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CONVERSION FACTORS 

Factors for converting inch-pound units to metric units are shown to four 
significant figures. However, in the text the metric equivalents are shown only 
to the number of significant figures consistent with the values for the 
inch-pound. 

Inch-pound units Multiply by 

ft (foot) 3.048 x 10-l 

ft (foot) 3.048 x lo2 

ft3 2.832 x 1O-2 

mi (mile) 1.609 

mi2(square mile) 2;590 

ton (ton, short) 9.072 x 102 

OF = 9/5 ("cl + 32 

Metric units 

m (meter) 

mm (millimeter) 

m3 (cubic meter) 

km (kilometer) 

km2(square kilometer) 

kg (kilograms) 

'T = 5/9 (“F - 32) 

Note: 
National Geodetic Vertical Datum of 1929 (NGVD of 1929) is now being 
used in place of the term "mean sea level". 
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THE QUALITi OF WATER DISCHARGING FROM THE NEW 
RIVER AND CLEAR FORK BASINS, TENNESSEE 

by R. S. Parker and W. P. Carey 

ABSTRACT 

The quality of water discharging from a strip-mined basin and a 
relatively unmined basin on the Cumberland Plateau‘in Tennessee are 
examined and compared. The chemical and aesthetic‘quality of these 
waters will directly affect the chemical and aesthetic quality of the 
water flowinq through a proposed national river and recreation area. 

Water from the heavily mined New River basin is characterized by 
neutral pH, low dissolved solids (less than 300 milligrams per liter), 
and high concentrations of suspended sediment. More than 90 percent 
of the suspended sediment is silt and clay. Suspended-sediment con- 
centrations in the thousands of milligrams per liter are not uncommon 
for New River and often impart a highly turbid appearance to the 
water. Approximately 590,000 tons of suspended sediment were dis- 
charged from the New River basin in 1977, as compared to an estimated 
20,000 tons from the relatively unmined Clear Fork basin. 

In association with these fine-grain suspended sediments are 
sorbed trace metals. In 1977 the New River basin discharged an esti- 
mated 17,000 tons of suspended iron while Clear Fork discharged an 
estimated 600 tons. Suspended-sediment concentration was found to be 
highly correlated with both suspended and total trace-metal concen- 
trations. This correlation coupled with the nearly neutral pH of the 
water indicates that trace metals are transported primarily in the 
suspended phase. 

The most promising indicator of the presence of coal mining was 
found to be dissolved sulfate. All unmined basins sampled in this 
study showed dissolved sulfate concentrations less than 20 milligrams 
per liter, whereas all mined basins had dissolved-sulfate concentra- 
tions in excess of 20 milligrams per liter regardless of basin size or 
discharge. 
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INTRODUCTION 

In Tennessee coal is mined primarily in the Cumberland Plateau 
physiographic region in east-central Tennessee. Within this region 
the largest concentration of coal mining is in the 382 mi2 New River 
basin (fig. 1). Coal production from this basin alone accounted for 
56 percent (4.9 million tons) of Tennessee's total production in 1974. 

New River flows in a northwesterly direction and joins Clear Fork 
to form the Big South Fork Cumberland River (fig. 1). In 1974 the 
enactment of Public Law 93-251 by Congress authorized the establish- 
ment of the Big South Fork National River and Recreation Area. Since 
this area (fig. 1) is directly downstream from the confluence of the 
New River and Clear Fork basins, the water quality in the area is 
directly dependent upon the quality of the mixture of New River and 
Clear Fork water. 

This report describes the water quality and sediment loads from 
the heavily mined New River basin during the period 1975-77. Some 
comparisons are made between the water quality and sediment loads of 
the New River basin and the 272 mi2 Clear Fork basin, which is 
relatively unmined. 

Purpose and Scope 

The purpose of this report is to: 

1. Generally characterize the water quality of the New River basin 
using the data from an initial water quality sampling program. 

2. Present data on water quality and sediment yield near the mouth of 
the New River basin. 

3. Compare the water quality data from New River with the limited data 
available from sampling in the essentially unmined Clear Fork 
basin. 

No attempt has been made to analyze all the data from all sam- 
pling sites in detail. Instead the data collected near the mouth of 
both basins have been emphasized and, in the case of the New River 
basin, selected comparisons have been made with data collected within 
the basin. 

Acknowledgments 

Due to concentrated coal mining in the New River basin and the 
proposed recreation area downstream, many agencies and organizations, 
both State and Federal, have cooperated with the Geological Survey in 
this study. Agencies supporting the investigation through funding or 
services include the U.S. Soil Conservation Service, the U.S. Army 
Corps of Engineers, the Tennessee Valley Authority, the University of 
Tennessee at Knoxville, and the Tennessee Division of Geology. 

-2- 



Figure 1 .-- Location of New River Basin and Sampling Stations .



Units of Measurement 

Data describing lengths and areas in this report are defined or 
dimensioned in inch-pound-second units. With the exception of dis- 
charge values, water-quality data are defined entirely by metric 
units. Thus, water temperatures are expressed in degrees Celsius ("C) 
and concentrations of suspended and dissolved constituents are given 
in milligrams per liter (mg/L). Suspended- and dissolved-constituent 
discharges are expressed in tons per year (tons/year). A list of 
inch-pound to metric conversions follows the "Contents" section of the 
report. 

