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PREFACE

In 1972, the U.S. Geological Survey and the North Carolina Department of Natural Resources and Community
Development jointly designed and implemented a statewide monitoring program to help identify current and emerg-
ing water-quality problems. As part of this program the U.S. Geological Survey devised a study to make a detailed
accounting of water quality in the large rivers of North Carolina at key locations. The three major goals of the Large
Rivers Study are:

1. Definition of variation in water quality,
2. Determination of pollution loads in streams, and
3. Determination of trends in water quality.

Data collected since the 1940’s have been used in this study to define water-quality variation and trends. Data recent-
ly collected from unpolluted streams were compared to data collected from large rivers to estimate pollution loads of
the large rivers.

This water-supply paper series includes all of the reports produced in the Large Rivers Study in the sequence that
they were written. Methodologies presented in the reports have changed with time, and the emphasis of individual
reports differ somewhat because of the data used and the individuality of the authors. However, each of the reports
devoted to a large river follows a similar format to allow comparison between streams.

Chapter A describes in detail the initial design and philosophy of the U.S. Geological Survey water-quality program
in North Carolina. Specific methodologies for the estimation of baseline water quality, pollution, and the evaluation
of trends in water quality discussed in Chapter A are applied and refined in subsequent chapters that present water-
quality assessments of individual large rivers. Chapter B elaborates on the methodology used in estimating baseline
water quality, and presents the results of a statewide baseline survey. Chapters C and D present water-quality assess-
ments of the French Board and Neuse Rivers, respectively. Chapter E is a water-quality assessment of the Yadkin-
Pee Dee River system. Assessments of the water quality of other large rivers in North Carolina will be published in
this series as the information becomes available.
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Water Quality of the Yadkin-Pee Dee River System, North
Carolina— Variability, Pollution Loads, and Long-Term Trends

By Douglas Harned and Dann Meyer

Abstract

Interpretation of water-quality
data collected by the U.S. Geological
Survey and the North Carolina Depart-
ment of Natural Resources and Com-
munity Development, for the Yadkin-
Pee Dee River system, has identified
water-quality variations, characterized
the current condition of the river in
reference to water-quality standards,
estimated the degree of pollution
caused by man, and evaluated long-
term trends in concentrations of major
dissolved constituents.

Three stations, Yadkin River at
Yadkin College (02116500), Rocky River
near Norwood (02126000), and Pee Dee
River near Rockingham (02129000)
have been sampled over different
periods of time beginning in 1906. The
Yadkin College station is located
downstream from Winston-Salem, N.C,,
a city of over 130,000 people, and
upstream from a chain of multipurpose
lakes on the river. The Norwood station
gages Rocky River, one of the largest
tributaries to the Yadkin-Pee Dee River
system. The Rockingham station is on
the Pee Dee River downstream from
the lakes, and is near the North
Carolina-South Carolina State line.

Overall, the ambient water quali-
ty of the Yadkin-Pee Dee River system
is satisfactory for most water uses. Iron
and manganese concentrations are
often above desirable levels, but they
are not unusually high in comparison to
other North Carolina streams. Lead
concentrations also periodically rise
above the recommended criterion for
domestic water use. Mercury concen-
trations frequently exceed, and pH
levels fall below, the recommended
criteria for protection of aquatic life.
Dissolved-oxygen levels, while general-

ly good, are lowest at the Pee Dee near
Rockingham, due to the station’s loca-
tion not far downstream from a lake.

Suspended sediment is the most
significant water-quality problem of
the Yadkin-Pee Dee River. A
dramatically decreasing trend in
suspended-sediment concentration
since 1951, observed for the Yadkin
River at Yadkin College, is probably
due to changes of agricultural prac-
tices and land use in the basin.

A double-peaked response of
suspended-sediment concentration to
stormflows is characteristic for the
Yadkin River at Yadkin College. The
first peak is caused by flushing of
sediments from Muddy Creek, a
tributary that drains southern Winston-
Salem, and the second peak is the
response of the Yadkin River itself. The
concentration peak from the Muddy
River occurs before the peak in the
hydrograph, demonstrating a first-flush
effect commonly observed in storm-
water-quality studies of urban areas.

The major cation in the river is
sodium and the major anions are bicar-
bonate and carbonate. Concentrations
of major dissolved constituents, and
specific conductance values are
generally highest at the Rocky River
near Norwood. Concentrations of most
dissolved constituents can be satisfac-
torily estimated from regressions of
constituent concentration on specific
conductance.

