or 
more coal seams (fig. 3.3-1). Underground coal 
mining and its resulting waste is probably responsible 
for most of the high sulfate concentrations in streams 
draining Area 9. A typical example is an area near 
Paint and Cabin Creeks in the upper Kanawha River 
basin. This 90 mi 2 area contains 50 major mine 
refuse piles and has been mined by underground 
methods in about 81 mi 2 , and by surface methods in 
about 18 mi 2 (see inset, fig. 4.3.4-1). Four synoptic 
stream sites are located within the 90 mi 2 area and 
had mean sulfate concentrations ranging from 108 to 
393 mg/L.
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4.3.5 Iron

Iron Concentrations Generally are Highest in Old Mining Areas

Total iron concentrations in surface water averaged 1,700 micrograms per liter 
and ranged from 50 to 260,000 micrograms per liter at synoptic sites in Area 9. 
Streams in the Elk River basin contained the lowest mean total iron concentra 
tion, while streams in the upper Kanawha River basin had the highest total iron 

concentration. The highest total iron concentrations were observed at sites 
near long-established coal mining operations. The majority of iron was 

transported in the suspended phase.

Iron is required to be monitored in mine-dis 
charge effluents under present Federal mining regula 
tions. In-stream water-quality standards for most of 
Area 9 allow a maximum of 1,000 /*g/L (micrograms 
per liter) total iron (a summation of dissolved and 
suspended iron concentrations). A detailed explana 
tion of West Virginia water-quality standards is 
available from the West Virginia State Water Re 
sources Board (West Virginia State Water Resources 
Board, 1980). The limit of 1,000 ^g/L is presently 
exceeded in many streams throughout Area 9.

The mean total iron concentration observed at 
102 sites in Area 9 was 1,700 /*g/L and ranged from 
50 to 260,000 /ig/L.j Dissolved and total iron concen 
trations at water-quality monitoring stations are 
shown in figures 4.3.5-1 and 4.3.5-2, respectively. 
Generally, the mean total and dissolved iron concen 
trations which were measured during synoptic sam 
pling periods at monthly water-quality stations ap 
proximated the mean value for the period of record. 
Streams in the Elk River basin contained the lowest 
mean total iron concentration, an average of 590 
Aig/L for all synoptic sites. By comparison, streams 
in the upper Kanawha River basin contained the 
greatest mean total iron concentration, an average of 
9,800 /-ig/L for all synoptic sites, a difference of more 
than 10-fold.

-\.'

Forty percent of the active coal mines in Area 9 
are contained in the upper Kanawha River basin, 
which has been heavily mined for many years. Dis 
solved iron concentrations, however, did not vary 
appreciably among basins, ranging from a mean of 
50 /xg/L for all synoptic sites in the Coal River basin 
to 140 /tg/L for all sites in the upper Kanawha River 
basin. In general, the concentrations of dissolved 
and total iron at selected monthly monitoring sites 
increased in a downstream direction (fig. 4.3.5-1 and

4.3.5-2). Most of the iron (95 percent) was trans 
ported in the suspended phase under the streamflow 
conditions (generally low to moderate flow) prevail 
ing during the synoptic sampling periods in 1979 and 
1980.

Iron is abundant in rocks of the Pottsville Group 
which underlies the area. It occurs as pyrite (FeS,) 
intermixed with coal seams, and in shale and sand 
stone as oxides and hydroxides. The solubility of 
iron in water is dependent upon a complex redox (Eh) 
- pH relationship, and decreases as pH increases. For 
instance, the solubility of ferrous iron (Fe +2) is 
about 100 times greater at pH 6.0 than at pH 8.0. 
Ferrous iron also becomes more soluble as Eh de 
creases, that is as the redox potential becomes less.

Mining operations typically increase the concen 
tration of iron in surface water in several ways. 
Surface and underground coal mining generate large 
quantities of spoil material, which along with mined 
coal, is deposited on land surface in large piles. The 
spoil material and the mined coal have a greatly 
increased surface area compared with the original 
material, and their placement on land surface ex 
poses the coal and spoil material to weathering by air 
and water. Autotrophic bacteria oxidize the reduced 
sulfur compounds (such as pyrite) to sulfuric acid 
which allows the solution of additional iron con 
tained in the coal and spoil material. Under typical 
conditions, the drainage from spoil piles can contain 
concentrations of Fe +~ exceeding 1,000 mg/L (milli 
grams per liter) at a pH of 2.5 - 3.0. When the 
iron-rich drainage enters a stream, Fe + 2 is quickly 
oxidized to ferric iron (Fe"1" 3), which'is much less 
soluble, and precipitation occurs forming the 
yellowish-red deposits often observed in the stream 
channels near mining areas (fig. 4.3.5-3).
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4.3.6 Manganese

High Manganese Concentrations are Generally Associated with
Old Mining Areas

The mean dissolved manganese concentration in surface water for 102 sites in
Area 9 was 165 micrograms per liter. Streams in the Elk River basin contained

the lowest mean dissolved manganese concentration, while streams in the upper
Kanawha River basin contained the highest. Streams draining old underground

coal mining areas generally had the highest dissolved manganese concentrations.