DESCRIPTION OF STUDY AREA 

Physiography and Topography 

The study basin is in the Northern Cumberland Plateau physio- 
graphic region of east-central Tennessee (fig. 1). This region is 
part of the Appalachian Plateau physiographic province which runs from 
southern New York to central Alabama. The Cumberland Plateau in 
Tennessee is a broad, relatively flat-topped plateau, with altitudes 
averaging between 1,700 and 2,000 feet. 

The New River basin is located on the highly dissected eastern 
edge of this plateau. Altitudes in the basin range from 1,004 ft at i 
the junction with Clear Fork to 3,543 ft on top of Cross Mountain 
which is located along the southeastern boundary of the basin. Relief 
within any 5 mi2 area commonly exceeds 1,500 ft, and average slope 
within the basin is about 25 percent. 

The physiography of the Clear Fork basin is quite different from 
that of the New River basin even though the two are adjacent and share 
a common drainage divide. In the Clear Fork basin, the altitude of 
the land surface between major streams generally ranges from 1,500 to 
1,850 feet. This consistency in upland altitude gives the basin a 
flat-topped or plateau type appearance. This plateau type appearance 
is interrupted only at the southeastern corner of the basin where 
altitudes rise quickly to a basin high of 2,700 feet. This local dis- 
turbance forms Griffin Mountain and occurs along the common divide 
shared by the New River basin. The lowest altitude in the Clear Fork 
basin is 1,004 feet at the mouth of Clear Fork. Therefore, with the 
exception of the Griffin Mountain area, the Clear Fork basin is char- 
acterized by consistent relief and mild slopes. This is in direct 
contrast to the rugged relief and steep slopes of the New River basin. 

Geology 

The coal bearing rocks of the study area are of Early and Middle 
Pennsylvanian age and represent rocks of the Pottsville Series of this 
system* (Luther 1959, p 11). 

*Geologic names used in this report are those of the Tennessee 
Division of Geoloqy and are not necessarily in agreement with names 
used by the U.S. Geological Survey. 
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"The Pennsylvanian rocks in Tennessee consist largely 
of alternating layers of sandstone and shale, but coal beds 
and very thin and sporadic limestone beds compose a minor 
percentage of the whole. On a gross scale the sequence is 
divisible into two major components, a lower part which con- 
sists largely of thick sandstones and conglomerates sepa- 
rated by approximately equal amounts of shale, and an upper 
part in which sandstones are mostly thin and discontinuous, 
and the intervening shales are thicker and more important. 
The upper part also contains a greater number of coal beds 
than the lower part. In general the upper shaly sequence of 
the Pennsylvanian is preserved only in the Cumberland Moun- 
tains region of the northeastern part of the Plateau, and 
the lower, sandy sequence caps the remaining flat-topped 
part of the Plateau (Luther 1959)". 

The New River - Clear Fork study area is consistent with Luther's 
geologic description in that the upper shaly sequence is found in the 
mountainous New River basin while the plateau-like Clear Fork basin is 
capped by the lower sandy sequence. In reference to figure 2, the 
greater part of the Clear Fork basin is capped by rocks of the Crooked 
Fork Group and Crab Orchard Mountains Group with only minor occur- 
rences of younger rocks. The surficial geology of the New River basin 
varies in age from the Crab Orchard Mountains Group which occurs near 
the mouth of New River to the Cross Mountain Group which occurs on 
mountain tops forming the eastern and southeastern perimeter of the 
basin. 

Structurally,the New River basin is located in an area which has 
experienced relatively little tectonic disturbance. This area is 
known as the Wartburg Basin (fig. 3). The following description of 
the Wartburg Basin is quoted from Luther (1959) page 31. 

The Wartburg Basin is a structural low of consider- 
able size which is centered around the area where 
Scott, Morgan, Anderson and Campbell Counties come 
closest to a common corner. It is bounded on the 
southeast by Walden Ridge (North) and on the east by 
the Jacksboro-Pine Mountain fault system. To the west 
it merges into the Northern Cumberland Plateau sub- 
province, and to the north it continues into Kentucky. 
Beds dip gently into the basin from the Nashville Dome 
to the west and the Cumberland Plateau overthrust sys- 
tem to the south, steeply into the zigzag east side of 
the basin off Walden Ridge (North), the Jacksboro 
fault, and the Pine Mountain Fault. 

The Clear Fork basin is located on the transition between the 
Northern Cumberland Plateau subprovince and the Wartburg basin. The 
structure of this area is quite simply a gentle regional dip to the 
east. 
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Figure 2.--Generalized stratigraphic sequence of Pennsylvanian rocks

in Tennessee (from Luther 1959, pll)
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Figure 3.--Generalized structural features o£ the Cumberland
Plateau in Tennessee (modified from Luther, 1959)



Climate 

The New River and Clear Fork basins experience a moderate cli- 
mate, with an average temperature of 58OF, an annual precipitation of 
approximately 54 inches, and an annual average snowfall of 9 inches. 
The largest amount of precipitation occurs in the winter and spring in 
association with the passage of frontal systems. Precipitation in the 
summer is generally limited to short but intense rainfall from after- 
noon and evening convective storms. 