Nutrient concentrations are high
enough to allow rich algal growth.
Eutrophication is currently a problem
in the Yadkin-Pee Dee, particularly in
High Rock Lake. An estimated nutrient
and sediment balance of the system in-
dicates that lakes along the Yadkin-Pee
Dee River serve as a sink for sediment,

ammonia, and phosphorus. The lower
ammonia concentrations downstream
from the lakes are due primarily to ox-
idation, but lower phosphorus concen-
trations are due probably to consump-
tion by algae and precipitation with
sediment in the lake system.
Phosphorus is the dominant limiting
nutrient.

Pollution makes up approximate-
ly 59 percent of the total dissolved-
solids load of the Yadkin River at
Yadkin College, 43 percent for the
Rocky River near Norwood, and 29 per-
cent for the Pee Dee River near Rock-
ingham. The estimate of base flow used
in this calculation was 54 percent of
the total flow for the Yadkin River at
Yadkin College and 26 percent for the
Rocky River near Norwood. Base flow
for the Pee Dee River near Rockingham
was assumed to be 50 percent of the
total flow.

Statistically significant trends
show a pattern of increasing concentra-
tion of most dissolved constituents
over time, with a leveling off and
decline in the middle to late 1970's.
The pattern shows the most extreme
rise and fall for Rocky River consti-
tuent concentrations, while the
decrease is less pronounced for the Pee
Dee River near Rockingham, and least
apparent with Yadkin College concen-
trations. These results may be evidence
that upgraded waste-water treatment
or changes in industrial processes have
improved or at least slowed deteriora-
tion of water quality in the river
system.

Relatively steady increases in
sulfate and in nitrate and a steady
decrease in pH with time probably are
largely due to the increasing acidity of
atmospheric precipitation.

Yadkin-Pee Dee River System, North Carolina E1



INTRODUCTION

Growth of population, urbanization, and indus-
trialization in North Carolina has brought a corre-
sponding increase in water pollution. In 1972, to help
identify current and emerging water-quality problems,
the U.S. Geological Survey joined with the North Caro-
lina Department of Natural Resources and Communmnity
Development in desigming and implementing a statewide
water-quality monitoring program (Wilder and Sim-
mons, 1978). As an outgrowth of this program, the U.S.
Geological Survey began a study of the water-quality of
the large rivers of the State. The program incorporates
strategically located streamflow-gaging and water-
quality-sampling stations in nine river basins. Each sta-
tion serves to continuously update evaluations of am-
bient river-water quality.

The Geological Survey’s study has three major
goals:

1. Definition of variation in water quality,

2. Determination of pollution loads in streams, and

3. Determination of trends in water quality.
Identification of the presence of dissolved and suspend-
ed materials in stream water, and knowledge of how the
amounts of these materials change with stream condi-
tions, are critical to any evaluation of stream pollution.
It is also important to separate pollution, defined here
as any substance that is present in the stream as a result
of man’s activities, from the natural water-quality of the
stream. Finally, the evaluation of long-term trends in
water quality provides a historical perspective on the
changing character of the stream.

Purpose and Scope

The purpose of this report is to present the results
of analyses of water-quality data for three long-term
stations in the Yadkin-Pee Dee River basin. Data col-
lected in the period 1906-78 from the Yadkin River sta-
tion at Yadkin College, the Rocky River station near
Norwood, and the Pee Dee station near Rockingham
will be examined.

The results of this study are organized in a manner
designed to allow comparison with the results produced
from studies already completed (Daniel and others,
1979; Harned, 1980) and other studies. First, a basin
description gives characteristics which have important
relationships to water quality. These characteristics in-
clude population distributions, physical features of the
basin such as topography and geology, industrial and
municipal waste-disposal points, and ongoing programs
of stream-channel modification for flood control or
navigation. Second, a summary of water-quality

E2 Water Quality of North Carolina Streams

analyses gives an overview of the condition of the river.
Next, an accounting of pollution and baseline water
quality reveals the effect man has had on the stream.
Finally, water-quality changes throughout the total
period of data collection allow an examination of past
and projected trends in pollution of the Yadkin-Pee Dee
River systein.

Recent Water-Quality Studies

The Yadkin-Pee Dee River basin is currently
(1980) the focus of a comprehensive effort, primarily by
North Carolina, South Carolina, and Federal water-
resources agencies, to define the problems of and pro-
pose options for effective management of water-re-
sources allocation, development, and use. This type of
comprehensive planning study, termed a “Level B
study” represents the second phase of the three-part
planning process outlined by the Water Resources
Council (1973) as part of the requirements of the Water
Resources Planning Act of 1965 (Public Law 89-90,
89th Congress, July 22, 1965, and Public Law 94-112,
94th Congress, H.R. 5952, October 16, 1975).