Manganese is a common trace element in surface 
and ground waters. Manganese is considered an 
essential trace element for plants and animals but is 
reportedly toxic at higher concentrations. For exam 
ple, a mean concentration of 5,700 /zg/L (micro- 
grams per liter) was reportedly toxic to 50 percent of 
Daphnia magna (a freshwater crustacean) in a 3-week 
test (Biesinger and Christensen, 1972). The most 
important mechanism of toxic action is thought to be 
the poisoning of enzymes (Bowen, 1966). West Vir 
ginia in-stream water-quality standards for most of 
Area 9 limit manganese concentrations to a max 
imum of 1,000 /xg/L in surface water (West Virginia 
State Water Resources Board, 1980).

The mean concentration of dissolved manganese 
at 102 surface-water monitoring sites throughout 
Area 9 was 165 /zg/L, slightly more than three times 
the maximum recommended concentration of man 
ganese (50 /ig/L) in drinking water (U.S. Environ 
mental Protection Agency, 1979). Dissolved and 
total manganese concentrations at water-quality 
monitoring sites are shown in figures 4.3.6-1 and 
4.3.6-2, respectively. Generally, the mean concentra 
tions of manganese which were measured during 
synoptic sampling periods at monthly water-quality 
stations approximated the mean value for the period 
of record.

Streams in the Elk River basin contained the 
lowest mean dissolved manganese concentration (an 
average of 78 jxg/L at 29 synoptic sites). Similarly, 
the mean concentrations of dissolved manganese at 
all synoptic sites in the Gauley and New River basins 
were 98 and 100 /xg/L, respectively.

Streams in the upper Kanawha River basin con 
tained the highest mean dissolved manganese concen

tration, an average of 480 /xg/L at 11 synoptic sites. 
The same area contains 40 percent of the active 
underground coal mines in Area 9 and has been 
extensively mined in the past (see fig. 3.3-1). The 
Pocatalico River basin, by comparison, which has 
almost no present or past coal mining, had mean 
dissolved manganese concentrations at synoptic sites 
ranging from 53 to 163 /tzg/L.

Unlike many trace elements, such as iron, man 
ganese is fairly soluble at neutral pH because of the 
formation of stable manganese complex ions (Hem, 
1970). Most of the manganese (87 percent) was 
transported in the dissolved phase under the stream- 
flow conditions (generally low to moderate flow) 
prevailing during the synoptic sampling periods in 
1979 and 1980.

Old mining districts are responsible for much, 
although not all, of the high dissolved manganese 
concentrations in Area 9. Under typical conditions, 
the drainage from spoil piles can contain concentra 
tions of manganese exceeding 1,000 /xg/L. Man 
ganese-rich drainage entering a stream can quickly 
oxidize and precipitate, forming a yellowish-red or 
brownish-black deposit often observed in the stream 
channels near mining areas (fig. 4.3.6-3). An exam 
ple of high manganese in water is in an area near 
Paint and Cabin Creeks in the upper Kanawha River 
basin. This 90 mi2 area contains 50 major mine 
refuse piles and has been mined by underground 
methods in about 81 mi2 , and by surface methods in 
about 18 mi2 (see inset, fig. 4.3.6-1). One or more 
water samples from each of the synoptic sites located 
within the 90 mi2 area yielded concentrations of over 
1,000 /tg/L dissolved manganese.
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4.3.7 Suspended Sediment

Suspended-Sediment Concentrations Vary Widely in Area 9

The highest suspended-sediment concentration range observed at synoptic sites
draining Area 9 was from 0 to 55,900 milligrams per liter; the lowest was from
7 to 351 milligrams per liter. The large variation between the ranges reflects

the difference in land use between the basins.

Land-use activities that drastically alter natural 
erosion and sediment yields include surface mining, 
road construction, silviculture, and agriculture. 
Based on results of studies made in Appalachia by 
the U.S. Environmental Protection Agency (1973), 
Collier and others (1964 and 1970) in Kentucky, and 
Eckhardt (1976) in Pennsylvania, sediment yields 
from active surface mining and road construction 
can range between 27,000 and 66,000 (tons/mi2)/yr 
(tons per square mile per year). The same studies 
indicate that sediment yields from grasslands average 
240 (tons/mi2)/yr; forested lands average 24 (tons/ 
mi2)/yr; and harvested forest lands average 12,000 
(tons/mi2)/yr. In severely mined but unreclaimed 
areas, sediment yields can be as high as 300,000 
(tons/mi2)/yr (Hubbard, 1976).