Land Use and Coal Mining Operations 

The New River basin is predominately covered by hardwood forest 
(81 percent), while only 8 percent of the basin is covered by ever- 
green trees (Hollyday and Sauer, 1976). Strip mines make up about 
7 percent of the basin area. Only 5 percent of the basin is in agri- 
culture and this is primarily restricted to valleys of the major 
streams. At present, little data are available on land cover cate- 
gories in the Clear Fork basin although the Tennessee Valley Authority 
is now preparing land use maps of this basin. In general, however, 
the Clear Fork basin is covered by hardwood forests. Agriculture is 
more prevalent in the Clear Fork basin and coal mining probably occurs 
on less than 1 percent of the land in the basin. 

In the New River basin coal is typically extracted by the contour 
strip method. Some deep mining occurred in the past but little is 
being done today. The sequence of a mining operation is generally to 
strip along the contour within the economic limits of overburden 
depth, and to continue extraction of coal by augering back into the 
hillside. 

In the Clear Fork basin the terrain is much less dissected, and 
therefore, the dominant type of mining is area mining. Typically, 
overburden is removed from a small area, the coal is extracted and the 
overburden replaced as the operation moves along in a particular 
direction. 

Drainage Network 

There are three components to the stream system in the New River 
basin. First, are the small streams (less than 8 mi2 drainage 
area), which have very steep channels and valley sidewalls. Most of 
the contour strip mining is done in these basins. Any soil that is 
dislodged from these steep valley sidewalls is quickly delivered to 
the stream channel. The slopes of these channels provide little 
opportunity for deposition,and sediment is quickly transported toward 
the basin outlet. 

The second stream component is the intermediate subbasins. These 
basins average 30 mi2 drainage area and have much gentler slopes. 
This decrease in slope provides opportunities for deposition of the 
larger sediment particles delivered from the smaller upstream basins. 
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There are six major streams in this component. They are: Buffalo 
Creek, Paint Rock Creek, Montgomery Fork, Smoky Creek, Ligias Fork, 
and Brimstone Creek (fig. 1). 

Finally, the third component is the New River mainstem, which 
exhibits extensive deposition of sand and gravel. It is also the con- 
duit for fine-grained sediment (silt and clay), which is kept in sus- 
pension and transported out of the basin. 

The Clear Fork drainage network is a much more homogeneous system 
than the New River network. Channel and valley-sidewall slopes in 
small upland subbasins are not as steep in the Clear Fork basin as in 
the New River basin. Thus, the downstream changes in channel slope 
and the associated changes in channel storage characteristics are not 
as drastic in the Clear Fork basin. 

DATA COLLECTION 

In order to establish a water quality data base for the New River 
basin, an intensive sampling program was conducted during low-flow 
periods in May and October 1975. Water was collected from each of the 
sampling sites shown in figure 1 and described in table 1. Each sam- 
ple was analyzed for a total of 42 constituents (table 2)'. After this 
preliminary sampling, a monthly sampling program was established 
utilizing a reduced number of constituents (table 2) and only six 
sites (fig. 1). Four sites were located along the New River mainstem, 
distributed from the basin outlet to the headwaters. One site, Smoky 
Creek at Smoky Junction, was retained on an intermediate subbasin and 
a new site, Clear Fork near Robbins was added. These sites were 
sampled on a routine monthly schedule,and therefore,mostly low and 
intermediate discharges were sampled. 

Two sites, New River at New River and Clear Fork near Robbins, 
were also sampled during storms. The list of constituents was further 
reduced for this effort as shown in table 2. 

All suspended sediment and water quality samples were collected 
by standard U.S. Geological Survey depth-integrating methods as de- 
scribed by Guy and Norman (1970). Suspended sediment samples were 
analyzed by either the U.S. Geological Survey sediment laboratory in 
Harrisburg, Pa., or the U.S. Geological Survey district sediment labo- 
ratory in Nashville, Tenn. Water quality samples were analyzed by the 
U.S. Geological Survey Central Laboratory in Atlanta, Ga. 

A continuous-recording water-quality station was established at 
the New River at New River surface-water gaging station. This station 
contains a USGS Water Quality Monitor which records the following pa- 
rameters hourly: temperature, specific conductance, dissolved oxygen, 
PH, and turbidity. In addition, a PS-69 suspended sediment pumping 
sampler was installed in the shelter. The PS-69 is programmed to take 
two samples per day to define daily loads, plus a sample every half- 
foot of rise or fall in stage to define storm loads. 
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Table 1 . -- Sampling stations



Table 1 . -- Sampling stations (continued)



Table 2. -- Parameters analyzed during intensive, monthly, and storm sampling



The turbidity sensor was installed at the request of the U.S. 
Army Corps of Engineers. This sensor utilizes both the light trans- 
mitted (T) and the light scattered (S) to obtain a turbidity reading. 
The response of each photocell is integrated into a single reading by 
division (S/T) which is performed electronically in the control unit. 
Calibration to Jackson turbidity units (JTU) is done by using Formazin 
turbidity standard. 