The first phase of this comprehensive planning
study, Level A, resulted in the North Carolina Water
Resources Framework Study conducted by the North
Carolina Department of Natural and Economic Re-
sources (1977) which outlines major water resources
problems throughout the State. Problems listed in the
report and the Pee Dee Basin Framework Study (South
Carolina Water Resources Commission, 1977) for the
Yadkin-Pee Dee River basin in North Carolina include
erosion and sedimentation, protection of water sup-
plies, optimal operation of hydropower and flood-
control lakes, interbasin transfer of water, and pollu-
tion control.

The second phase of the comprehensive study,
Level B, defines alternative plans to address the prob-
lems compiled in the earlier phase. Several reports of the
Comprehensive Water Resources Study for the Yadkin-
Pee Dee River system have been produced (North
Carolina Department of Natural Resources and Com-
munity Development and others, 1979a, 1979b, 1980a,
1980b, 1980c, 1980d). These studies are designed to lead
eventually to direct implementation of an optimal
water-resources plan for the Yadkin-Pee Dee River
basin (the Level C phase).

Other recent studies have been produced that are
related to the comprehensive water-resources study or.
that discuss more specific basin problems. A report on
erosion and sediment within the basin is one of eight en-
vironmental inventories published by the U.S. Depart-



ment of Agriculture (1979) for the Level B study. This
report emphasizes that sediment is the most significant
nonpoint source pollutant in the basin. A report by
TRW (1975) prepared for the National Commission on
Water Quality gives a detailed overview of the water
quality and quantity of the Yadkin-Pee Dee basin using
the basin as a representative example to help the Com-
mission in their assessment of the condition of the Na-
tion’s waters. The environmental impact statement for
the Perkins Nuclear Station (Duke Power Company,
1975) to be built not far from the Yadkin College gaging
station is a catalog of specific environmental and demo-
graphic information for a large section of the upper
Yadkin-Pee Dee basin. Olmsted and Leiper (1978) also
report on environmental data in the vicinity of the pro-
posed plant. One of the major impacts of the proposed
Perkins Power Plant will be the consumptive use of
water by the plant’s cooling operations. This issue has
been addressed in a study by the North Carolina Depart-
ment of Natural and Economic Resources (1976b) and
with results of a flow-prediction model (Tang, 1976).
Another report, compiled by faculty and students of
Davidson College, focuses on the problems of the
Rocky River basin, the primary tributary of the Yadkin-
Pee Dee River system (Gable and Lammers, 1976).

Wiess and others (1981) recently completed a com-
prehensive study assessing the water quality of the Up-
per Yadkin River and the High Rock Lake. This de-
tailed study is based on data collected during the period
of October 1977 to September 1978.
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BASIN DESCRIPTION

The Yadkin-Pee Dee River basin lies in central
North Carolina, extending from Virginia into South
Carolina (fig. 1). Originating on the eastern slopes of
the Blue Ridge Mountains of North Carolina, the
Yadkin River flows east for about 100 miles before turn-
ing sharply south near Winston-Salem. In south-central
North Carolina, the Yadkin River joins the Uwharrie
River from the east. Downstream from this confluence,
the river is known as the Pee Dee River. In eastern
South Carolina, the Pee Dee River joins the Lumber
River, which drains southeastern North Carolina. The
10,556 mi2 combined drainage area of the Yadkin-Pee
Dee-Lumber Rivers is the largest river basin in North
Carolina.

This report concerns only the upper 6,870 mi? of
the basin upstream from the U.S. Geological Survey’s
water-quality monitoring station at mile 192 of the Pee
Dee River near Rockingham (fig. 1). This area includes
all or part of 22 North Carolina counties, as well as
small areas in Virginia and South Carolina. Major
tributary streams in this part of the Yadkin-Pee Dee
basin include the Ararat River, Deep Creek, Muddy
Creek, Abbotts Creek, South Yadkin River, Uwharrie
River, Little River, and Rocky River (fig. 1), and many
smaller streams. Hereafter, any reference to the Yadkin-
Pee Dee basin will refer to the basin area upstream from
Rockingham.

Many large dams impound the waters of the trunk
stream throughout its course. The lakes, which were
originally built for hydropower, now serve as multi-
purpose impoundments providing flood control, hydro-

Yadkin-Pee Dee River System, North Carolina E3



P_L~-\ R G FON A

( e
A S H R 2 Y r:\s f oK Es l

~ S\ )
\ . A |

b, 'O | .
» r - ——— . —— e —
a9, 4 qiver 1\ . —I—— .

