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

For the convenience of readers who may want to use International System of Units (S1),
the data may be converted by using the following factors:

Multiply inch-pound units

inches (in)

inches per hour (in/h)

feet (f1)

feet per mile (ft/mi)

miles (mi)

square miles (mi?)

gallons per minute (gal/min)

million gallons per day (mgal/d)

cubic feet per second (ft*/s)

cubic feet per second per
square mile [(ft*/s)/mi? |

tons per square mile per
year [(tons/mi®)/yr]

micromhos per centimeter at
25° Celsius (umho/cm at 25°C)

254

254
2.54

0.3048
0.1894
1.609
2.590
0.06309

0.04381
3.785

0.03753

100

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 (km?)
liters per second (L/s)

cubic meters per second (m?/s)
cubic meters per day (m?/d)

cubic meters per second (m?/s)

cubic meters per second per
square kilometer [(m?/s)/km?

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

microsiemens per meter at 25°
Celsius (uS/m at 25°C)






HYDROLOGY OF AREA 16,
EASTERN COAL PROVINCE,

VIRGINIA AND
TENNESSEE

BY
PETER W. HUFSCHMIDT AND OTHERS

ABSTRACT

The Eastern Coal province is divided into 24 hy-
drologic reporting areas. Area 16 is in the center of
the eastern edge of the Eastern Coal province and is
drained by the Clinch and Powell Rivers which are
tributary to the Tennessee River. The drainage area
of Area 16is 2,912 square miles.

The hydrology and water quality of the coal min-
ing area of southwest Virginia have recently been
studied. This is the first report from Virginia and
part of a series of reports on the hydrology of the
Eastern Coal province being prepared by the U.S.
Geological Survey, Department of the Interior. The
report describes the surface-water hydrology and wa-
ter quality in single topic units with accompanying
maps and figures.

Area 16 is underlain by the Lee, Norton, and
Wise Formations of Late Mississippian and Pennsyl-
vanian age and rocks of Mississippian, Devonian,
Silurian, Ordovician, and Cambrian age. Coal-

bearing strata are in the Lee, Norton, and Wise For-
mations along the western edge of the Clinch and Po-
well River valleys.

The climate is classified as central temperate with
an average rainfall of 47 inches. Forest cover and
agriculture dominate land use. Surface mining usual-
ly represents less than 10 percent of the surface cover-
age in the study basins.

This report should begin to provide coal opera-
tors and consultants with the overall picture of
streamflow and water quality on a regional basis.

The U.S. Geological Survey operates a hydrolog-
ic network of 67 surface-water data-collection sta-
tions. Information collected at these stations in-
cludes data on streamflow and water-quality parame-
ters. These data are available through the National
Water Data Exchange (NAWDEX).



1.0 INTRODUCTION
1.1 OBJECTIVE

AREA 16 REPORT SUBMITTED IN
SUPPORT OF PUBLIC LAW 95-87

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

This report provides broad hydrologic informa-
tion, using a brief text with an accompanying map,
chart, graph, or other illustrations 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, oper-
ators, and consulting engineers in the preparation of
permits and regulatory authorities in appraising the
adequacy of permit applications.

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 on August 3, 1977. The Act estab-
lished a new Federal agency, Office of Surface Min-
ing Reclamation and Enforcement (OSM), within the
U.S. Department of the Interior, whose function is to
set guidelines for controlling the adverse effects of
coal mining on the environment. The act provided
for establishment of State-level regulatory authorities
to administer and enforce State laws meeting the Fed-
eral guidelines. Further provided in the Act is the
backup provision that if no satisfactory State pro-
gram is developed the Federal regulations will be en-
forced by OSM.

In recognizing the potentially adverse impact
that coal mining may have on water resources, Public
Law 95-87 requires (1) that each mining-permit appli-
cant make an analysis of the potential effects of the
proposed mine on the hydrology of the mine site and
adjacent area, (2) that "an appropriate Federal or
State agency” provide to each mining-permit appli-
cant "hydrologic information on the general area pri-
or to mining,” and (3) that measures be taken by min-
ing permittees to control adverse effects of mining on
the "hydrologic balance” and reclamation of the
land.

This report broadly characterizes the hydrology
of Area 16 in Virginia and Tennessee. The hydrolog-
ic 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 hydrolog-
ic information will be supplemented by the lease
applicant’s specific site data as well as data from oth-
er sources to provide a more detailed picture of the
hydrology of the area in the vicinity of the mine and
the anticipated hydrologic consequences of the min-
ing operation.
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1.0 INTRODUCTION (Continued)
1.2 PROJECT AREA

HYDROLOGY AND WATER RESOURCES DESCRIBED
FOR AREA 16 IN VIRGINIA AND TENNESSEE

This report describes the hydrology and water
resources in Area 16 in the center of the
Eastern Coal province in Virginia and Tennessee.

The Eastern Coal province is divided into 24 hydro-
logic reporting areas (facing page). Hydrologic units
(drainage basins) or parts of units are combined to form
each area.

Area 16 includes parts of Wise, Lee, Scott, Russell,
and Tazewell Counties in Virginia, and Campbell,
Anderson, Union, Grainger, Claiborne, and Hancock
Counties in Tennessee. Area 16 lies within the Tennes-
see River basin along the eastern edge of the Appala-
chian Coal basin. The surface drainage of Area 16 is
2,912 square miles.

The coal-producing western part of Area 16 is in the
Appalachian Plateau physiographic province.  The
eastern part lies within the Valley and Ridge province.

The area encompasses the upper part of the Clinch
River basin from its source in Virginia to Norris Lake, in
Tennessee, and the Powell River basin from its source in
Virginia to Norris Lake. The Guest River and the North
Fork Powell River are major subbasins tributary to the
Clinch and Powell Rivers, respectively.
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2.0 GENERAL FEATURES
2.1 GEOLOGY

CAMBRIAN THROUGH PENNSYLVANIAN-AGE
SEDIMENTARY ROCKS UNDERLIE AREA 16

Sedimentary rocks that range in age from Cambrian
through Pennsylvanian underlie most of Area 16.
The economically important coal beds occur only in
the Pennsylvanian rocks.

The Clinch and Powell River basins of southwest
Virginia and northeast Tennessee lie in the Appala-
chian Plateau and the Valley and Ridge physiograph-
ic provinces (Fenneman, 1938). These provinces are
characterized by rugged and mountainous topogra-
phy consisting of deep V-shaped valleys with steep
slopes and narrow, winding ridges. These surficial
features have been etched out of the extensive strata
of sedimentary rocks, which range from Cambrian
through Pennsylvanian age.

The rock formations of Area 16 are highly de-
formed into arches (anticlines) and troughs
(synclines) with few areas of horizontal strata. Faults
displace the strata in many areas. These folded and
faulted structures are due to the strong horizontal-
compressional forces acting on the region since late
Paleozoic time.
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2.0 GENERAL FEATURES (Continued)
2.2 PHYSIOGRAPHY

AREA 16 LIES WITHIN TWO
PHYSIOGRAPHIC PROVINCES

Area 16 lies within two physiographic provinces:
Appalachian Plateau, and Valley and Ridge.

Area 16 lies within the Appalachian Plateau and
Valley and Ridge physiographic provinces (Fenne-
man, 1938).

The part of Area 16 underlain by the coal-bear-
ing Pennsylvanian sedimentary rocks lies within the
Appalachian Plateau. Both the Clinch and Powell
Rivers drain the eastern border of this broad plateau

which is characterized by steep valleys and rough ter-
rain.

East of the Appalachian Plateau lies the Valley
and Ridge province. The parallel valleys and ridges
of this province extend from central Alabama north-
eastward to northern Pennsylvania. The Clinch and
Powell Rivers, which lie in parallel valleys, drain into
the Tennessee River to the southwest.
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2.0 GENERAL FEATURES (Continued)

Base from U.S. Geological Survey

State base map, 1:500,000 2.2 PHYSIOGRAPHY




2.0 GENERAL FEATURES (Continued)
2.3 SOILS

SOILS ARE FORMED IN PLACE AND
REFLECT UNDERLYING ROCK TYPE

Soils on steep to moderate slopes are usually
formed on acid shale and sandstone. Gently
sloping soil on uplands and in valleys are
usually formed on limestone.