Locations of selected sediment data collection 
sites in Area 9 are shown in figure 4.3.7-1. In the 
New River basin, suspended-sediment concentrations 
at synoptic sites ranged from 7 to 351 mg/L (milli 
grams per liter) at Laurel Creek at Sandstone (site 4) 
and from 0 to 7,850 mg/L at Piney Creek at Raleigh 
(site 3). In the Gauley River basin, suspended-sedi 
ment concentrations ranged from 0 to 361 mg/L at 
Cranberry River at Richwood (site 57) and from 5 to 
4,660 mg/L at the Gauley River at Williams River 
(site 70). The large difference in maximum 
suspended-sediment concentrations between sites 57 
and 70 reflect differences in land use between the 
basins. Site 57 drains a relatively undisturbed basin, 
whereas site 70 is downstream from many under 
ground and surface coal mining operations.

Suspended-sediment concentrations at Camp- 
bells Creek downstream from Coal Fork (site 60), a 
small tributary to the Kanawha River, ranged from 
16 to 15,700 mg/L. The major disturbance in the 
basin is extensive abandoned and active surface 
mining operations. In the Elk River basin, 
suspended-sediment concentrations in the Little 
Birch River at Little Birch (site 99) ranged from 0 to

55,900 mg/L, the greatest range observed in Area 9. 
Site 99 drains a basin with large areas with agricul 
ture, logging, and coal mining operations. 
Suspended-sediment concentration ranges for other 
sites in the Elk River basin include Laurel Creek at 
Erbacon (site 87) with a range of 2 to 749 mg/L, 
Leatherwood Creek at Bergoo (site 85) with a range 
of 0 to 7,960 mg/L, and Grassy Creek at Diana (site 
95) with a range of 6 to 2,900 mg/L. Sites 85 and 95 
drain areas with large coal mining and logging opera 
tions.

Daily suspended-sediment data available for the 
Coal River at Tornado (site 63) for the period 
1973-1979 have been published in annual U.S. Geo 
logical Survey reports. The data are summarized in 
table 4.3.7-1. Most of the sediment loads were trans 
ported during high flow periods. Suspended-sedi 
ment data at the Kanawha River at Winfield (site 
118) has been collected on a monthly basis since 1974 
as a part of the National Stream Quality Accounting 
Network (NASQAN). The range of suspended- 
sediment concentrations from 57 samples collected, 
for particle-size distribution analysis at this site was 
from 7 to 1,820 mg/L. The particle-size analyses of 
the 57 samples indicate that on the average about 70 
percent of transported sediment at this site is finer 
than 0.062 mm (millimeter); individual particle-size 
distribution samples ranged from 7 to 97 percent 
finer than 0.062 mm. In the Pocatalico River basin, 
suspended-sediment concentrations for 18 Mile 
Creek at White Star School (site 101) ranged from 93 
to 5,780 mg/L. This site is unaffected by coal 
mining, but reflects high suspended-sediment contri 
bution from road construction and agriculture.

The relationship between stream discharge and 
suspended-sediment yields for five selected sites in 
the area are shown in figure 4.3.7-2. Site 118 is the 
outflow site for most of Area 9, whereas sites 85 and 
87 drain smaller basins affected by coal mining oper 
ations. Site 57 drains an undisturbed basin, and site
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Table 4.3.7-1. Maximum daily suspended-sediment concentrations and loads, 
and annual sediment yields at Coal River at Tornado (site 63)

Water 
Year

Maximum Maximum
Daily Sediment Daily Sediment Annual Sediment
Concentration Load Yield

(mg/L ) (tons/day) (tons mi 2 )

1973

1974

1975

1976

1977

1978

1979 

'Partial year

1000

4,000

2,220

4,000

1,030

2,600

3,480

1,850

105,000

106,000

106,000

18,000

124,000

263,000

116,000

100

oi
w
OH 10

Q
_) 
w

118

Period of Record

Suspended - sediment 
concentration range, 
in milligrams per liter

Drainage area, in square 81.2 32.6 
miles

1979-80 1979-80 1979-80 1979-80 1974-79 

0-36 16-15,700 0-7,960 2-749 7-1,820

19.2 36.5 11,809

Q 

Q 
w
OHon 
c/3

60 drains an extensively mined basin. The sediment operations. The illustration indicates that estimated 
yield curves shown in figure 4.3.7-2 are useful for sediment yields at site 60 average about 240 times 
estimating the yields and loads leaving the respective greater than those for site 57 for the same unit area 
basins and may also be used to compare yields discharge range, 2 to 10 (ftVs)/mi2 (cubic feet per 
between basins. A comparison of the sediment yield second per square mile), 
curves for sites 57 and 60 shows that drastic increases 
in sediment production can result from coal mining

.02 
0.1 1 10

557*

787

567

168

520

830

904

I I I

15
STREAM DISCHARGE, IN CUBIC FEET 

PER SECOND PER SQUARE MILE

Figure 4.3.7-2 Relationship between stream discharge and suspended sediment at selected sites

4.0 SURFACE WATER-Continued
4.3 Quality of Surface Water-Continued 

4.3.7 Suspended Sediment



4.0 SURFACE WATER-Continued
4.3 Quality of Surface Water-Continued

4.3.8 Suspended Sediment - Iron Relationship

Iron Transported Primarily by Suspended Sediment Throughout Area 9

Suspended sediment is the major transport mechanism of iron in surface waters
throughout Area 9. Most of the iron is transported during peak streamflows

which occur on several days each year.