(% . xin
o vod ' & “ \ !

= 36°

S e , - § .
. 0 Y A\ O ) NN winston
Wy 402112000 5 i F
' Wilksboro o X GUILFORD
N W, Kerr Scott F 9 R T H
\ Lake
. b
. ) —_—
- VAN

36— \‘a\,/, b /\
LE oznesoo h\

OD A IDEOA ‘
Yadkin
wba “
Cata 1 College | & (
Q
{
: '
- High I ~
9
Rock -2
A N Ay Loke N
o
2 s
>
Tuckertown
A Badimn
lake La/re

Fo//s \
Laﬁe 4
’ Albemorle ‘,

/ S TANL y Laotke
Norwood Tinery

Mountam
Isiond Lake

Charlotte

A el
" Rocky RivE

_//I/Loznzseau
/\V\/

O Monroe

—_———

} O N

C AROLI
30 40 50 MILES NOoA
J

1
40 60 80 KILOMETERS

EXPLANATION

02126000
v Water-quality sampling station and number

A Stream-gaging station
—--— Basin boundary
Figure 1. Locations of water-quality sampling stations used in the Yadkin-Pee Dee River basin study.

E4 Water Quality of North Carolina Streams



electric power, cooling water, recreation, and water sup-
ply for the basin.

Climate

The climate in the Yadkin-Pee Dee basin is char-
acterized by hot, humid summers and mild winters. The
mountain areas in the northwestern section of the basin
receive the largest mean annual precipitation, of up to
53 in (Idlewild weather station: National Oceanic and
Atmospheric Administration or NOAA, 1973). In the
southern part of the basin, the mean annual precipita-
tion at the Mount Gilead weather station is 43 in
(NOAA, 1973). The northwestern part of the basin is
the coolest, with a mean annual temperature of about
57°F. (13.9°C.). The southern part of the basin has a
mean annual temperature of about 62°F. (16.7°C.
NOAA, 1973).

Streamflow

The average daily discharge of the Yadkin River at
the Yadkin College station is 2,970 ft3/s (range:
177-80,200 ft3/s) for the 50-year period of record be-
ginning in 1928. With a drainage area of 2,280 mi2, the
average discharge is 1.30 (ft3/s)/miz2.

The average daily discharge of Rocky River at
Norwood is 1,330 ft3/s (range: 17-10,500 ft3/s) or 0.97
(ft3/s)/mi? (drainage area 1,370 mi2) for the 49-year
period of record (1929-78). The discharge of the Pee
Dee River near Rockingham is affected by regulation of
the hydroelectric dams on the river. The average daily
discharge of Rockingham is 7,997 ft3/s or 1.16
(ft3/s)/mi? for the drainage area of 6,870 mi? (range:
50-276,000 ft3/s).

Discharge at the three stations tends to be lowest
in the early autumn, increasing to maximum during the
winter.

Geology and Physiography

Most of the Yadkin-Pee Dee River basin lies in the
Piedmont physiographic province of North Carolina.
The Piedmont is divided into three major geologic units.
The Inner Piedmont consists of a northeast-southwest-
trending band composed of a large variety of gneisses
and schists. The Charlotte Belt is roughly parallel to,
but east of, the Inner Piedmont and consists of granitic
and dioritic rocks. The Carolina Slate Belt lies still fur-
ther east and consists of slatelike rocks of volcanic
origin, as well as mafic and felsic volcanic rocks.

Smaller subdivisions in the Piedmont include the Kings
Mountain Belt which consists of metasedimentary
rocks. The Kings Mountain Belt lies between the Inner
Piedmont and Charlotte Belts. Two Triassic basins lie in
the Yadkin-Pee Dee drainage area, one in Yadkin and
Davie Counties and the other, the Wadesboro Basin, in
Anson and Montgomery counties. Rocks in these basins
consist of red to purple sandstone and conglomerate.

As much as 200 ft of saprolite, the residium of in-
place weathering and leaching of bedrock, form most of
the surficial unit in the Piedmont. The depth of leaching
is determined by structural features of the bedrock, par-
ticularly faults, joints, and fractures. However, because
erosion tends to remove products of weathering from
the uplands, the thickest saprolite usually occurs on
lower valley walls and beneath alluvial-valley fill.