As of 1975 only two of the sampling stations, New River at New 
River and Clear Fork near Robbins, had long-term surface-water 
records. The New River station has continuous record from 1934 to 
present,and the Clear Fork station has continuous record from 1930 to 
1971 and was reactivated in 1975. 

STREAMFLOW CHARACTERISTICS 

The following discussion on streamflow characteristics is based 
on data compiled from 1934 to 1975 for the New River at New River 
station. The flow duration curve (fig. 4) shows the median flow to be 
233 ft3/s (stage of 2.95 ft above datum at the gage). The steep, 
straight slope of the curve indicates a highly variable stream whose 
flow is largely derived from direct runoff (Searcy, 1959, p. 22). 

The flood frequency curve (fig. 5) is obtained by using Water 
Resources Council recommended procedures (U.S. Water Resources COUn- 
cil, 1976). The mean annual flood (2.33-year recurrence interval) is 
approximately 27,000 ft3/s which is 23.96 ft above datum at the 
gage. During a storm that was sampled on April 5, 1977, peak dis- 
charge was 46,840 ft3/s. This peak discharge has a return period of 
approximately 15 years. The stage at this peak discharge was 32.16 ft 
above datum. 

The flow duration curve for Clear Fork near Robbins is shown in 
figure 6. This curve was constructed from flow data collected during 
the period 1930 to 1971. A comparison of the Clear Fork and New River 
flow duration curves shows similar steep slopes. 

A plot of flood frequency for the gage near the outlet of Clear 
Fork is shown in figure 7. The shape of the flood frequency curve for 
Clear Fork is very similar to the one for New River. Discharges for 
an equivalent recurrence interval are lower on Clear Fork primarily 
because of Clear Fork's smaller drainage area. 

WATER QUALITY 

The data discussed in the following sections were obtained from 
samples collected at the two gaging stations near the outlet of each 
basin. However, where appropriate, additional data gathered within 
the New River basin will be used. These additional data will be iden- 
tified as they are introduced to the discussion. 
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Figure 4 .-- Flow duration curve for New River at New River
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Figure 5.-- Flood flow frequency curve for New River at New River



Figure 6 .-- Flow duration curve for Clear Fork near Robbins
-16-



Figure 7 .-- Flood flow frequency curve for Clear Fork near Robbins



Water Quality Monitor Data 

Temperature 

Water temperature of New River at New River is measured hourly by 
the water-quality monitor. Mean daily values for the 1977 water year 
are given in table 3. These data can be easily summarized by a least- 
squares sine-wave curve (Steele, 1978). 

Gw = 13.84 + 12.8 sin (0.017t + 2.931, (1) 

where t = days (Oct. 1 = 1 and Sept. 30 = 365 or 3661, and !?w = pre- 
dicted mean daily water temperature ("C). The explained variability 
of this equation is 92 percent. Since the data represent only 1 year, 
the relation may be modified as more data become available. 

PH 

The water-quality monitor at New River at New River recorded pH 
throughout the 1977 water year. The values of pH ranged from 6.7 to 
7.7 but were consistently above 7.0 (table 4). Because of this nearly 
neutral system, most of the metals present are sorbed onto sediment. 

Turbidity 

Turbidity is monitored at the New River station as previously 
discussed. The turbidity sensor is calibrated so that the conversion 
to the more common measure of JTU'S is one to one. 

The turbidity data correlate well with the suspended-sediment 
concentration data from this station. The reason for this good corre- 
lation, and the limitations of using turbidity to predict suspended- 
sediment concentrations, will be discussed in the section on the 
suspended system. 

Specific Conductance 

The specific conductance of a water sample can be directly 
related to the sample concentration of total dissolved solids. Once 
this relationship has been established for many samples from a partic- 
ular site, the continuous record of specific conductance from a water- 
quality monitor can be analyzed to make direct inferences about the 
concentration of total dissolved solids. 

Using the monthly and storm sampling data from New River at New 
River a plot was made of dissolved solids versus specific conductance 
(fig. 8). A least squares fit of these data leads to the relation: 
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Table 3 . -- Maximum, minimum, and mean daily water temperature, in degrees Celsius for New River at New River during the 1977
water year



Table 3 . -- Maximum, minimum, and mean daily water temperature, in degrees Celsius for New River at New River during the 1977
water year (continued)



Table 3. -- Maximum, minimum, and mean daily water temperature, in degrees Celsius for New River at New River during the 1977
water year (continued)



Table 4 . -- Mean Ydaily pH values for New River at New River for 1977 water year



Figure 8.-- Dissolved solids versus specific conductance

for New River at New River

r = 0.85

DS = 0.61 Sc

	

(2)

r = 0 .99

where DS = dissolved solids in milligrams per liter, Sc = specific

conductance in micromhos, and r = correlation coefficient . This form

of the equation was suggested by Hem (1970, 2nd ed . p . 99 .) who

reported that the coefficient in the equation generally ranges between

0 .55 and 0 .75 for natural waters . The higher values usually are asso-

ciated with waters high in sulfate concentration . This relationship

(eq. 2) has a standard error of estimate of 6.2 percent . Therefore,

within the range sampled, the error of prediction is approximately 35

mg/L.