Suspended sediment is the major transport mech 
anism for iron in Area 9 because of the low solubility 
of iron in surface water. Chemical analyses of water 
samples collected throughout Area 9 indicate the 
predominance of iron in the particulate (suspended) 
phase. Typically less than 10 percent of the total 
quantity of iron is present in the dissolved phase in 
most surface waters. The remaining fraction of iron 
is transported sorbed to suspended sand, silt, clay, 
and organic material.

The transport of iron is largely a function of the 
surface area of particles in suspension. Surface area 
per unit weight of sediment increases as particle size 
decreases, which means that the finer size fractions 
of sediment (silt and clay fractions) can potentially 
transport a greater quantity of sorbed iron per unit 
weight of sediment than can the coarse fractions of 
suspended sediment (Feltz,' 1980). Using data for the 
synoptic sampling period of August 18-22, 1980, a 
least squares fit of the suspended sediment and total 
iron concentrations leads to the relationship shown in 
figure 4.3.8-1 which can be summarized by the 
regression equation as follows:

[Fe] = 56.6[S]°' 82 

r2 = 0.88

Where [Fe] is the concentration of total iron in 
/xg/L (micrograms per liter),

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

r2 is the proportion of the total variation ex 
plained by the regression equation.

The relation shown in figure 4.3.8-1 may be used 
to estimate total iron loads leaving the basins in Area 
9. Although significant quantities of iron can be 
transported at very low concentrations of suspended 
sediment, the majority of the total iron load is 
transported with suspended sediment during a few 
peak streamflow periods each year. Daily sediment 
loads in the Coal River (site 63) are summarized in 
figure 4.3.8-2. The illustration indicates that the 
majority of the annual suspended-sediment load 
(560,300 of 778,439 tons) at site 63 was transported 
during 17 days of high streamflow ranging from 
3,840 to 29,900 ftVs (cubic feet per second) during 
1979. During a 202-day period of low streamflow 
ranging from 51 to 1,910 ft3/s, less than 1 percent of 
the total annual suspended-sediment discharge oc 
curred. It is estimated that about 12,966 tons of iron 
was transported in suspension by the Coal River in 
1979, most of it (68 percent) on 17 days during 1979.

Suspended sediment in the Kanawha River (site 
121) consists primarily of fine material. During the 
period of 1974-1980, most suspended sediment (70 
percent) consisted of particles finer than 0.062 mm 
(millimeter) in diameter. During 1974-1980 about 80 
tons per day or about 29,200 tons per year of iron 
were transported in suspension in the Kanawha River 
at site 121. A significant part of that load of iron 
may have been derived from sources within the Coal 
River basin.
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5.0 AVAILABILITY OF GROUND WATER

Secondary Permeability is Generally More Significant 
than Primary Permeability.

Movement of ground water is largely by secondary permeability throughout the
area; that is, through fractures, joints, and bedding plane separations. Wells
which penetrate few fractures generally have specific capacities less than 1
gallon per minute per foot of drawdown. Alluvial deposits along the larger

rivers are good sources of water where they are of sufficient thickness.

Permeability is a measure of the degree to which 
liquids move through rock formations. Primary 
permeability is the movement through natural pore 
spaces between rock grains. Surficial rocks in the 
area are largely sandstone, siltstone, and shale which 
were cemented together by the deposition of carbon 
ates or silicates in pore spaces between rock grains. 
The primary permeability is generally low through 
out the area (Wyrick and Borchers, 1981).

Secondary permeability is the movement of liq 
uids through rock fractures, and is generally more 
significant in the area than primary permeability. 
The deposition of cementing material reduces the 
ability of rocks to flex, making them more brittle and 
subject to fracturing. When rocks are eroded from a 
valley, the walls and valley floor are subjected to 
unequal stresses which are relieved by a series of rock 
fractures termed "stress-relief fractures" (fig. 5.0-1). 
These fractures are interconnected and become a 
major means of ground-water movement and storage 
(Wyrick and Borchers, 1981).

The yield to wells in Area 9 is highly variable and 
depends largely on the number of water-bearing 
openings (fractures, joints, and bedding plane 
separations) penetrated by the well. The yields of 
selected household wells in Area 9, expressed in terms 
of specific capacity, are given in table 5.0-1. The well 
locations are shown in figure 5.0-2.