The Yadkin River originates in the northwestern
extreme of the basin among the gneisses and schists of
the Grandfather Mountain Window (an area where ero-
sion has penetrated a thrust fault to expose metasedi-
mentary rocks lying beneath) and other metamorphic
rocks of the Blue Ridge Front. Tributaries of the Pee
Dee River in Richmond County at the southern margin
of the drainage basin drain small areas underlain by the
Upper Cretaceous Cape Fear and Middendorf Forma-
tion consisting of sands and clays.

The stream gradient of the Yadkin River as it
descends the Blue Ridge to the W. Kerr Scott Reservoir
in Wilkes County is 3.8 ft/mi. The free-flowing Yadkin
River downstream from the W. Kerr Scott Reservoir has
an average gradient of 2.9 ft/mi to High Rock Lake,
near the center of the basin. The large stream gradient
(7.5 ft/mi) as the river enters and traverses the Carolina
Slate Belt, is harnessed by a series of hydroelectric
dams. Downstream from the last dam at Lake Tillery to
the South Carolina border the gradient is 2.5 ft/mi.

Population

The 1970 population of the Yadkin-Pee Dee basin
in North Carolina was approximately 875,000 persons
(North Carolina Department of Water and Air
Resources, 1972). The percentages of total basin
population in subbasins of the Yadkin-Pee Dee basin
are given in figure 2. The 1970 population represents an
increase of about 11 percent over the 1960 population.
As the population increases, it is becoming more urban-
ized. Most cities and towns have shown population
growth during 1960-70. By 1970, 34 percent of the basin
population was residing in large towns and cities of over
10,000 persons, and 45 percent of the population lived
in municipalities of 1,000 persons or more.

Yadkin-Pee Dee River System, North Carolina E5



Table 1. Major municipal and industrial waste-water discharges in the Yadkin-Pee Dee River basin (data from North Carolina

Department of Natural and Economic Resources, 1975, and Environmental Management Division files)

Location of Design flow

Facility Location waste discharge (ft3/s)

1___Wilkesboro Wilkes County _._________ Cub Creek _____________ 5.1

2___Chatham Manufacturing Company, Elkin .  SurryCounty ______.______ Yadkin River —__________ 6.2

3___Ekin do do 4.7

4___Mt. Airy do. Ararat River ____________ 24.8

5___Salisbury Rowan County __________ Grants Creek ____________ 7.8

6___NC Finishing Company do. High Rock Lake _________ 6.6

7_---Duke Power Company do do 7.0

8 ___Winston-Salem Forsyth County __________ Salem Creek ____________ 55.8

9___Statesville Iredell County ________ ThirdCreek _____________ 6.2

10___High Point Davidson County ________ Rich Fork Creek _________ 6.2
11___Thomasville Hamby Creek ___________ 6.2
12___Mooresville Industrial Iredell County ___________ Dye Branch _____________ 6.2
13___Cannon Mills Company ________________ Kannapolis do 26.4
14___Concord Regional Cabarrus County ________ Rocky River _____________ 37.2
15___Monroe Monroe County —________ Richardson Creek . _____ 7.0
16___Rockingham Richmond County _______ Hitchcock Creek _________ 9.3
Total 222.6

Total basin 325.3

Water Uses and Waste Disposal

The North Carolina Department of Natural and
Economic Resources (1976¢) catalogued all major point
sources of effluent discharge into the Yadkin-Pee Dee
River system. Sixty-eight percent (222.6 ft3/s) of the
total waste water discharged into the river system (325.3
ft3/s) is from 16 large sources which are given in table 1.
The location of these 16 major discharges, together with
the proportion of total waste-water discharge account-
able to point sources per subbasin are given in figure 3.
A general correspondence of discharge of waste water
and population per subbasin is evident from a compari-
son of figures 2 and 3. The Archie Elledge Waste-Water
Treatment Plant at Winston-Salem is the single largest
effluent source. For comparison, the average 7-day,
10-year minimum low-flow value at Yadkin College is
640 ft3/s, 40 ft3/s at the Norwood station, and 1,110
ft3/s at the Rockingham station. These low-flow values
are based on the log-Pearson analysis of 1929-78
discharge data. Recent variation due to regulation at the
W. Kerr Scott Dam for the Winston-Salem water supply
has increased the Yadkin College minimum flow value.