Soils in Area 16 generally have moderate to high
permeability, moderate acidity, and moderate to high
erosion potential. Factors influencing the usefulness
of a soil include texture, soil depth, permeability,

slope, fertility, and vegetative cover. Increased ero-

sion often results from the removal of vegetation
during surface mining, road construction, and other
disruptive activities.

The general soil map shows the distribution of
the three soil associations (USDA, SCS, 1979). The
soils formed on mountains include the DeKalb-

Berks-Weikert soils and are characterized as steep to
very steep soils formed mainly in residuum on acid
sandstone, shale, and phyllites. Soils formed on up-
lands of dissected valleys include the Calvin-Berks
soils and are characterized as gently sloping to steep

soils formed in residuum on acid shale. Soils formed

on uplands in limestone valleys include the
Frederick-Elliber soils and are characterized as gently
sloping to steep soils formed in residuum on lime-
stone, sandstone, and shale.
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GENERAL SOIL ASSOCIATIONS

Dekalb—Berks—Weikert

Calvin—Berks

Frederick—Elliber
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2.0 GENERAL FEATURES (Continued)
2.4 PRECIPITATION AND CLIMATE

MODERATE CLIMATE CHARACTERIZES AREA 16

The climate of Area 16 is characterized by
moderate temperatures and average annual
precipitation of 47 inches.

Most of the area’s rainfall is derived from warm,
moist air masses moving northward from the Gulf of
Mexico. Precipitation develops as these air masses
cross the Appalachian Mountains and meet cooler
northern air circulating in a counterclockwise direc-
tion. As the storms move eastward, they leave more
precipitation in the western part of the area than in
the eastern part. The southern part of the area also
receives more rainfall than the northern part. The net
effect is a precipitation gradient decreasing from
about 50 inches in the southwest to 38 inches in the
northeast (Tennessee Valley Authority, 1977; Na-

12

P

tional Oceanic and Atmospheric Administration,
1979).

The average temperature for Area 16 is 53°F.
Annual high temperatures of between 90°F and
105°F occur from July through September, and an-
nual low temperatures of from 0°F to -23°F occur
from December through February.

The climate and distribution of precipitation are
strongly affected by the topography, with large varia-
tions in rainfall and temperature occurring through-
out the area.
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2.0 GENERAL FEATURES (Continued)
2.5 LAND USE AND LAND COVER

FOREST LAND DOMINATES
AREA 16

Forested land dominates Area 16, and about
one-fourth of the area is used for agri-
cultural purposes. Past and present surface
mining activity covers a very small part of
the basins studied, less than 5 percent of
the total study area.

Six land-use categories were identified for Area
16 and are shown in table 2.5-1. The percentage of
surface-mined land in individual subbasins is shown
in figure 2.5-1 (Source: S.W. Virginia 208 report,
1978).

Surface-water flow, ground-water recharge, and
quality may be controlled by the predominant land
use. Changes in land use may adversely affect the hy-
drologic interactions in an area. Understanding the
distribution of different land uses aids understanding
of existing water data. For example, surface mining
previously forested land will result in the removal of
vegetative cover, allowing faster runoff and in-

14

creased erosion and sediment loading. Road con-
struction, timber harvesting, and field preparation
for cropland are similar activities that may increase
sedimentation. Conversely, revegetation of surface-
mined land may reduce runoff, increase infiltration,
and reduce sediment loading.

Land-use and land-cover maps and information
may be found in U.S. Geological Survey open-file re-
ports entitled “Land Use Series.” Information on the
series is available from the National Cartographic In-
formation Center, U.S. Geological Survey, National
Center, Reston, Virginia 22092.

a
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TABLE 2.5-1 Land use, percentage of drainage area.
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3.0 HYDROLOGIC DATA COLLECTION NETWORKS

3.1 SURFACE WATER

SURFACE WATER NETWORK OF AREA 16
CONSISTS OF 67 STATIONS

The current surface-water hydrologic data collec-
tion network in Area 16 consists of 67 stations,
of which 9 are continuous-record gaging stations
and 58 are partial-record stations.

The hydrologic data collection network in Area
16 was established in 1979 in order to provide infor-
mation required by Public Law 95-87. To provide
both spatial and temporal distribution of water data,
67 data collection stations were established on
streams and rivers. Temporal information is defined
through the operation of 9 continuous-record gaging
stations at which river-stage data are recorded con-
tinuously and water-quality data are collected
monthly. These stations are on major rivers draining
Area 16. Spatial variability of streamflow and water
quality are obtained from 58 partial-record stations
which are sampled quarterly. These stations are on
headwater streams (at 1:500,000 scale) and are sam-

16

pled on a synoptic basis. Synoptic sampling involves
intense area-wide coverage during a short period of
time. The facing map shows the location of stations
within the hydrologic data collection network of
Area 16.

Further information about the period of record
and type of data, as well as the actual data, is availa-
ble from computer storage through National Water
Data Exchange (NAWDEX) and in published annual
U.S. Geological Survey reports "Water Resources
Data for Virginia” and "Water Resources Data for
Tennessee.”

A
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EXPLANATION

5320 Station number
0 Continuous—record gaging station and quality—of—water site
0 Quality—of—water site and measurement of discharge
without a gage (synoptic sampling site)
N Chemical—measurement site
w Temperature—measurement site
v Sediment—measurement site
v Biological-measurement site
NOTE:

Station numbers abbreviated, first two digits (03) and last two digits (if zeros) are omitted.

Examples; Station number 03532100 shown as 532 |5 Station number 03530485 shown

as 5304.85.
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3.0 HYDROLOGIC DATA COLLECTION
NETWORKS

3.1 SURFACE WATER




3.0 HYDROLOGIC DATA COLLECTION NETWORKS (Continued)
3.2 GROUND WATER

GROUND-WATER INFORMATION IS
SCANT IN AREA 16

The U.S. Geological Survey does not currently

operate observation wells in Area 16. Ground-

water information is available from the Virginia
State Water Control Board and local public health

departments.
The observation well network operated by the area. Ground-water information used in this report
U.S. Geological Survey in Virginia and Tennessee was obtained from the Virginia State Water Control
does not extend into Area 16. To date the Survey has Board and from local public health departments.

conducted no extensive ground-water studies in this

o



For further information contact:

Virginia State Water Control Board
2109 N. Hamilton Street
Richmond, Virginia 23219

(804) 786-3551

Virginia State Department of Health
109 Governor Street
James Madison Building
Richmond, Virginia 23219
(804) 786-3551



4.0 SURFACE WATER
4.1 STREAMFLOW CHARACTERISTICS

SEASONAL VARIATION IN RAINFALL AND
EVAPORATION AFFECTS STREAMFLOW

Seasonal variations in rainfall and evapotrans-
piration cause fluctuations in streamflow.
Mean discharge of the Clinch and Powell Rivers
increases downstream as tributaries enter the
mainstem rivers.

The seasonal changes in streamflow reflect the
quantity of rainfall and evapotranspiration. Figure
4.1-1 shows a daily discharge hydrograph. In this hy-
drograph, the effects of winter rains are shown by
streamflow exceeding the long-term average flow.
Streamflow recedes during the summer months as
evapotranspiration increases and rainfall decreases.

20

Minimum streamflow occurs during the late summer
months when rainfall is at a minimum and baseflow
is maintained by ground-water discharge. Stream-
flow increases again in the fall due to decreased
evapotranspiration, with a corresponding increase in
ground-water storage.
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4.0 SURFACE WATER (Continued)

4.1 STREAMFLOW CHARACTERISTICS (Continued)

4.1.1 EVAPORATION PRECIPITATION

NET EVAPORATION LOSS OCCURS FROM
APRIL TO OCTOBER IN AREA 16

Net evaporative loss of up to 2 inches per
day occurs between April and October. Maxi-
mum runoff occurs in March.