The specific capacity of a well is defined as the 
yield in (gal/min)/ft (gallons per minute per foot) of 
water-level drawdown. Specific capacities are useful 
for comparing the ability of wells to yield water 
regardless of well diameter, pump size, and pumping 
rate. Because the occurrence of water-bearing open 
ings in rocks is variable, wells drilled within a few 
feet from each other can have widely different specif 
ic capacities. Wells penetrating few openings gener 
ally have specific capacities less than 1.0 (gal/min)ft.

Well depth and topography are also important 
factors affecting well yields. Generally, well yield 
increases with well depth. Clark and others (1976) 
determined that valley wells, on the average, yielded 
twice as much water as hillside wells and much more 
than hilltop wells. Wells near the axis of an anticline 
yielded the most water while wells near the axis of a 
syncline yielded the least.

Some of the best yielding wells are located in 
alluvial terrain along valley floors, particularly along 
the lower reaches of the Kanawha River. The thick 
ness of the alluvium is variable, but in the vicinity of 
Charleston it is about 50 feet. Alluvial deposits along 
the New, Gauley, and Elk Rivers are also of suffi 
cient thickness in places to be considered aquifers. In 
other areas alluvial deposits, are either nonexistent or 
too thin to be considered a major source of water.
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Well 
Number

1
2 
3_
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Table 5.0-1 Specific capacity of selected wells in Area 9.

Latitude

38 34 49
38 36 56
38 40 25
38 40 43
38 41 33
38 20 46
38 27 39
38 27 47
38 30 50
38 31
38 21
38 21
38 21

01
01
01
43

38 22 11
38 26 19
37 51
37 51

00
02
19

12 44
13 43

38
38
38
38

17 33
18 58

01
10

37 52
37 52 56
37 53 21
38 08 32
38 09 15
38
38

14 23
15 29
18 44
12 01

38 13 37
38
38
38 21
38 24
37 48 06
37 53 40
37 55 25
37 57 20
37 59 24
38 04 28
38 06 04
38 07 36
38 08 30
38 07 57
37 43 43
37 46
37 49
37 51
37 52
37 56
37 57
37 54 57
37 59 05
37 52 39

14
15
34
30
21
10

Longitude

80 42 34
80 54 41
80 48 22
80 35 27
80 48 55
81 09 47
80 51 51
80 51 41
80 46 17
80 46 59
81 38 05
81 38 05
81 38 56
81 34 28
81 33 14
81 48 27
81 48 28
81 50 18
81 48 04
81 49 23
81 56 51
81 56 52
81 53 56
81 53 30
81 52 10
81 48 41
81 52 31
81 44 29
81 45 50
81 46 49

52 29
53 13
52 14
35 38

81
81
81
81
81 40 20
81 40 51
81 52 55
81 44 17
81 36 29
81
81
81

34 12
35 14
51 22

81 48 54
81 16 52
81 18 30
81 28 27
81 25 02
81 30 48
81 21 13
81 31 15
80 40 53
80 42 59
80 47 58

County

Braxton

Clay

Nicholas 

Kanawha

Logan 

Lincoln

Kanawha

Bo one

Raleigh

Greenbrier 

Fayette

Specific Capacity 
(gal/min)

10.0 
.83

3.
2.
2.

25.
100.

.33
2.33
1.71
2.0

52.
25.

.07

.14

.20

.006
4.8

11.2
.012
.06
.18
.10
.04
.14
.04
.36
.04
.24
.82
.12
.12

2.0
.20
.04
.12
.24
.28
.32
.26
.40
.04

8.4
.62

4.8
5.0
1.0

.12
2.2
2.0
1.0
5.4
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6.0 WATER-DATA SOURCES
6.1 Introduction

NAWDEX, WATSTORE, OWDC Have Water-Data Information

Water data are collected in coal areas by large numbers of organizations 
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 
for 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 6.2, 6.3, and 6.4.
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6.0 WATER DATA SOURCES-Continued
6.2 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 NAWDEX are to assist users of water data in the identification, 
location, and acquisition of needed data. The U.S. Geological Survey manages 

NAWDEX through Survey headquarters in Reston, Virginia, and local assistance
cen ters 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. A central 
Program Office located at U.S. Geological Survey 
national headquarters in Reston, Virginia, provides 
data-exchange policy and guidelines for participants 
(fig. 6.2-1). The major functions of the Program 
Office are to (1) maintain a computerized Master 
Water Data Index (fig. 6.2-2), which identifies sites 
for which data is available and the organization 
responsible for the data; (2) provide access to water- 
data bases held by participants; and (3) maintain a 
Water-Data Sources Directory (fig. 6.2-3) that identi 
fies 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, and through a network of 59 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: 7:45-4:15EST

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 EST
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6.0 WATER-DATA SOURCES-Continued
6.3 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 efficient management of
data-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

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. 6.3-1). 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 on 
a schedule more frequent than daily are stored in this 
file. Rainfall, stream discharge, and temperature
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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 790,000 
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 within 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 chloride. 
Data are recorded on 16-channel paper tape, which is 
removed from the recorder and transmitted over 
telephone lines to the receiver in Reston, Virginia. 
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 niap 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, the 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

Ground-Water 
Site-Inventory File

1

Station Header File

Water-Use File

L
Daily Values File Peak Flow File

I
Water Quality File Unit Values File

Figure 6.3-1 WATSTORE file system
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6.0 WATER-DATA SOURCES-Continued
6.4 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. 
6.4.1): 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-data 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, Areal 
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 a 
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 6.2).