Hydrologic Modifications

The discharge through the lakes on the Yadkin
River, including Tuckertown Lake, Badin Lake (Nar-

E6 Water Quality of North Carolina Streams

rows Lake), Blewett Falls Lake, and Lake Tillery, is
determined by the level of High Rock Lake and
regulated by the Federal Power Commission. Recrea-
tional needs place additional constraints on the manage-
ment of High Rock Lake. A discharge of 8,000 ft3/s
through High Rock Dam may be maintained, if the lake
level is higher than 654 ft National Geodetic Vertical
Datum (NGVD) of 1929 during summer, although the
same discharge can be maintained during the rest of the
year at lake levels as low as 644 ft NGVD of 1929.
Federal Power Commission regulations require lower
rates of discharge from the dam if High Rock Lake’s
level falls below 644 ft NGVD of 1929. Neither Lake
Tillery nor Blewett Falls Lake are strictly regulated and
are rarely drawn down very much. Flow is regulated at
the W. Kerr Scott Dam site so that a minimum flow of
700 ft3/s is maintained at Yadkin College and the max-
imum flow at Wilkesboro (02112000) is 5,400 ft3/s.

Additionally, there are about 30 impoundments
on tributary streams used for municipal water supplies
and for many smaller impoundments and farm ponds.

The Soil Conservation Service (1979) has planned
or completed channel iniprovements on five tributary
streams in the northern section of the basin above High
Rock Lake and along tributaries of Rocky River. The
Army Corps of Engineers has not undertaken any chan-
nel improvement projects in the basin during this cen-
tury (U.S. Army Corps of Engineers, 1979).
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DATA COLLECTION

The U.S. Geological Survey has regularly
monitored streamflow at 29 stations in the basin.
Monitoring has been continuous for 30 years or more at
nine of these stations. Water-quality data have been col-
lected regularly at three stations: (1) Yadkin River at
Yadkin College (02116500), (2) Pee Dee River near
Rockingham (02129000), and (3) Rocky River near Nor-
wood (02126000). The Yadkin College station gages
2,280 square miles of the basin; the Norwood station
gages 1,370 mi2; and the Rockingham station gages
6,870 mi? of the basin. The locations of the stations are
given in figure 1, and the period of record is illustrated
in figure 4.

The station at Yadkin College provides informa-
tion about the segment of the Yadkin River upstream
from the extensive lake system. This station is located
downstream from Winston-Salem, a city of over
130,000 (U.S. Bureau of the Census, 1971). The Yadkin
College station is part of the National Stream Quality
Accounting Network (NASQAN) of the U.S. Geologi-
cal Survey (Ficke and Hawkinson, 1975).

Chemical data for the Yadkin River have been col-
lected at Yadkin College during the 1944, 1951, and
1956-80 water years (a water year begins on October 1
and ends September 30). Samples at the three Yadkin-
Pee Dee stations prior to 1973 were analyzed for major
ions, dissolved solids, hardness, specific conductance,
and pH. Daily sediment samples have been collected at
Yadkin College since 1950. A continuous-recording
water-quality monitor was used to measure dissolved
oxygen, specific conductance, temperature, and pH
from 1971 to 1976 at Yadkin College.

The station on the Rocky River near Norwood
provides water-quality data for the Rocky River, a ma-
jor tributary to the Yadkin-Pee Dee, at a location just
before it enters the Pee Dee River. Chemical data for the
Rocky River have been collected near Norwood for the
1948, 1956-58, 1968-73, and 1977-80 water years.
Chemical data for the water years 1959-67 were col-
lected at Gaddy, near Norwood. The Gaddy station was
approximately 2 mi upstream from the Norwood gaging
station. For the purposes of this report, the Gaddy and
Norwood station data will be merged and treated as one
station, hereafter referred to as Rocky River near Nor-
wood.

Chemical data for the Pee Dee River have been
collected near Rockingham during the 1908, 1947-48,
and the 1958-80 water years. This station is also part of
the NASQAN.

An expanded program of water-quality data col-
lection at the three Yadkin-Pee Dee stations began in

Yadkin River at Yadkin
College (02116500)

South Yadkin River near
Mocksville (02118000)

Rocky River at Gaddy
(02125681)

Rocky River near Norwood

(02126000)
Pee Dee River near
Rockingham (02129000) i
1900 1920 1940 1960 1980

WATER YEAR
EXPLANATION

V.2 Dally discharge record

Daily specific conductance f
data

hemical data collected
ediment data collected

Figure 4. Period of record for water-quality sample collection
and discharge measurement at five stations in the Yadkin-Pee
Dee River basin.

1973. Periodic measurements of organic substances,
nutrients, toxic materials, metals, and biota are now
also part of the ongoing study.