The combination of precipitation and evapora-
tion curves with mean runoff values delineate two
distinct periods in the annual cycle. Starting at the
convergence point of the precipitation and evapora-
tion curves in October, a period of relatively low
evaporation rates and high precipitation values com-
mences and leads to increasing runoff levels. As the
gap between evaporation and precipitation grows,
runoff levels increase until March. The region yields
maximum runoff in March. As the evaporation and
precipitation curves reconverge in April, the drier
half of the annual cycle begins. After the annual
peak in March, runoff values show the effect of in-
creasing evaporation and decreased precipitation and
begin to drop off. From April through July, increas-

22

ing precipitation is exceeded by increasing evapora-
tion, and runoff continues to decline and reaches the
year’s lowest levels during September. As the curves
meet again in October, the annual cycle is completed.

The evaporation curve (fig. 4.1.1-A) was deve-
loped from data collected at the Tennessee Valley
Authority station at Jefferson City, Tennessee, from
1942-69. The precipitation curves for the same time
period are similar for stations throughout Area 16.
Mean runoff values were developed from data col-
lected at U.S. Geological Survey stream-gaging sta-
tions for this period of time (fig. 4.1.1-B).
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4.0 SURFACE WATER (Continued)
STREAMFLOW CHARACTERISTICS (Continued)
4.1.1 EVAPORATION/PRECIPITATION

4.1



4.0 SURFACE WATER (Continued)
4.2 COMPARATIVE FLOW

STREAMFLOW VARIES WITH GEOLOGY AND MINING

Area-weighted streamflow values, calculated from
measurements made during September 1979, range
from 0.01 to 1.26 cubic feet per second per
square mile of drainage area. This wide vari-
ation is attributed to differences in geology
and mining activity.

Discharge measurements made at 60 sites in Area
16 during September 1979 reflect the differences in
geology between various parts of the basin. In the up-
per portions of the Clinch and Powell River basins,
streams originating in Pennsylvanian sandstones on
the western side of the basins yielded lower unit flows
than Cambrian and Ordovician limestones and dolo-
mites. In the middle section of the Clinch River basin
and the eastern portion of the Powell River basin,

24

streams that drain the Stone Mountain area, which is
underlain principally by Pennsylvanian sandstone
and shale, produced the highest flows. Streams
along the western flanks of both basins are underlain
by similar rock types but yielded unit flows that vary
widely. These differences in streamflow may be at-
tributed to differences in the extent of mining.



EXPLANATION

Clinch and Powell River drainage basins
Clinch—Powell drainage basin boundary

Subbasin boundary

DISCHARGE, IN CUBIC FEET PER SECOND
PER SQUARE MILE

[1] o.01 -o0.21
[2] o0.22-0.36
[3] o0.37 -o0.52
[4] o0.53-1.26

Note: Low flow period September, 1979.
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4.0 SURFACE WATER (Continued)
4.3 LOWFLOW

SANDSTONES YIELD LOWER UNIT FLOWS
THAN LIMESTONES

The 7-day, 10-year unit low flows are similar
for the mainstem Clinch and Powell Rivers.
However, Pennsylvanian sandstones yield lower
unit flows than limestones of Cambrian and
Ordovician age.

The 7-day, 10-year unit low flows for the main-
stems of the Clinch and Powell Rivers are similar. In
the Clinch River basin, unit low flows decrease
downstream as far as Speers Ferry, Virginia, below
which they begin to increase. Within the Powell River
basin, however, unit low flows consistently increase
downstream. This trend reflects the diminishing in-
fluence of the Pennsylvanian sandstones, shales, and
coals of the Cumberland Plateau which drain into
these basins from the west.

The Guest River and North Fork Powell River,
whose drainage basins are underlain chiefly by the
Pennsylvanian sandstones, have significantly lower
unit flows than does Copper Creek, which originates

26

in the Cambrian and Ordovician limestones and
dolomites on the east side of the Clinch River basin.
There is extensive coal-mining activity in the Guest
and North Fork Powell River basins but it is uncer-
tain whether the differences in low-flow characteris-
tics are due primarily to mining activities or to differ-
ences in geology.

Flow characteristics of streams may be summa-
rized on a unit basis so that streams having different
drainage areas can be directly compared (fig. 4.3-1,
4.3-2). Absolute values of these characteristics are
also useful in comparing relative quantities of flow
(table 4.3-1).

®
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4.0 SURFACE WATER (Continued)
4.4 HIGH FLOW

STORM RUNOFF IN POWELL RIVER BASIN
IS GREATER THAN IN THE CLINCH RIVER BASIN

Storm runoff is greater in the Powell River basin
than in the Clinch River basin. The major trib-
utaries to the Powell River have much steeper

stream channel slope than tributaries to the
Clinch River.

Unit runoff during storm periods is considerably
greater in the Powell River basin than it is in the
Clinch. This difference is likely due to. the effects of
the steeper stream channel slopes of the tributaries to
the Powell River basin (refer to the topographic map
in section 2.2). Major tributaries of both rivers also
show higher yields than do the mainstems.

For areas receiving equal rainfall, drainage area
and slope are the two variables which most strongly
affect high flows but drainage area configuration,

land use, vegetation, soil type, and precipitation in- -

tensity are also important. As recurrence intervals

28

become greater, the effects of individual basin fea-
tures, such as land use and soil type, become less im-
portant and there are fewer differences in flow
characteristics between the tributaries and the main-
stem of a basin.

Flow characteristics of streams are often summa-
rized on a unit basis so that streams of varying drain-
age areas can be compared directly (fig. 4.4-1 and
4.4-2). However, the absolute values of these stream-
flow statistics are also useful in comparing relative
quantities of flow (table 4.4-1).
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4.0 SURFACE WATER (Continued)
4.5 DURATION OF FLOW

FLOW DURATION SIMILAR FOR MAINSTEM
CLINCH AND POWELL RIVER BASINS

The flow-duration characteristics are similar for
the mainstems of both the Clinch and Powell River
basins. Tributary streams entering both rivers
from the west show significantly smaller unit
flows during base-flow periods than the tributary
streams entering from the east.

The time distribution of streamflow is illustrated
by the flow-duration curve. The curves for selected
rivers are shown in figures 4.5-1 and 4.5-2. Flow-
duration curves are based on the period of record at a
site and show the percentage of time that a specific
discharge can be expected to be equalled or exceeded.
. For example, a discharge of about 0.7 (ft3/s)/mi2 at
station number 03524500 (fig. 4.5-1) is expected to be
equalled or exceeded about 50 percent of the time.

Hydrologic and geologic characteristics of a
drainage basin are the principal factors that deter-
mine the shape of a duration curve. A curve that has
a steep vertical slope represents highly variable
streamflow, such as that from direct surface runoff.
More gently sloping duration curves are characteris-
tic of streams whose flow is augmented by delayed
surface runoff and discharge from ground-water
storage.

The time distribution of flows is generally similar
in the mainstem portions of both the Clinch and Po-
well River basins of southwestern Virginia. Tribu-
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taries entering these rivers from the north and west
(Guest River, 03524500, and North Fork Powell Riv-
er, 03530500) show significantly smaller unit flows
during baseflow periods than do tributaries entering
from the south and east (Copper Creek, 03526000).
During high-flow periods, the Guest River and the
North Fork Powell River have slightly higher unit
flows than Copper Creek. The areas to the north and
west of the mainstems consist primarily of sand-
stones, shales, and coals, and have been mined exten-
sively for the coal; areas to the east consist mostly of
limestones and dolomites. Whether the differences
in flow characteristics are due primarily to mining ac-
tivities or to inherent differences in geology and
physiography is uncertain.

Flow characteristics of streams are often summa-
rized on a unit basis so that streams of varying drain-
age areas can be directly compared. However, the
absolute values of these streamflow statistics are also
useful in comparing relative quantities of flow.
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5.0 WATER QUALITY
5.1 CHEMICAL QUALITY :
5.1.1 MAJOR INORGANIC CONSTITUENTS

CALCIUM MAGNESIUM SULFATE TYPE WATER
TYPIFIES STREAMS IN MINING AREAS

Calcium magnesium bicarbonate type water charac-
terizes most streams in Area 16. However, the
anion composition of the water changes from

bicarbonate to sulfate in areas affected by coal
mining.