Pacific

Coast

Province

Volume V)

Northern Great Plains and 
Rocky Mountain Provinces 

(Volume III)

Figure 6.4-1 Index volumes and related provinces
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7.0 SURFACE-WATER NETWORK
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Site 
Number Station Name

75

O 
W

H 
W

46 Cherry River at Highway 39/18 Bridge in Richwood, W.Va.
47 North Fork Cherry River at Highway 38/17 Bridge 

in Richwood, W.Va.
48 Gauley River above Belva, W.Va.
49 Twentyraile Creek at Highway 16/3 Bridge at Belva, W.Va.
50 Brier Creek at Highway 18 Bridge at Brounland, W.Va.

51 Bells Creek at Highway 16 Bridge at Dixie, W.Va.
52 Big Coal River near Alum Creek, W.Va.
53 North Fork Cranberry River at Highway 76 Bridge 

at Cranberry River, W.Va. 
(North Fork Cranberry River near Hillsboro, W.Va.)

54 Peters Creek near Lockwood, W.Va.

55 Davis Creek at Highway 23 at Kanawha State Forest, W.Va.

56 Gauley River near Craigsville, W.Va.
57 Cranberry .River near Richwood, W.Va.
58 Trace Fork at Ruth, W.Va.
59 Muddlety Creek at Highway 41 Bridge at Summersville, W.Va.
60 Campbells Creek at Highway 73 Bridge downstream of 

Coal Fork, W.Va.

61 Trace Fork downstream Dryden Hollow at Ruth, W.Va.
62 Big Beaver Creek at Highway 5 Bridge at Craigsville, W.Va.
63 Coal River at Tornado, W.Va.

64 Williams River at Highway 135 Bridge near 
Handley P H A, W.Va.

65 Davis Creek upstream from Trace Fork at Davis Creek, W.Va.

66 Blue Creek at Highway 57 Bridge at Sanderson, W.Va.
67 Williams River at Dyer, W.Va.
68 Brushy Fork at Highway 19 Bridge at Hookerville, W.Va.
69 Sycamore Creek downstream Charley Bridge near Indore, W.Va
70 Gauley River at Highway 46 Bridge at Williams River, W.Va.

71 Old Field Fork at Highway 219/1 Bridge near 
Slatyfork, W.Va.

72 Middle Creek at Highway 16 Bridge upstream from 
Hartland, W.Va..

73 Hurricane Creek at Highway 48 Bridge near Hurricane, W.Va.
74 Big Spring Fork at Highway 219 at Slatyfork, W.Va.
75 Gauley River at Highway 42 Bridge at Jerryville, .W.Va.

76 Blue Creek at Private Bridge near Blue Creek, W.Va.
77 Robinson Fork at Highway 15/4 Bridge near Enoch, W.Va.
78 Buffalo Creek at Railroad 8 1000 ft. upstream 

Robinson Fk., W.Va.
79 Buffalo Creek at Highway 11/9 Bridge at Clay, W.Va.
80 Poplar Fork at 1-64 Bridge at Mount Vernon, W.Va. 

(Poplar Fork at Teays, W. Va.)

81 Falling Rock Creek at Highway 58 at Falling Rock, W.Va.
82 Little Sandy Creek at Highway 39 at Wills, W.Va.
83 Birch River at..Highway 44 Bridge at Boggs, W.Va.
84 Elk River at Queen Shoals, W.Va.

85 Leatherwood Creek at Highway 26/4 Bridge at Bergoo, W.Va.
86 Frog Creek at Highway 30 Bridge near 

Camp Virgil Tate, W.Va.
87 Laurel Creek at Highway 9 Bridge at Erbacon, W.Va.
88 Pocatalico lUver at Sissonville, W.Va.

89 Big Sandy Creek downstream Little Blue Creek near 
Clendenin, W.Va.

90 Lefthand Creek at Highway 119/3 Bridge 
near Clendenin, W.Va.

91 Groves Creek at Railroad Bridge at Groves, W.Va.
92 Middle Fork at Highway 42 Bridge near Romance, W.Va.
93 Strange Creek at Highway 40 near Strange Creek, W.Va.
94 Pocatalico Creek at Route 21 Bridge near Romance, W.Va.
95 Grassy Creek at Highway 20 Bridge at Diana, W.Va.