WATER-QUALITY VARIATION

Water quality of rivers varies with changing en-
vironmental conditions. Seasonal variation is caused by
changing temperature, discharge, photo-period, and
many other associated environmental variables. Diel
variation in water quality is produced by the many small
environmental changes that occur during the day-night
cycle. In addition, dramatic changes can result from
rapidly occurring events, like a flood, or a malfunction
at a waste-water treatment plant.

In light of the range of variation in ambient water
quality observed in streams, the evaluation of water
quality presented in this report is referenced, when ap-
propriate, to the frequency of occurrence of the sample
concentrations or values. In addition, water-quality
criteria set by the U.S. Environmental Protection Agen-
cy (1976) are used to indicate the relevance of the water
quality to various uses of the water. Only relatively re-
cent (1970-78) water-quality data are used in this
evaluation to better reflect the current status of the
water quality of the Yadkin-Pee Dee River system.
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Physical Characteristics

Dissolved Oxygen and Water Temperature

River-water temperature mimics air temperature
in a general manner, although the heat storage capacity
of water prevents rapid temperature variation, and
causes a lag in the response to air temiperature. The
comparison given in figure 5 between daily average air
temperature and daily average river-water temperature
at Yadkin College demonstrates the response of the
water to variations in air temperature for 1977. A sum-
mary of water temperature statistics appears with
statistics for other physical characteristics in table 2.

Another example of the interplay between air and
water temperatures is given in figure 6. A storm near the
Yadkin College station in January 1975 was associated
with a dramatic drop in air temperature. However, the
water temperature variation is much less extreme, illus-
strating the damping effect of the heat-storage capacity
of water.

The solubility of oxygen in water varies inversely
with water temperature, so that the saturation concen-
tration of oxygen in water is greater in cold water than it
is in warm water. Thus, the lowest dissolved-oxygen
concentrations will occur during summer months when
the water is warmest. U.S. Environmental Protection
Agency (1976) criteria purport 5.0 milligrams of oxygen
per liter of water to be a minimum for the maintenance
of a varied fish population. Although lesser dissolved-
oxygen concentrations do not necessarily cause fishkills,
particularly if the phenomenon is short-lived, oxygen-
depleted waters encourage more tolerant fish species
and lessen species diversity among the fish population in
the stream.

Plots of water temperature versus dissolved-
oxygen concentration for Yadkin College, Norwood,
and Rockingham stations are given in figure 7. These
data represent daytime dissolved-oxygen concentrations
because all sampling was done during the day (for the
difference between day and night dissolved-oxygen con-
centrations see the section, “Diel Variations”). Daytime
dissolved-oxygen concentrations are often higher than
at night because during the day, photosynthesis of
plants in the stream produces more oxygen than is con-
sumed by respiration and decomposition of these
plants. At night, respiration and decomposition con-
tinue to consume oxygen, lowering daytime dissolved
oxygen levels. Neither Yadkin College nor Norwood
show serious oxygen depletion, although the observed
concentrations are often below saturation levels. The
mean dissolved-oxygen concentration near Rockingham
is the lowest of the three stations (table 2), and the plot

E10 Water Quality of North Carolina Streams

of dissolved oxygen versus temperature (fig. 7) shows
that a substantial number of sample concentrations fell
well below oxygen-saturation levels. Several sample
concentrations fell below the U.S. Environmental Pro-
tection Agency (1976) minimum criterion for dissolved
oxygen. The Rockingham station lies only 8 mi down-
stream of Blewett Falls Dam, the terminus of the series
of lakes and dams on the Yadkin-Pee Dee River system.
These large lakes strongly affect the physical conditions
of the Pee Dee River near Rockingham. The low
dissolved-oxygen concentrations often found at the
Rockingham station are largely the effect of discharge
of water with lower levels of dissolved oxygen from the
bottom of Blewett Falls Lake.

Large impoundments tend to limit the interchange
of gases between the atmosphere and water by decreas-
ing the surface-to-volume ratio and by lowering turbu-
lence. Furthermore, eutrophic lakes, such as High Rock
Lake (Weiss and Kuenzler, 1976), can accelerate the
depletion of dissolved oxygen as algae die and become
oxygen-demanding decaying matter.

pH

The slight variation present among the pH
measurements at the three stations is evident from table
2. Samples collected at Norwood are less acidic than
either Rockingham or Yadkin College samples. Yadkin
College samples are usually the most acidic. The river
water at all stations is suitable for domestic water sup-
ply, falling within the pH range recommended by the
U.S. Evironmental Protection Agency (1976). The more
stringent range of pH values recommended for the pro-
tection of fish (pH 6.5-9.0) is not met at Norwood in 20
percent of the samples, at Rockingham in about 30 per-
cent of the samples, and in 50 percent of the samples
from Yadkin College. Although slightly acidic waters
may not be in themselves toxic to fish, the toxicity of
other substances can be increased under acidic condi-
tions.