The composition of a water can be conveniently
presented in a trilinear diagram (Piper, 1944). In this
diagram, the composition of a water is expressed by

the percentages of total cations and anions. Water is .

classified by its dominant anion and cation groups.
Thus, the water from station number 03524900 is of
the calcium magnesium bicarbonate type.

Anions, such as chloride (CI') and sulfate
(SO,7), and cations, such as calcium (Ca* ") and
magnesium (Mgt ), arise from the dissolution of
minerals by streams flowing over a particular rock
type. Also minerals become dissolved in ground wa-
ter that sustains streams during periods of low flow.
Thus, the anion-cation composition of a water re-
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flects to some degree the minerals the stream has con-
tacted.

Streams draining noncoal-bearing strata are gen-
erally of the calcium magnesium bicarbonate type.
These streams are located along the east side of the
Clinch and Powell River basins. Streams that drain
the western flank of Area 16 flow primarily through
coal-bearing strata. These latter streams come into
contact with minerals that shift the anion composi-
tion toward sulfate. The Guest, Powell, and North
Fork Powell Rivers all contain calcium magnesium
sulfate type water.
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5.0 WATER QUALITY (Continued)
5.1 CHEMICAL QUALITY (Continued)
5.1.2 pH, ALKALINITY, ACIDITY

pH, ALKALINITY, AND ACIDITY NOT
SERIOUS PROBLEMS IN STREAMS SAMPLED

pH, alkalinity, and acidity are not serious prob-
lems in the streams sampledin Area 16. Acid
and low pH problems occur locally, but dilution
and neutralization by calcareous materials improve
stream quality.

The pH of streams sampled in Area 16 ranges
from pH 5.9 to 10.4. Minimum pH values were
greater than pH 7 in 47 percent of the streams sam-
pled. The pH of streams draining mined basins
ranged from pH 6.0 to 10.4, compared to pH ranging
from 5.9 to 8.7 in unmined basins. High pH values
in many mined basins may result from extensive use
of powdered limestone used for dust control in deep
mines.

Alkalinity is a measure of the capacity of a water
to neutralize an acid solution. Alkalinity in a natural
water is due primarily to the presence of carbonates
and bicarbonates. Alkalinity measurements in Area
16 ranged from 0 to 430 milligrams per liter as calci-
um carbonate (mg/L as CaCO3). The mean alkalini-
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ty in mined basins was 63 mg/L as CaCO3 compared
to 61 mg/L as CaCO, in unmined basins.

Acidity is a measure of the capacity of a water to
neutralize a basic solution. Acidity in a natural water
is due primarily to the presence of hydrolyzable metal
ions. Acidity measurements in Area 16 ranged from
0 to 124 mg/L as CaCO,. The mean acidity in mined
basins is 6.2 mg/L as CaCO, which is not significant-
ly different from the mean acidity of 6.1 mg/L as
CaCOyin unmined basins.

Table 5.1.2-1 shows the range and mean concen-
tration of alkalinity and acidity for selected stations
in Area 16.
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5.0 WATER QUALITY (Continued)
5.1 CHEMICAL QUALITY (Continued)
5.1.3 CONDUCTANCE, DISSOLVED SOLIDS

DISSOLVED-SOLIDS CONCENTRATIONS HIGH
IN MINED AREAS

Both specific conductance and dissolved-solids
concentrations are higher in mined basins than
in unmined basins. The dissolved-solids con-
centration ranges from 10 to 200 milligrams
per liter (mg/L) in unmined basins compared to
arange of 50 to 600 mg/L in mined basins.

Specific conductance, expressed in micromhos
per centimeter at 25°C (umho/cm @ 25°C), is a
measure of the ability of a water to conduct an elec-
trical current. The presence of charged ionic species
causes the water to conduct electricity. As the con-
centration of ions increases, the conductance of the
solution increases.

Dissolved solids, expressed in milligrams per liter
(mg/L), is a measure of the total concentration of
dissolved material in a water sample, determined
from the weight of the dry residue remaining after
evaporation. The dry residue is composed mostly of
the salts and hydrates of ions that were dissolved in
the water sample.

Because the specific conductance is related to the
quantity and type of ions dissolved in a water sample,
it can be used as a general indication of the
dissolved-solids concentration. Commonly, the fac-
tor relating specific conductance to dissolved solids is
about 0.65. However, this factor can range from
0.54t0 0.96 (Hem, 1970), and thus must be used with
care when predicting dissolved-solids concentration
from specific conductance values. It is important to
limit such predictions to areas where previous work
has been conducted and for which the empirical rela-
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tionship between specific conductance and dissolved
solids has been defined. Especially important to this
relationship are the chemical analyses defining the
exact ionic composition.

In area 16, the factor relating specific conduc-
tance to dissolved solids is 0.70 in mined basins and
0.54 in unmined basins. This difference may be -
caused by effects of increased sulfate loading in
mined basins. The map shows mean dissolved-solids
concentration for subbasins of the study area. In
general, streams in areas known to be unmined have
conductances ranging from 10 to 300 yumho/cm @
25°C -and dissolved-solids concentrations ranging
from 10 to 200 mg/L. In areas known to have exten-
sive surface-mining activity, streams have specific
conductances ranging from 80 to 800 umho/cm @
25°C and dissolved solids ranging from 50 to 600
mg/L. Seasonal variation in specific conductance
and dissolved solids occurs due to dilution from rain-
water. In general, the lowest dissolved-solids concen-
tration and specific conductance values occur during
the high-flow periods of late winter and spring, and
the highest specific conductances and dissolved-sol-
ids concentrations occur during low-flow periods.
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5.0 WATER QUALITY (Continued)
5.1 CHEMICAL QUALITY (Continued)
5.1.4 SULFATE LOADING

SULFATE LOADINGS ARE HIGH IN
STREAMS DRAINING MINED AREAS

Area-weighted sulfate loadings were calculated
for the subbasins of Area 16. The greatest
loadings occurred in areas with extensive mining.
The Clinch River shows the impact of increased
downstream sulfate loading from tributaries
draining mined areas.

Area-weighted sulfate loadings are calculated us-
ing dissolved-sulfate concentration in milligrams per
liter (mg/L), streamflow, in cubic feet per second
(ft3/s), and drainage basin area, in square miles
(miz). The resulting units of sulfate loading are
pounds per day per square mile ([lb/d]/mi"‘). Load-
ings are used rather than concentrations because
loadings take into account differences in concentra-
tion due to varying streamflow. Furthermore, area
weighting of the loadings allows direct comparison of
large and small drainage basins.

The sulfate loading of the unmined areas of the
Clinch and Powell River basins is generally less than
45 [Ib/d]/mi%. Mined areas along the west flank of
Area 16 have sulfate loading commonly exceeding
150 [lb/d]/mi"‘. The highest sulfate loadings occur
during periods of high streamflow, although the ab-
solute sulfate concentrations may be quite low. The
highest concentrations of sulfate occur during low-
flow periods when there is little dilution from rain-
fall, and the water has longer contact time with spoil
areas and overburden.

Sulfate loading has increased in the Clinch and
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Powell River basins since 1930. The mean sulfate
loading of 525 [lb/d]/mi2 in 1930 has increased to
more than 900 [Ib/d]/mi® in 1979 (Rogers and
Hufschmidt, 1980).

Sulfate is produced by the oxidation and weath-
ering of the iron-bearing minerals pyrite and marca-
site in an aqueous environment. Both pyrite and
marcasite are present in coal beds. Crystals of pyrite
are commonly found in black shales and bituminous
sandstones (Krauskopf, 1967). The variation in sul-
fate production is controlled by many factors, in-
cluding: (1) the nature of local geology and reactive
minerals, (2) the contact time and neutralization
reactions, and (3) the amount of water available for
reaction with the sulfur-bearing minerals.