96 Sugar Creek upstream from Little Sugar Creek 
near Skelt, W.Va.

97 Little Sugar Creek at Highway 18/3 near Skelt, W.Va.
98 Birch River at Herold, W.Va.
99 Little Birch River at Highway 40/15 near 

Little Birch, W.Va.
100 Elk River below Webster Springs, W.Va.

101 18-mile Creek at Highway 6 Bridge at 
White Star School, W.Va.

102 Cherry Fork at Highway 5/3 Bridge near Paradise, W.Va.
103 18-Mile Creek at Highway 5 Bridge near Paradise, W.Va.
104 Left Fork Holly River downstream Fall Run near 

Hacker Valley, W.Va.
105 Right Fork Holly River at Guardian, W.Va.

106 Pocatalico River at Highway 119 Bridge at Walton, W.Va.
107 Flat Fork at Highway 32 Bridge at Ryan, W.Va.
108 Laurel Fork at Highway 3 at Hacker Valley, W.Va.
109 Left Fork Holly River near Replete, W.Va.
110 Mudllck Fork at Highway 35/10 Bridge at Elrawood, W.Va.

111 Poplar Fork at Highway 35/10 Railroad at Capehart, W.Va.
112 New River at Hinton, W.Va.
113 Elk River near Frametown, W.Va.

114 Elk River at Sutton, W.Va.
115 Meadow River near Mt. Lookout, W.Va.

116 Little Coal River at Danville, W.Va.
117 Coal River at Alum Creek, W.Va.

118 Kanawha River at Wlnfield Darn, W.Va.

119 Kanawha River at Kanawha Falls, W.Va.

120 Big Coal River at Ashford, W.Va.

121 Kanawha River at Charleston, W.Va.

122 Gauley River below Summersville Dam, W.Va.
123 New River at Bluestone Dam, W.Va.

124 Elk River at Clay, W.Va.
125 Twenty-Mile Creek at Highway 20/1 Bridge near 

Vaughan, W.Va.

126 Gauley River at Camden on Gauley, W.Va.

127 Cherry River at Fenwick, W.Va.

128 Collison Creek near Nallen, W.Va.

129 Granny Creek at Sutton, W.Va.

130 Rock Creek near Danville, W.Va.

a Continuous record stations only.
b Intermittent data.
c Stage only, no discharge

Drainage 
Area 
(sa. Station

Latitude

38

38
38
38
38

38
38

38

38

38

38
38
38
38

38

38
38
38

38
38

38
38
38

, 38
38

38

38
38
38
38

38
38

38
38
38

38
38
38
38

38

38
38
38

38

38

38
38
38
38
38

38
38
38

38
38

38
38
38

38
38

38
38
38
38
38

38
37
38

13

13
1A
14
14

14
15

15

15

16

17
17
18
18

18

18
19
20

20
20

21
22
23
23
23

23

24
24
24
25

26
26

27
27
27

27
27
28
28

29

30
31
31

31

31

33
33
33
33
33

34
34
34

34
35

37
37
37

38
38

38
38
39
41
41

42
40
35

18

47
00
13
22

57
00

27

40

53

30
45
30
39

54

55
42
20

27
32

45
45
08
08
14

22

17
42
58
17

16
50

00
16
23

37
47
11
20

02

58
08
35

37

50

23
28
33
33
36

10
12
29

44
50

18
22
41

04
08

17
32
12
19
42

47
15
34

Longitude ml.)

80

80
81
81
81

81
81

80

81

81

80
80
81
80

81

81
80
81

80
81

81
80
80
81
80

80

81
81
80
80

81
80

80
81
81

81
81
80
81

80

81
80
81

81

81

80
81
80
81
80

80
80
80

80
80

81
81
81

80
80

81
81
80
80
81

81
80
80

31

31
10
11
46

11
47

19

01

38

38
31
43
50

32

43
39
50

13
42

21
29
48
09
31

07

06
59
07
18

26
55

55
04
55

23
30
38
17

17

42
35
37

18

20

57
37
53
38
27

18
18
48

44
29

54
48
48

19
27

24
28
22
26
51

52
53
53

59

29
45
09
17

34
54

25

20

32

30
40
40
09

04

42
56
29

58
34

52
05
29
19
11

42

40
35
09
15

41
25

23
01
54

25
00
33
10

59

38
19
50

55

24

40
32
40
05
06

20
22
04

04
20

28
50
34

22
58

07
23
53
01
11

54
40
06

86

36
1315

85
15

31
442

9

40

7

528
81

2
51

32

4
29

861

51
35

50
130

7
27
75

22

7
9

21
27

78
16

22
113

8

24
28
16

1145

19

9.
36.

238

93.

27.

13.
29.
27.
32.
19.