Suspended Sediment

Suspended sediment includes all material, organic
and inorganic, held in suspension by the streamflow.
The muddiness of North Carolina rivers due to this
suspended load was not characteristic of these rivers in
their pristine state as described by early explorers of the
State (North Carolina Department of Natural Resources
and Community Development, 1979). Causes of in-
creased suspended sediment in the Yadkin-Pee Dee
basin include agricultural practices, urban storm run-
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Figure 6. Air and water temperatures during the flood of
January 9-18, 1975, on the Yadkin River at Yadkin College.

off, atmospheric fallout, construction practices, and
waste-water discharge.

Stream sediment is associated with a number of
environmental problems. Sedimentation affects the
storage capacity and, thereby, the long-term usefulness
of lakes. Contaminants, especially nutrients, pesticides,
and some metals, tend to be concentrated in sediment.
Sediment can choke or bury aquatic fauna and decrease
the penetration of sunlight which in turn decreases
photosynthetic activity. The net biological affect of ex-
cessive sediment is a reduction in the abundance and
variety of life in the stream or lake. Finally, an unquan-
tifiable amount of aesthetic damage is done to streams
and lakes choked by sediment.

Suspended sediment is the most significant water-
quality problem in the Yadkin-Pee Dee River system. At
Yadkin College, high suspended-sediment concentra-
tions are typically associated with the initial peak dis-
charge of floods. The double-peaked hydrograph and
suspended-sediment concentration curve of a storm
which occurred on January 9-17, 1975, are given in
figure 8. In this event, sediment concentration peaks
shortly before the discharge peaks. An initial flushing
effect, whereby easily erodable material is removed by
the stream, causes all subsequent peaks on the sediment-
concentration curve to be lower, even though the sub-
sequent discharge peak is higher than the first. A
double-peaked sediment-concentration curve associated

E12 Water Quality of North Carolina Streams

with each discharge peak often occurs at Yadkin Col-
lege. This multiple peak is probably due to a super-
imposition of the peak of sediment concentration
flushed from the Muddy Creek tributary over the sedi-
ment-concentration peak of the Yadkin River itself. The
first peak corresponds to the rapid response of Muddy
Creek, and the second peak corresponds to the slower-
responding Yadkin River.

Suspended-sediment concentrations versus dis-
charge for samples collected at Yadkin College are plot-
ted in figure 9, for Norwood in figure 10, and for Rock-
ingham in figure 11. The relation between suspended-
sediment concentrations and discharge for Yadkin Col-
lege has been broken down into two lines. At high
discharges, the plot for Yadkin College flattens out, in-
dicating possibly that above approximately 7,500 ft3/s
the sediment supply potential of the catchment area up-
stream from Yadkin College has been almost reached.
The correlation between suspended-sediment concentra-
tion and discharge is greatest at Norwood (correlation
coefficient; r=0.89), intermediate at Yadkin College
(r=0.78), and least at Rockingham (r=0.56). These
results indicate that suspended-sediment concentrations
in the Pee Dee River near Rockingham are less depend-
ent on discharge than are the suspended-sediment con-
centrations at Yadkin College and Norwood. Flow
regulation of the lakes upstream from Rockingham and
the settling of sediments in the lakes may be the cause of
the difference in these relations. In addition, the data
for the Pee Dee River near Rockingham show two
distinct clusters, one at low discharge (300-1,000 ft3/s)
and one at high discharge (7,000-30,000 ft3/s). For each
cluster, the value of r would be very small. This cluster-
ing is probably due to flow regulation.

Sediment Transport

Annual sediment transport, the total annual load
of suspended sediment in a stream flowing past some
location along the stream, was calculated for the Yadkin
River at Yadkin College, the South Yadkin River near
Mocksville, Rocky River near Norwood, and the Pee
Dee River near Rockingham. Methods described by
Miller (1951) and Colby (1956) were used in this
analysis. Sediment transport results for water years
1974-78 are given in table 3. With the exception of
Rockingham, total sediment transport is roughly pro-
portional to drainage area. Sediment yield is greatest at
Yadkin College and least at Rockingham.

The sediment-transport calculations allow an
estimation of the amount of sediment deposited each
year throughout the series of lakes. In this estimation, a
specific weight of 64 Ib/ft? (Reeder, 1973) was used to
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