Figure 9 shows a plot of specific conductance versus discharge
for New River at New River . A least squares fit to these data yields

the equation :

Sc = 753.65 Q- 0 " 21	(3)

where Q = discharge in cubic feet per second . Data from the upstream

stations of New River at Stainville and New River at Cordell (fig . 1)
are also plotted in figure 9 ; however, they were not , used to develop

equation 3 . The data from Stainville and Cordell follow the overall
relation obtained for New River at New River . Thus, the concentra-
tions of dissolved solids along the mainstem of New River become more

dilute as the discharge increases.
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Figure 9.-- Specific conductance versus discharge for New River at New River, New River at Cordell,aod
New Diver at Staiovllle
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The Dissolved System 

The general problems and processes of coal mine drainage have 
been known for some time. During coal mining,pyritic materials, pre- 
dominantly iron pyrite (FeS2), are exposed to water and air. The 
pyrite reacts with oxygen and water to form ferrous sulfate (FeS04) 
and sulfuric acid (H2SO4). The chemical breakdown of pyrite usu- 
ally increases the concentration of iron, sulfate, and hydrogen ions 
in the water. The resulting low pH values (acidity) are a common 
characteristic of many coal mine drainage waters (Biesecker and 
George, 1966, p. 3). Reaction of this acidic mine drainage with car- 
bonate minerals reduces the acidity, increases the total dissolved 
solids concentration, and adds calcium and magnesium ions to the 
water. Thus, some measure of the impact of the coal mine drainage on 
a surface stream would be provided by examining the pH, sulfate con- 
centration, calcium and magnesium concentration, and total dissolved 
solids. 

For New River at New River, the major dissolved constituents are 
bicarbonate, sulfate, calcium, and magnesium. The relation of spe- 
cific conductance to the concentrations of these constituents are 
shown graphically in figure 10. The regression equations for each of 
these constituents are: 

Cso4 = 4.52 + 0.29 SC 

r = 0.95 

(4) 

where Cso4 = dissolved sulfate concentration in milligrams per liter. 

cb = 7.76 + 0.08 SC (5) 

r = 0.82 

where Cb = bicarbonate (HC03) concentration in milligrams per liter. 

CCa = 1.4 + 0.082 SC (61 

r = 0.91 

where CCa = dissolved calcium, concentration in milligrams per liter. 

‘4 = 1.24 + 0.029 SC 

r = 0.92 

(7) 

where Crd9 = dissolved magnesium concentration in milligrams per 
liter. 

The regression equations above were applied to mean daily spe- 
cific conductance records available for the water year 1977 at the New 
River outlet. Using a computer program documented by Steele (1973) 
monthly discharge-weighted chemical loads (table 5) of these major 
constituents were determined. From this table the mean monthly 
concentrations of the major constituents (table 6) were determined. 
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conductance for New River at New River

Figure loa . --Dissolved-constituent concentration versus specific
conductance for New River at New River

Figure 10b .--Dissolved-constituent concentration versus specific



Table 5. -- Estimated discharge - weighted chemical loads of major constituents for New River at
New River for water year 1977 (constituents, in tons)



Table 6 . -- Estimated mean monthly concentrations of major constituents for New River at New River for water year 1977
(constituent concentrations in milligrams per liter)



Table 5 shows the mean monthly concentration is highest during 
the low flow period of June, July, and August. However, the total 
chemical loads (table 5) are greatest during the high-flow periods of 
March and April. By calculation, approximately 55,000 tons of 
dissolved solids were transported out of the New River basin in 1977. 
The major constituents of this material were sulfate and bicarbonate. 

Samples were also collected at Clear Fork near Rohbins for com- 
parison with New River at New River. The least-squares relation 
between discharge and specific conductance for Clear Fork is: 

SC = 125.67 Q-013 

r = 0.85 

The plot of this equation and its 95 percent confidence intervals are 
shown in figure 11, along with a similar plot and confidence intervals 
for the New River data. Notice that for the same discharge New River 
has considerably higher specific conductances. Sufficient data are 
not available to construct a relationship between specific conductance 
and total dissolved solids for Clear Fork. However, the existing data 
suggest that equation 2 is a reasonable approximation for Clear Fork. 
Based on this assumption,a calculation comparing Clear Fork and New 
River showed that for median flow in 1977 New River discharged four 
times more total dissolved solids per day per square mile than Clear 
Fork. 

The regressions of major dissolved constituents with respect to 
specific conductance for Clear Fork are shown in figure 12. This fig- 
ure can be compared with figure 10 which shows the equivalent data at 
the New River outlet. 