There are significant correlations among
surface-mining activity and specific conductance and
sulfate concentrations. These water-quality parame-
ters are generally highest for those basins that are ex-
tensively mined and lowest in those basins that have
little or no mining activity.

»
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PERCENT OF
MINING ACTIVITY*
slallon STATION NAME
NUMBER SURFACE and
SURFACE

UNDERGROUND
03524000 Clinch River at Cleveland 2 5
03524500 Guest River at Coeburn 31
03524900 Stony Creek at Ka 0] 0
03529500 Powell River at Big Stone Gap 11 43
03530500 | N. FORK Powell River at Pennington Gap 5 18

*Based on Southwest Virginia 208 Report
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5.0 WATER QUALITY (Continued)
5.1 CHEMICAL QUALITY (Continued)
5.1.5 DISSOLVED IRON

DISSOLVED-IRON CONCENTRATIONS ARE
HIGHLY VARIABLE IN AREA 16

Dissolved-iron concentrations ranged from 0O to
1,900 micrograms per liter in Area 16. Sites
in mined areas generally had higher minimum
concentrations than unmined sites. However,
in several instances, the dissolved-iron con-
centration was greater in unmined basins than

in mined basins. ’

The concentration of dissolved iron is of concern
for several reasons. Dissolved iron in excess of 300
micrograms per liter (ug/L) imparts objectionable
taste, may cause staining, and render the water unfit
for many industrial and domestic supplies. Back-
ground concentrations of iron in water arise from
iron associated with soils and minerals. High concen-
trations of iron in Area 16 originate through the
weathering and solution of pyrite and marcasite as-
sociated with coal, and hematite associated with
Clinton iron ore. Dissolved-iron concentrations in
undisturbed basins generally range from 9 to 150
pg/L. In mined basins, the dissolved-iron concentra-
tions were higher than in unmined basins and ranged
from 10 to 300 png/L.

Figure 5.2.5-1 shows the ranges and mean values
of dissolved-iron concentrations in selected mined
and unmined basins. The mined and unmined basins
have similar distributions of dissolved-iron concen-
trations. Although the minimum concentration of
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dissolved iron is generally higher in mined basins, se-
veral unmined basins have higher mean and max-
imum dissolved-iron concentrations than mined ba-
sins.

Several factors control the solubility of iron, the
most important of which are pH, dissolved oxygen,
dissolved carbon dioxide, and sulfur. Insoluble iron
precipitates are formed through oxygenation of mine
drainage that has high concentrations of dissolved
iron. Precipitates also form when mine drainage
mixes with streams of higher pH. Iron precipitates
are strongly attracted to sediment particles and can
coat stream beds. During periods of high flow, these
sediment particles and iron precipitates are scoured
from the stream beds, resulting in high concentra-
tions of total iron. Figure 5.1.5-2 shows the relation-
ship between the concentrations of suspended sedi-
ment and total iron.
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5.0 WATER QUALITY (Continued)
5.1 CHEMICAL QUALITY (Continued)
5.1.6 DISSOLVED MANGANESE

DISSOLVED-MANGANESE CONCENTRATIONS ARE HIGHLY
VARIABLE IN AREA 16

Dissolved-manganese concentrations ranged from
9to 1,100 micrograms per liter (ug/L) in Area
16. Dissolved-manganese concentrations in mined
areas averaged 108 ug/L while the concentration
inunmined areas averaged 10 ug/L.

The concentration of dissolved manganese is of
concern for several reasons. Dissolved manganese in
excess of 50 micrograms per liter (ug/L) imparts ob-
jectionable taste, may cause staining, and generally
renders water unfit for many industrial and domestic
supplies. These effects are similar to those of iron
because the two metals react similarly. Background
concentrations in water arise from manganese as-
sociated with soils and minerals. High concentra-
tions of manganese in Area 16 originate through the
weathering of overburden associated with coal and
other manganese-bearing deposits.  Dissolved-
manganese concentrations in undisturbed areas gen-
erally range from 0 to 160 ug/L and average 10 ug/L.
The dissolved-manganese concentration in mined
areas range from 0 to 1,100 ug/L with an average
concentration of 110 ug/L.
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Figure 5.1.6-1 shows the ranges and mean values
of dissolved-manganese concentrations in selected
mined and unmined basins. Mined basins generally
have higher mean and maximum concentration than
unmined basins. However, there is some overlap in
the distribution, possibly related to local manganese
deposits.

The factors controlling the solubility of man-
ganese are highly complex and a discussion of them is
beyond the scope of this report. However, it is im-
portant to note that "one of the notable properties of
manganese oxide is a tendency to form coatings on
other mineral surfaces...” (Hem, 1970); thus, man-
ganese is often sorbed to suspended-sediment parti-
cles. Figure 5.1.6-2 shows the relationship between
suspended sediment and total manganese.
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5.0 WATER QUALITY (Continued)
5.1 CHEMICAL QUALITY (Continued)

5.1.7 QUALITY CRITERIA--IRON AND MANGANESE

SAMPLES FROM 16 STATIONS IN AREA 16 EXCEED QUALITY
CRITERIA FOR DISSOLVED IRON AND MANGANESE

Water samples from 16 stations in the Guest and
Powell River basins of Area 16 exceeded quality
criteria for iron and manganese. Dissolved iron
and manganese quality criteria are set at 1,000

and 200 micrograms per liter (ug/L), respectively.

The map on the facing page shows the location
of stations in Area 16 where concentrations of dis-
solved iron and manganese have exceeded specified
alert limits.

The alert limit for iron is set at 1,000 ug/L for
the adequate protection of freshwater aquatic life,
based on recommendations in Water Quality
Criteria, U.S. Environmental Protection Agency,
1976. The U.S. E.P.A. recommends that dissolved
manganese should not exceed 50 ug/L for domestic
water supplies. Constituents such as iron and man-
ganese, however, commonly occur naturally in con-
centrations that exceed the most stringent criteria,
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and setting limiting values too low would result in
flagging a large fraction of the analytical values for
these constituents. Therefore, the alert limits for
iron and manganese are somewhat arbitrarily set at
1,000 and 200 ug/L, respectively.

As dissolved metals, both iron and manganese
are colorless and impart taste in concentrations in ex-
cess of 300 and 50 ug/L, respectively. Both metals
oxidize upon contact with air to form black
(manganese) and red (iron) colored precipitates that
cause staining problems.

O



EXPLANATION

Station number
0 Continuous—record gaging station and quality—of—water site

Quality—of—water site and measurement of discharge without
a gage (synoptic sampling site)

Chemical measurement site

Site where dissolved manganese concentration has exceeded
200 micrograms per liter

Site where dissolved iron concentration has exceeded
1000 micrograms per liter
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5.0 WATER QUALITY (Continued)
5.1 CHEMICAL QUALITY (Continued)
5.1.8 METALS IN BOTTOM SEDIMENTS

METALS ACCUMULATE IN BOTTOM SEDIMENTS

The metals in bottom sediments originate from
weathering and erosion of minerals in the water-
shed. Evaluation of the metals concentration in -
bottom sediments helps in understanding the
concentration of metals in streams.

During the summer of 1979, 21 bottom sediment
samples were collected to assess the distribution of
metals in Area 16. Bottom sediments act as metal ac-
cumulators because trace metals associate strongly
with particulate materials. Sampling sites were chos-
en throughout Area 16 to represent differing land use
and geology.

The metals associated with bottom sediments are
derived primarily by weathering and erosion of
material within the watershed. Besides the natural
background content of metals due to local geology,
other possible sources of metals in the area include
active and inactive mines, municipal discharges, and
industrial activities. Because there are few large
population centers in Area 16, “urban runoff” is not
a significant source of metals.

Samples were analyzed for the following metals:
Arsenic (As), Cadmium (Cd), Chromium (Cr), Co-
balt (Co), Copper (Cu), Lead (Pb), Mercury (Hg),
Selenium (Se), Zinc (Zn), Iron (Fe), and Manganese
(Mn). Information is scant regarding the back-
ground concentration of these metals; however, se-
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veral deposits of iron, manganese, lead, and zinc are
known in Area 16. Care must be exercised in at-
tributing high metal concentrations to mining when
the background concentration of a particular metal
may be relatively high.