13
7

124

27
268

64
14
20

12
51

54
25
11
48
15

28
6,257

752

.6

.4

.2

.8

.6

.97

.2

.09

.2

.82

.0

.6

.72

.5

.6

.8

.1

.57

.1

.3

.9

.58

.11

.1

.3

.0

.6

.4

.71

.6

.2

.3

.2

96
5

4

8

8
2
6
7
4

.9

.29

.2

.47

.0

.4

.1

.1

.2

.7

.5

.1

.9

.8

Number

03192000

03198550

03187300

03191500

03189100
03187500
03198020

03198022

03200500

03136500

03201410

03197000

03201000

03196500

03194700

03195100

03195250

03184500
03196600

Discharge

1979-80

1979-80
1928-80
1979-80
1979-80

1979-80
1974-80

1969-71,
1980

1945-71
1979-80
1979-80

1964-80
1979
1980
1979-80

1979-80

1980
1979-80
1908-11, 1911-12
1928-31,
1961-80

1979-80
1979-80

1979-80
1929-80
1979-80
1979-80
1979-80

1979-80

1979-80
1979-80
1979-80
1979-80

1979-80
1979-80

1979-80
1979-80
1967-77,
1979-80

1979-80
1979-80
1979-80
1928-80

1979-80

1979-80
1979-80
1906-16, 1930-31
1937-78, 1979

1979-80

1979-80

1979-80
1979-80
1979-80
1979-80
1979-80

1979-80
1979-80
1974-75,
1978-80
1979-80
1959-80

1979-80
1979-80
1979-80

1979-80
1974-78, 1978-79 C

1979-80
1979-80
1979-80
1979-80 C
1979-80

1979-80
1936-80
1958-80

Chemical
Quality Sediment

1979-80

1979-80
1975-80
1979-80
1979-80

1979-80
1979-80

1979-80

1979-80

1979-80

1976-80
1976,1978-80

1980
1979-80

1980

1980
1979-80

1972-80

1979-80
1979-80

1979-80
1976-80
1979-80
1979-80
1979-80

1979-80

1979-80
1979-80
1979-80
1979-80

1979-80
1979-80

1979-80
1979-80
1979-80

1979-80
1979-80
1979-80
1961-75,
1979-80
1979-80

1979-80
1979-80

1978-80

1979-80

1979-80

1979-80
1979-80
1979-80
1979-80
1979-80

1979-80
1979-80
1979-80

1979-80
1968-80

1979-80
1979-80
1979-80

1979-80
1974-79

1979-80
1979-80
1979-80
1979-80
1979-80

1979-80
1975-80
1960-66,

1980 b

1980 b
1980 b
1980b
1980 b

1980 b
1980 b

1980 b

1980 b

1980 b

1980 b
1979-80
1980
1980 b

1980 b

1980
1980 b

1972-80

1980 b
1980 b

1980 b
1980 b
1980 b
1980 b
1980 b

1980 b
1980 b
1980 b
1980 b

1980 b
1980 b

1980 b
1980 b
1980 b

1980 b
1980 b
1980 b

1980 b
1980 b

1980 b
1980 b

1980 b

1980 b

1980 b

1980 b
1980 b
1980 b
1980 b
1980 b

1980 b
1980 b
1980 b

1980 b
1980 b

1980 b
1980 b
1980 b

1980 b
1980 b

1980 b
1980b
1980 b
1980 b
1980 b

1980 b
1980 b

1967. 1971-

38
38

38 
38

38

38

38

38

38
37

38
38

38

38

38

38

38

39
11

04 
17

31

08

10

22

13
38

27
19

21

13

10

40

06

45
25

47 
11

32

20

45

10

00
35

36
27

55

45

35

36

01

80
80

81 
81

81

81

81

81

80
80

81
81

80

80

80

80

81

42
56

50 
48

54

12

42

42

53
53

05
01

36

35

52

42

49

35
55

12 
25

40

45

40

05

30
00

15
17

05

00

07

47

48

543
365

270 
835

11,809

8,367

393

10,419

804
4,604

994
19

236

150

2

6

.20

.78

.98

12.2

03195500
03190400

03199000 
03199700

03201300

03193000

03198500

03198000

03189600
03180000

03196800

03187000

03189000

03189650

03195600

03199300

1938-80
1966-80

1930-80 
1974-79
discontinued
1957-1970,
1974-80
1916-18, 1927-28
1977-80
1908-16,
1930-80
1939-80

1966-80
1923-69
1975-80
1979-80 C
1979-80

1908-16,
1929-75
discontinued
1929-69,
1979-80
1966-77
discontinued
1967-77
discontinued
1978-79

1980
1960-80
1975-80

1972-80

1974-80
1956-70
1974-80
1957-66
1968-80

1973-80
1953-70
1971-80
1974-80
1953-67 ,
1969-80,
1979-80
1979-80

1979-80

1975-78
1975-77

1978-79

1980 b
1980 b
1980 b

1974-80

1974-80

1973-80

1980 b

1980 b
1980 b
1980 b

1980b
1980 b
1980 b

1980 b

1980 b
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