Even though there are only eight data points to each of the rela- 
tionships in figure 12, the data were collected during instantaneous 
discharge between 24 and 25,000 ft3/s. The problem with these rela- 
tions is that the independent variable (specific conductance) changes 
very little in that large interval of discharge. Thus, the regression 
equations are somewhat tenuous. These relationships do, however, 
indicate that compared to New River, Clear Fork seems to have a 
greater amount of dissolved bicarbonate and less sulfate for an equiv- 
alent specific conductance. For Clear Fork the relations are: 

Cso4 = 0.422 + 0.166 SC (9) 

r = 0.93 

cb = 0.441 + 0.289 SC (10) 

r = 0.85 
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Figure 11 .--Specific conductance versus discharge for New River at New River and Clear Fork near Robbins



Figure 12 .-- Dissolved-constituent concentration verus specific
conductance for Clear Fork near Robbins
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Because the concentration of sulfate is low in Clear Fork and
even lower in the small unmined basins, it would seem to be a good

indicator of mining within this geologic area . To examine the distri

bution of sulfate values from unmined basins, data from Anderson

Branch and Lowe Branch in the New River basin (fig . 1) were combined
with the Clear Fork data . These two small basins (0 .69 and 0 .92
mil, respectively) were unmined at the time these data were
obtained . The frequency of occurrence of these sulfate values is
shown in figure 13 . The distribution of the 139 values of sulfate
concentration appears normal and the calculated mean is 9 .46 mg/L with
a standard deviation of 3.57 . No value exceeded 18 mg/L .

If all the sulfate values from the New River mainstem, major
tributaries to New River and the two small mined basins of Indian Fork

and Green Branch are combined, the 268 samples yield a highly skewed
distribution with a calculated mean of 202 mg/L and a range of
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Figure 13 .-- Frequency of occurence of sulfate concentrations
for Anderson Branch, Lowe Branch, and Clear Fork

concentrations from 17 to 1250 mg/L . With the exception of the 17
mg/L value all other sulfate values from mined basins were greater
than 23 mg/L.

It may be argued that higher sulfate values result from the
greater percentage of shale found in the upper part of the section,
while the lower sandstone part of the section would be expected to
yield lower sulfate values . However, both Anderson Branch and Lowe
Branch are in the upper more shaly section and yet their sulfate
values compare to Clear Fork . Therefore, it appears that the upper
more shaly section does not contribute significantly more sulfate than
the lower section if undisturbed .



Sulfate data from Bills Branch were not used in the analysis of
mined and unmined basins, because mining started in Bills Branch at
about the same time as data collection . This coincidence of mining
and data collection provides a unique opportunity to examine the
hypothesis that sulfate concentration is a good indicator of mining
activity .

Mining in the Bills Branch basin (0 .69 mil) began in December
1974 and water quality data collection began in January 1975 . The 16
samples collected between January 7, 1975, and April 24, 1975, had a
mean sulfate concentration of 16 mg/L and a range of 11-20 mg/L.
After May 1, 1975, sulfate concentrations increased to over 22 mg/L,
and have consistently remained above this value ever since . Of the 82
samples collected at Bills Branch between May 1975 and September 1977,
only 3 have had sulfate concentrations below 22 mg/L . Thus, the data
from Bills Branch seem to support the hypothesis that consistent
sulfate concentrations of less than 20 mg/L are indicative of a stream
that has not been affected by coal mining activity . The data also
show that the effects of coal mining on water quality are not imme-
diate and in fact may exhibit a considerable lag time even in small
steep basins .

The Suspended - System

Data from the automatic suspended-sediment sampler at New River
at New River are used to calculate the mean daily suspended-sediment
concentration and load for each day of the water year, as shown in
table 7 (Porterfield, 1972) . These mean daily values can then be
summed to obtain the annual, suspended-sediment load for the station
(table 7) .

The total suspended-sediment load leaving the New River basin
during the 1977 water year was about 590,000 tons (table 7) . This
suspended-sediment load represents a yield of about 1,500 tons per
square mile . Approximately 76 percent of the total for the year
occurred on April 3, 4, and 5, 1977, during a storm with a peak return
period of approximately 15 years . Much of this suspended material was
very fine grained . The percentage of silt and clay (diameter of
0.0625 mm or less) in a suspended sediment sample generally was over
90 percent .

Without regard to size of basin or discharge, sulfate values from

unmined basins were less than 20 mg/L. All other sampling sites had

some past or present mining activity upstream and all these sites had
sulfate concentrations greater than 20 mg/L, regardless of basin size
or discharge.



Table 7. -- Mean daily water discharge, mean daily suspended-sediment concentration and mean daily suspended-sediment discharge

for New River at New River during water year 1977



Table 7 . -- Mean daily water discharge, mean daily suspended-sediment concentration and mean daily suspended-sediment discharge

for New River at New River during water year 1977 (continued)



Table 7 . -- Mean daily water discharge, mean daily suspended-sediment concentration and mean daily suspended sediment discharge
for New River at New River during water year 1977 (continued)



Table 7 . -- Mean daily water discharge, mean daily suspended-sediment concentration and mean daily suspended sediment discharge

for New River at New River during water year 1977 (continued)



This large load of fine-grained material permits the use of tur- 
bidity to assess the concentration of suspended sediment. Figure 14 
shows the relationship between suspended-sediment concentration and 
turbidity for New River at New River. This relationship was developed 
using suspended-sediment concentrations equal to or greater than 30 
El/L. Concentrations less than 30 mg/L produce wide scatter in the 
turbidity data and therefore were deleted. The least squares equation 
for these data is: 

CS 
= 1.33 To.936 (13) 

where C, = suspended-sediment concentration in milligrams per liter, 
and T = turbidity in Jackson turbidity units. The correlation coeffi- 
cient (r) for this relation is 0.92. Good correlations such as this 
are possible at sites where much of the material transported is fine 
grained. 