Clinton iron ore crops out along the border be-
tween Virginia and Kentucky in Lee and Wise Coun-
ties (Gooch, 1964). Mining for iron was active in Vir-
ginia between 1825 and 1900, and in Tennessee be-
tween 1820 and 1960. The ore ranges from 26 to 40
percent iron. The presence of the Clinton iron ore
probably causes the high concentration of iron in the
bottom sediments, especially around Pennington
Gap, Virginia, and La Follette, Tennessee.

Small manganese deposits in Area 16 occur in
residual clay derived from the weathering of crystal-
line schist or sandstone. The manganese deposits in
sandstone, locally associated with iron ore (McGill,
1936), may be the source for the high concentrations
of iron and manganese in bottom sediments.



EXPLANATION

5294 Station number
,0 Sampling site — Metals in bottom sediments
x Mines—Iron ore in rocks of Clinton age
%] Individual manganese deposits
Q::::?e Area of numerous manganese deposits

Zinc—lead prospects

Powell River zinc—lead district

NOTE:

Station numbers abbreviated; first two digits (03) and last two digits (if zeros) are omitted.

Examples; Station number 03529400 shown as 5294; Station number 03524348 shown

as 5243.48.
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STATION METALS
NUMBER As Cd Cr Co Cu Fe Pb Mn Hg Se Zn
5230 0 <10 20 20 <10 15000 30 780 .26 O 30
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Concentration (in parts per million) of metals in bottom sediments from
the Powell River Basin.

STATION METALS

NUMBER As Cd Cr Co Cu Fe Pb Mn Hg Se Zn
6293 0 <10 <10 10 <10 6,100 <10 120 .00 O 40
5293.10 0 <10 <10 10 10 9,700 10 230 .00 1 30
5293.15 0 <10 <10 10 10 8,600 10 370 .00 O 30
5294 0 <10 <10 10 10 13,000 <10 390 .10 0 30
5294.10 0 <10 <10 10 20 12,000 10 240 .09 0 40
5294.50 0 <10 <10 10 20 21,000 10 520 .00 0 60
5295 0 <10 <10 10 10 8,900 10 280 .00 O 30
5298 0 <10 <10 10 10 5,600 10 130 .30 0O 30
5299 0 <10 <10 10 10 9,100 10 500 13 0 60
5304 0 <10 <10 10 <10 17,000 <10 830 i | 0 60
5304.40 0 <10 <10 10 60 24,000 30 510 .00 0 90
5304.60 0 <10 <10 10 20 11,000 10 380 .00 O 40
5320.70 0 <10 <10 10 <10 8,100 80 370 .00 0 10
5321 0 <10 30 20 <10 20,000 20 770 .00 O 20
5324.80 0 <10 30 10 10 20,000 20 680 .00 O 70

5.1 CHEMICAL QUALITY (Continued)

5.1.8 METALS IN BOTTOM SEDIMENTS




5.0 WATER QUALITY (Continued)
5.1 CHEMICAL QUALITY (Continued)
5.1.9 TRACE METALS

TRACE METAL CONCENTRATIONS LOW IN AREA 16

Trace metal concentrations in Area 16 are low and generally
fall below health and water-quality standards.

Trace metals occur naturally in soils and rocks.
Low concentrations of these metals are common in
most waters. Anomalously high concentrations can
occur naturally; however, such high concentrations
of trace metals usually occur due to waste discharge.
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Trace metal concentrations measured in Area 16
were all below the U.S. Environmental Protection
Agency recommended limits (1977) and are shown in
figure 5.1.9-1.
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STATION NUMBER| As | Cd | Cr | Cu Pb | Ag | Zn | Se
03521500 3 (0] 10 | 4 (0] 10 0]
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03527000 | (0] 10 3 3 0 20 0]
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5.0 WATER QUALITY (Continued)
5.2 SUSPENDED SEDIMENT

SUSPENDED-SEDIMENT LOADINGS ARE
HIGHLY VARIABLE IN AREA 16

Suspended-sediment concentrations as high as 1,030
milligrams per liter have been measured in Area 16.

Activities that commonly result in high sediment
yield include mining, construction, agriculture, and
forestry. Agricultural activities alone result in over 50
percent of all sediment delivered to streams and lakes
in the United States (U.S. EPA, 1976). Surface-
mining activities, such as land clearing, road build-
ing, and refuse piles also contribute significantly to
increased sediment loading. Factors influencing the
rate of sediment production include soil type, slope,
duration and intensity of rainfall, and vegetative cov-
er.

Suspended-sediment concentrations measured in

Area 16 ranged from 1 milligram per liter (mg/L) to
greater than 500 mg/L. There is insufficient data, at
this time, to predict annual sediment loadings in
mined and unmined basins.

The figure shows the relationship between sedi-
ment yield and stream discharge for unmined and
mined basins. Although the slope of the lines is
based on limited amounts of data, the data for these
two stations show that more sediment is discharged
in streams draining surface-mined areas.
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FIGURE 5.2-1 Suspended sediment concentration versus discharge
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5.0 WATER QUALITY (Continued)
5.2 SUSPENDED SEDIMENT



5.0 WATER QUALITY (Continued)
5.3 BENTHIC INVERTEBRATES

BENTHIC INVERTEBRATES ARE INDICATORS
OF STREAM QUALITY

Overall stream quality is reflected by the
community structure of benthic invertebrates.
Good quality streams have numerous taxa repre-
sented with few organisms per group.

Fourteen streams were sampled for community
structure of benthic invertebrates during the low-
flow period of September 1979. Organisms were
found to inhabit all streams sampled.

The community structure of benthic inverte-
brates can be a good indicator of stream quality. The
organisms in a stream must survive changes that take
place in the stream. These changes include fluctua-
tion in streamflow, temperature, dissolved oxygen,
chemical quality, and sediment concentration. Any
organism intolerant of these variations will not sur-
vive. Generally, in a highly stressed environment,
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only the hardiest organisms survive, resulting in a
very homogeneous community structure. Clean, un-
disturbed environments usually have many taxa
represented, but few individuals per taxon.

The community structure of streams sampled
during September 1979 indicated good biological
quality (table 5.3-1). However, the sites sampled
were far downstream of most mining activity, and
dilution-neutralization of mine drainage could have
already occurred, resulting in biologically productive
environments.
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03524700| 6|62| 8| 2| 6 13] 1 2 53| 0.0
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6.0 GROUND WATER
6.1 SOURCE AND AVAILABILITY .

GROUND WATER IS THE MAJOR SOURCE
FOR MANY WATER SUPPLIES IN AREA 16

Ground water from wells and springs is the major source
of water for many domestic, commercial, and public
supplies. Areas underlain by limestone generally
have the highest ground-water yields.

Ground-water yield is greater from limestone,
dolomite, and shale underlying the Valley and Ridge
province than from sandstone and shale underlying

the Appalachian Plateau province. Well yields range -

from 5 to 200 gallons per minute (gal/min); springs
yield from 1 to 1,000 gal/min.

Well yield varies depending on the type of rock
and number and size of openings penetrated, and the
physical setting of the well site. The most productive
sites are located in major stream valleys. The general
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ground-water flow is from topographic high areas to
topographic lows.

Discharge of springs is highly variable due to fac-
tors such as head differential determined by topo-
graphic location. (hillside or valley), changes in stor-
age, seasonal precipitation, and the nature of rock
material or conduit conducting water to a spring. The
most productive springs discharge from cavernous
limestone.

o
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6.0 GROUND WATER (Continued)
6.2 DISCHARGE AND MOVEMENT

GROUND-WATER DISCHARGE RANGES FROM
1TO 17 INCHES ANNUALLY

Ground-water discharge, estimated from long-term streamflow
data, ranges from 1to 17 inches annually.

Under natural conditions, a long-term equilibri-
um exists between ground water entering and leaving
an aquifer system. Ground-water recharge, estimated
from streamflow data, should approach the long-
term average ground-water discharge contributing to
streamflow. In the Clinch and Powell River basins in
the Appalachian Region, Wyrick (1968) estimated
the ground-water contribution to streamflow at 1 to 2
inches. He assumed that the streamflow value which
was equalled or exceeded 90 to 95 percent of the time
was derived entirely from ground water. However,
this estimate is very conservative; it was used to
predict the minimum ground water available on a re-
gional basis. Trainer and Watkins (1975) estimated
that the ground water contribution to baseflow of
streams in the upper Potomac River basin corre-
sponds to value of streamflow which was equalled or
exceeded from 39 to 61 percent of the time and ave-
raged 52 percent. The upper Potomac River basin
lies in the same major physiographic provinces as
Area 16. Streamflow measurements made in Septem-
ber 1979 (see section 4.2) were made during a period
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when flow at long-term stations was at about the lev-
el that is equalled or exceeded 65 percent of the time.
Therefore, these flows should be reasonable first ap-
proximations of regional ground-water discharge.
Thus, mean annual ground-water discharge and re-
charge may range from 1 to 17 inches in Area 16. Re-
gional variability has been described in section 4.2.

The actual flow pattern and ground-water stor-
age will vary, depending on the type of rock. In the
weathered surficial zone that overlies the bedrock in
most of Area 16, water moves and is stored in the in-
terstitial openings between the clay and silt intersp-
ersed with some fine to medium sand and chert which
comprise this rock. In the coal, limestone, sand-
stone, siltstone and shale, water moves and is stored
along bedding planes, and in joint systems and frac-
tures in the rocks. In limestone, these openings may
be enlarged by the solution of calcium carbonate by
ground water as it moves along the bedding planes,
joints, and fractures.



7.0 GROUND-WATER QUALITY

GROUND-WATER QUALITY IS HIGHLY
VARIABLE IN AREA 16

The chemical quality of ground water in Area 16 is highly
variable but is generally suitable for most uses.

Quality of ground water in Area 16 is highly vari-
able, but it is generally suitable for most uses. The
chemical quality of selected ground-water samples is

shown on the facing page. The trilinear diagrams

(Piper, 1944) show percentages of total anion and ca-
tion composition (in milliequivalents per liter) of wa-
ter from wells in both coal-bearing and noncoal-
bearing strata. Carbonate rocks, such as limestone,
yield calcium magnesium bicarbonate type water.
Calcium magnesium sulfate type water is characteris-
tic from sandstones common in Pennsylvanian coal-
bearing strata. Water hardness varies considerably
with both rock types from soft to very hard.
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Ground-water quality is affected by many fac-
tors including rock type, duration of water contact
with a particular rock type, and contamination by
septic systems. Although dissolved-solids concentra-
tions in ground water in Area 16 are generally low,
locally high concentrations of iron, sulfate, and
hardness may make water unsuitable for some uses.
In some areas high concentrations of chloride and ni-
trate suggest contamination from septic systems.
Wells drilled to depths greater than 200 to 300 feet
below land surface in or near major river valleys may
yield slightly to moderately saline water.
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8.0 WATER-DATA SOURCES
8.1 INTRODUCTION

NAWDEX, WATSTORE, OWDC HAVE
WATER DATA INFORMATION

Water data are collected in coal areas by a large
number 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 ac-
cess to the vast amount of existing water data.

(1) The National Water Data Exchange
(NAWDEX), which indexes the water data available
from over 400 organizations, 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), serves as the central
repository of water data collected by the U.S. Geo-
logical Survey and contains large volumes of data on

59

the quantity and quality of both surface and ground
waters.

(3) The Office of Water Data Coordination
(OWDC) coordinates Federal water-data acquisition
activities and maintains a "Catalog of Information
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 print-
ed and made available to the public.

A more detailed explanation of these three activi-
ties is given in sections 8.2, 8.3, and 8.4.



8.0 WATER-DATA SOURCES (Continued)
8.2 NATIONAL WATER-DATA EXCHANGE - NAWDEX

NAWDEX SIMPLIFIES ACCESS

TO WATER DATA

The National Water-Data Exchange (NAWDEX) is a nationwide program
managed by.the U.S. Geological Survey to assist users of water data or
water-related data in identifying, locating, and acquiring needed data.

NAWDEX is a national confederation of water-
oriented organizations working together to make
their data more readily accessible and to facilitate a
more efficient exchange of water data.

Services are available through a Program Office
located at the U.S. Geological Survey’s National
Center in Reston, Virginia, and a nationwide net-
work of Assistance Centers located in 45 states and
Puerto Rico, which provide local and convenient ac-
cessto NAWDEX facilities (see fig. 8.2-1). A directo-
ry is available on request that provides names of or-
ganizations and persons to contact, addresses, tele-
phone numbers, and office hours for each of these
locations [Directory of Assistance Centers of the Na-
tional Water Data Exchange (NAWDEX), U.S. Geo-
logical Survey Open-File Report 79-423 (revised)].

NAWDEX can assist any organization or in-
dividual in identifying and locating needed water
data and referring the requester to the organization
that retains the data required. To accomplish this
service, NAWDEX maintains a computerized Master
Water Data Index (fig. 8.2-1), which identifies sites
for which water data are available, the type of data
available for each site, and the organization retaining
the data. A Water Data Sources Directory (fig.
8.2-3) also is maintained that identifies organizations
that are sources of water data and the locations with-
in these organizations from which data may be ob-
tained. In addition, NAWDEX has direct access to
some large water-data bases from its members and
has reciprocal agreements for the exchange of ser-
vices with others.

Charges for NAWDEX services are assessed at
the option of the organization providing the request-
ed data or data service. Search assistance services are
provided free by NAWDEX to the greatest extent
possible. Charges are assessed, however, for those
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requests requiring computer cost, extensive personnel
time, duplicating services, or other costs encountered
by NAWDEX in the course of providing services. In
all cases, charges assessed by NAWDEX Assistance
Centers will not exceed the direct costs incurred in re-
sponding to the data request. Estimates of cost are
provided by NAWDEX upon request and in all cases
where costs are anticipated 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, VA 22092

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

Hours: 7:45 - 4:15 Eastern Time
or

NAWDEX ASSISTANCE CENTER
VIRGINIA
U.S. Geological Survey
Water Resources Division
Room 304
200 W. Grace Street
Richmond, VA 23220

Telephone: (804) 771-2427
FTS 925-2427

Hours: 8:00 - 4:45 Eastern Time



IMASTER WATER DATA INDEX

WATER-DATA SITE
IDENTIFIERS AND

DESCRIPTORS
SURFACE-WATER DATA GROUND-WATER DATA WATER-QUALITY DATA
ikt igastoutions BIOLOGICAL PHYSICAL SEDIMENT CHEMICAL
i NAWDEX Interetate Figure 8.2-2 Master water-data index
ol Assistance Program Regional
Center Office Organizations
. Net.
N Orgm‘;:tieons Academia
ORGANIZATION
| | | 1 |
WATER DATA OTHER WATER-RELATED
OFFICES ilicpr gl s NONSOURCES INDEXED DATA i$i0y
| 1 | |
[ countes | | COMMENTS | | COMMENTS | | COUNTIES |
Figure 8.2-1 Access to water data l I
ASSISTANCE
CENTERS COMMENTS STATES

COUNTIES

Figure 8.2-3 Water-data sources directory

8.0 WATER-DATA SOURCES (Continued)
8.2 NATIONAL WATER-DATA EXCHANGE - NAWDEX



8.0 WATER-DATA SOURCES (Continued)
8.3 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 ex-
isting water-data system and to provide for more ef-
fective and efficient management of its data-releasing
activities. The system is operated and maintained on
the central computer facilities of the Survey at its Na-
tional Center in Reston, Va. Data may be obtained
from WATSTORE through the Water Resources
Division’s 46 district offices. General inquiries about
WATSTORE may be directed to:

Chief Hydrologist
U.S. Geological Survey
437 National Center
Reston, VA 22092

or

U.S. Geological Survey
Water Resources Division
Room 304
200 W. Grace Street
Richmond, VA 23220

The Geological Survey currently (1980) collects
data at approximately 16,000 stream-gaging 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
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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 ad-
dition, an index file of sites for which data are stored
in the system is also maintained (fig. 8.3-1). 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 con-
tinuous basis and numerically reduced to daily values
are stored in this file. Instantaneous measurements at
fixed-time intervals, daily mean values, and statistics
such as daily maximum and minimum values 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 concentrations, sedi-
ment 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, radiochemical characteristics of
both surface and ground waters are contained in this
file. These analyses contain data for 185 different
constituents.
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Unit Values File: Water parameters measured on
a schedule more frequent than daily are stored in this
file. Rainfall, stream discharge, and temperature
data are examples of the types of data stored in the
Unit Values File.