It would be economically desirable to use turbidity to predict 
suspended-sediment concentration at this site. The problem here is 
that the turbidity monitor has a maximum value of 1,000 S/T. Equation 
11 shows that turbidity can be used to predict suspended-sediment 
concentration to approximately 850 mg/L before the turbidity instrumen- 
tation reaches its limit. Instantaneous suspended-sediment concentra- 
tions are consistently higher than 850 mg/L during storms. The 
turbidity data, however, can be used to estimate missing data during 
times of non-storm flow. 

Automatic sediment sampling equipment was not available to moni- 
tor the sediment discharge from the Clear Fork basin. However, 
several suspended-sediment samples were obtained at Clear Fork near 
Robbins by field personnel. These samples are distributed over a wide 
range of discharges as shown in figure 15. A least squares equation 
was fitted to the data to yield a sediment rating curve (fig. 15). 
The least squares equation is: 

CS = 1.28 Q".46 (14) 

r = 0.87 

where C, = suspended-sediment concentration in milligrams per liter, 
and Q = discharge in cubic feet per second. 

This equation and the mean daily water discharges for 1977 were 
used to calculate mean daily sediment discharges for each day of the 
water year. The mean daily sediment discharge values were then summed 
to obtain the monthly and annual values of load and yield shown in 
table 8. This technique is essentially a one-year approximation of 
the flow-duration sediment-rating curve method (Miller 1951, Colby 
1956). 
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Figure 14 .-- Suspended-sediment concentration versus turbidity for New River at New River
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Figure 15 .-- Suspended-sediment concentration versus, instantaneous water discharge for Clear Fork near Robbins



Table 8 . -- Calculated monthly suspended-sediment loads and yields for

Clear Fork near Robbins and a comparison with measured yields

for New River at New River

The calculated load for Clear Fork during the 1977 water year was

20,000 tons . The annual load measured at the New River outlet for

water year 1977 was 590,000 tons or 30 times that of Clear Fork . The

calculated 1977 annual yield for Clear Fork is 75 tons/mil and the

1977 measured yield for New River is 1,500 tons/mil . New River
basin discharged 20 times as much suspended sediment per square mile
as did Clear Fork . Over 80 percent of the annual load for both basins
were derived in the two months of March and April (table 8) .

Average annual suspended-sediment yield was also calculated for
Clear Fork near Robbins using a slightly modified version of the flow-
duration sediment-rating curve method (Miller 1951) . To calculate
average annual yield by Miller's method, the flow-duration curve is
divided into several ranqes of water discharge . The mean water dis-
charge value for each of these ranges is then used to obtain a corre-
sponding sediment discharge from the sediment-rating curve . These
sediment-discharge values are then multiplied by the percentage of
time that the flow is within the range that they correspond to . These

values are then summed, divided by 100, and multiplied by 365 to ob-

tain average annual suspended-sediment discharge .
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The average annual sediment-discharge value used in this report 
was obtained by entering each mean water discharge value into equation 
14 to obtain a suspended-sediment concentration value. These concen- 
tration values were then multiplied by their corresponding water dis- 
charge value and by the factor 0.0027, to transform them into sediment 
discharge values. 

These sediment-discharge values were then multiplied by the per- 
centage of time that the flow is within the range that they correspond 
to. These products were then summed, divided by 100, and multiplied 
by 365 to obtain average annual suspended-sediment discharge. 

The average annual suspended-sediment discharge calculated by the 
modified Miller method for Clear Fork near Rohbins is 16,000 tons per 
year and the average annual yield is 59 tons per square mile per 
year. These values show close agreement with those calculated for the 
1977 water year. 

The suspended-sediment discharge from both basins is dominated by 
a high percentage of silt and clay. This abundant load of fine- 
grained sediment not only affects the aesthetic quality of the water 
but it also carries with it a correspondingly large load of sorbed 
metals. 

The relationship between suspended sediment and the transport of 
sorbed metals has already been briefly introduced in the discussion of 
PH. Figure 16 shows the relation between suspended-sediment concen- 
tration and suspended-iron concentration for New River at New River. 
Although the relation could be more definitive with additional data 
from storms, the regression equation for the data yields an r value of 
0.95. The least squares equation is: 

Fe, = 831.73 + 28.5 C, (15) 

where Fe, = suspended-iron concentration in micrograms per liter, 
and C, = suspended-sediment concentration in milligrams per liter. 
The slope coefficient in equation 15 gives the weight of suspended 
iron per gram of sediment. Thus, 28.5 mg of suspended iron travels 
from the basin per gram of suspended sediment. 

Three other trace metals are also examined. Data for these addi- 
tional plots are available as total trace metal concentrations only. 
The least squares relation for total manganese (fig. 17) is: 

MI-IT = 221 + 0.48 C, (16) 

r = 0.94 

where MnT = total manganese concentration in micrograms per liter. 
The relation for total nickel (fig. 18) is: 
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Figure 16 .-- Suspended-iron concentration versus suspended-sediment
concentration for New River at New River



Figure 17 .--Total manganese concentration versus suspended-sediment
concentration for New River at New River

Figure 18 .--Total nickel concentration versus suspended-sediment
concentration for New River at New River
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where Ni T = total nickel concentration in micrograms per liter . The
relationship between total lead and suspended sediment is shown in
figure 19 . No regression equation was derived because of insufficient
data .

Although fewer trace-metal data were collected at the Clear Fork
outlet, the same relationships shown for the New River outlet can be
generated for the Clear Fork near Robbins site . The least squares
relation for suspended-iron and suspended-sediment concentration
(fig . 20) is :

Again, the slope coefficient for equation 18 represents the milligrams
of suspended iron removed from the basin per gram of sediment . The
slope coefficient for Clear Fork is essentially the same as for the
New River basin (eq. 15) . Thus, the difference in iron yields between
the basins is dependent on the difference in sediment yields from each
basin .

NiT = 9.62 + 0.02 Cs	(17)

r = 0 .94

Fe s = 28 .23 + 27 .97 Cs

	

(18)
r = 1

Figure 19 .-- Total lead concentration versus suspended-sediment
concentration for New River at New River

~W
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Figure 20 .-- Suspended-iron concentration versus
suspended-sediment concentration for
Clear Fork near Robbins

Figure 21 .-- Total manganese concentration versus
suspended-sediment concentration for
Clear Fork near Robbins



The least squares relation between suspended sediment and total

manganese for Clear Fork (fig . 21) is :

The relation for total nickel (fig . 22) is :

MnT = 33 .88 + 0 .95 Cs

	

(19)

r = 0.89

N'T = 1.50 + 0.09 Cs

	

(20)

r = 0 .86

Again a relation between suspended-sediment concentration and total

lead is shown in figure 23 without least squares calculations .

With values for suspended sediment for each basin, it is possible
to estimate the loads for the various metals examined previously . The
slope coefficients from equations 15 to 20 give the milligrams of
trace metal per gram of sediment . These slope coefficients were used
to calculate metal loads from the total suspended load for the 1977
water year (table 9) . Although the concentration of suspended iron
per gram of suspended sediment is equal between the two basins, the
total load for suspended iron in New River for the year is 30 times
that of Clear Fork . These loads translate into yields of 44 tons per
square mile for the New River basin and 2 .1 tons per square mile for
the Clear Fork basin .

Table 9 . -- Comparison of annual trace-metal loads between New River

at New River and Clear Fork near Robbins for water year 1977
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Figure 22 .-- Total nickel concentration versus suspended-

	

Figure 23 .--Total lead concentration versus suspended

sediment concentration for Clear Fork

	

sediment concentration for Clear Fork

near Robbins
near Robbins



CONCLUSIONS 

This report summarizes the water quality at the outlets of the 
New River and Clear Fork basins. Because these basins adjoin, some 
useful water-quality comparisons can be made. However, these basins 
are both large, and water quality at the outlet represents the inte- 
grated impact of each basin's various land use patterns. It is not 
possible to ascribe water-quality differences to any particular land 
use or basin characteristics with the data available. In order to 
identify specific impacts, data must be collected on much smaller 
watersheds. 

Sufficient values of sulfate concentrations were available from 
both small and large basins to show that sulfate concentration appears 
to be a good indicator of coal-mining activity. Of those basins 
sampled, all unmined basins showed concentrations less than 20 mg/L. 
Mined basins all had higher concentrations without regard to basin 
size or discharge. In Bills Branch where mining commenced in December 
1974, sulfate concentrations did not consistently exceed 20 mg/L until 
May 1975. Thus, some time lag after mining commences is evident. 

The glenera water quality of the outlets of the two basins of New 
River and Clear Fork can be shown by summarizing the relations given 
in this report. The summary of water-quality relationships for New 
River is shown in figure 24. Because this station has a water-quality 
monitor, much more information is measured directly. values that can 
be obtained directly from the monitor are shown in squares. Values 
that are calculated from a known value are shown in circles. On lines 
between the boxes and circles are the equations used to calculate the 
Iunknown circled value. Note that some measured variables also have a 
relation determined. These variables are denoted by hexagons. 

In figure 25 the summary of water quality for Clear Fork at 
Robbins is shown. Only discharge is monitored at this site. There- 
fore, all other constituents must be predicted from discharge. 

Concentrations and loads for each basin can be calculated from 
the equations. It must be considered that only one year of data was 
available for many parameters at New River and only a few samples were 
available for Clear Fork. As more data becomes available, these rela- 
tions may change. For the present, figures 24 and 25 allow one to 
summarize the water quality at New River, Clear Fork, and make some 
direct inferences about the quality of water entering the Big South 
Fork of the Cumberland River. 
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Figure 24 .-- Summary of New River at New River water-quality relations .



Figure 25 .-- Summary of Clear Fork near Robbins water-quality relations .
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