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

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

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 mi-
nutes to overnight, depending upon the priority
placed on the request. The number of remote job en-
try sites is increased as the need arises.

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

scale. Battery-operated radios are used as the com- -

munication link to the satellite. About 200 data-relay
stations were operated in 1980.

Central Laboratory System: The Water Re-
sources Division’s two water-quality laboratories,
located in Denver, Colo. and Atlanta, Ga., analyze
more than 150,000 water samples per year. These
laboratories are equipped to automatically perform

chemical analyses ranging from determinations of
simple inorganic compounds, such as chlorides, to
complex organic compounds, such as pesticides. 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 WATSTORE.

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

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

Computer-Printed Graphs: Computer-printed
graphs for the rapid analysis or display of data are
another capability of WATSTORE. Computer pro-

grams are available to produce bar graphs

(histograms), line graphs, frequency distribution
curves, X-Y point plots, site-location map plots, and
other similar items by means of line printers.

Statistical Analyses: WATSTORE interfaces
with a proprietary statistical package (SAS) to pro-
vide extensive analyses of data such as regression
analyses, 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 in-
clude 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.

NATIONAL WATER DATA STORAGE AND RETRIEVAL SYSTEM

STATION-HEADER FILE

I |
PEAK-FLOW WATER-QUALITY UNIT VALUES
FILE FILE FILE
DAILY- GROUND-WATER
VALUES SITE INVENTORY

FILE FILE

Figure 8.3-1 Index file stored data
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8.0 WATER-DATA SOURCES (Continued)

8.4 INDEXTOWATER-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 as-
sist 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.
8.4-1): Volume I, Eastern Coal province; Volume 11,
Interior Coal province; Volume I1I, 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 avail-
able.

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
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stored, and (5) the agency or organization reporting
the activity. Part D summarizes areal hydrologic
investigations and waier-data activities not included
in the other parts of the index. The agencies that sub-
mitted the information, agency codes, and the num-
ber 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 wa-
ter data should contact the National Water Data Ex-
change (NAWDEX). (See section 8.2).

Further information on the index volumes and
their availability may be obtained from:

U.S. Geological Survey
Water Resources Division
Room 304
200 W. Grace Street
Richmond, VA 23220

Telephone: (804) 771-2427
FTS 925-2427

or

Office of Surface Mining
U.S. Department of the Interior
530 Gay St., Suite 500
Knoxville, TN 37902

Telephone: (615) 637-8060
FTS 852-0060

i

>,
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Figure 8.4-1 Index volumes and related provinces
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*.10.0 APPENDIX

STATION IDENTIFICATION

NUMBER

03520700
03520800
03521100
03521500
03521600
03521650
03521700
03521800
03521850
03521900
03522525
03522550
03522600
03523000
03523650
03523700
03524000
03524010
03524010
03524030
03524050
03524060
03524070
03524340
03524346
03524348
03524500
03524700
03524870
03524880
03524890
03524900
03525100
03525490
03527000
03527480
03527490
03528000
03529300
03529310
03529315
03529400
03529410
03529450
03529475
03529500
03529800
03529900
03530400
03530440

NAME

INDIAN CREEK AT HARMAN;, VA.

GREASY CREEK AT HARMAN, VA

MIDDLE CREEK AT CEDAR BLUFF, VA.
CLINCH RIVER AT RICHLANDS, VA.

BIG CREEK AT RICHLANDS, VA.

TOWNHILL CREEK AT DORAN, VA.

MUDLICK CREEK AT DORAN, VA,

MILL CREEK AT RAVEN, VA,

SWORDS CREEK NEAR DYE, VA.

HESS CREEK NEAR DYE, VA.

GRASSY CREEK NEAR DRILL, VA.
FLATROCK CREEK NEAR DRILL, VA,

LEWIS CREEK AT HONAKER, VA.

CEDAR CREEK NEAR LEBANON, VA
THOMPSON CREEK AT ARTRIP, VA.
WEAVER CREEK AT ARTRIP, VA.

CLINCH RIVER AT CLEVELAND, VA,

DUMPS CREEK NEAR S. CLINCHFIELD, VA.
HURRICANE FORK NEAR S. CLINCHFIELD, VA
CHANEY CREEK NEAR S. CLINCHFIELD, VA.
LICK CREEK AT ST. PAUL, VA.

RUSSELL CREEK NEAR ST. PAUL, VA.

BULL RUN NEAR ST. PAUL, VA.

GUEST RIVER AT NORTON, VA.

BEAR CREEK NEAR WISE, VA.

YELLOW CREEK NEAR WISE, VA.

GUEST RIVER AT COEBURN, VA.

LITTLE STONY CREEK NEAR DUNGANNON, VA.
STONY CREEK NEAR KA, VA.
STRAIGHT FORK NEAR KA, VA.

DEVIL FORK NEAR KA, VA.

STONY CREEK AT KA, VA.

COVE CREEK NEAR STANLEYTOWN, VA.
STOCK CREEK AT CLINCHPORT, VA.

CLINCH RIVER AT SPEERS FERRY, VA.
NORTH FORK CLINCH RIVER NEAR DUFFIELD, VA.
DRY BRANCH NEAR DUFFIELD, VA.

CLINCH RIVER ABOVE TAZEWELL, TN.
POWELL RIVER NEAR NORTON, VA.
ROARING FORK AT DUNBAR, VA.

POTCAMP CREEK AT DUNBAR, VA.
CALLAHAN CREEK NEAR STONEGA, VA.
MUDLICK CREEK NEAR STONEGA, VA.
LOONEY CREEK AT APPALACHIA, VA.
ROARING BRANCH AT BIG STONE GAP, VA.
POWELL RIVER AT BIG STONE GAP, VA.

S. FORK POWELL RIVER AT EAST STONE GAP, VA.
BUTCHER FORK AT EAST STONE GAP, VA.
NORTH FORK POWELL RIVER AT POCKET, VA.
STRAIGHT CREEK AT ST. CHARLES, VA.
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STATION IDENTIFICATION -- (Continued)

NUMBER NAME

03530460 BAILEYS TRACE AT ST. CHARLES, VA.

03530470 PUCKETT CREEK AT MANESS, VA.

03530485 BERGEN BRANCH NR. STONE CR., VA.

03530490 ELY CREEK NR STONE CR., VA.

03530495 STONE CREEK AT STONE CREEK, VA.

03530500 N. FORK POWELL RIVER AT PENNINGTON GAP, VA.
03531500 POWELL RIV. NR JONESVILLE, VA.

03531505 BATIE CREEK NEAR JONESVILLE, VA.

03531520 WALLEN CREEK NEAR JONESVILLE, VA,

03531530 HARDY CREEK NEAR SMILEY, VA.

03531535 DRY CREEK NEAR SMILEY, VA.

03533170 POWELL RIVER NEAR ALANTHUS HILL, TN.
03532000 POWELL RIVER NEAR ARTHUR, TN.

03532070 OLD TOWN CREEK NEAR RED HILL, TN.

03532100 DAVIS CREEK NEAR SPEEDWELL, TN.

03532200 BIG CREEK AT LA FOLLETTE, TN.

03532480 COVE CREEK ABOVE COVE LAKE, NEAR CARYVILLE, TN.
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