





TR

3 1818 00017914 1

SEDIMENT CHARACTERISTICS OF NORTH CAROLINA STREAMS, 1970-79 / 7~

by Clyde E. Simmons

U.S. GEOLOGICAL SURVEY
Open-File Report 87-701

Prepared in cooperation with

NORTH CAROLINA DEPARTMENT OF NATURAL RESOURCES AND COMMUNITY DEVELOPMENT

Open-file rer et
Gen'ngice! SHaFY

Raleioli. Nkl Carol 103 .S,

1988



DEPARTMENT OF THE INTERIOR
DONALD PAUL HODEL, Secretary

U.S. GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information

write to:

District Chief

U.S. Geological Survey
Post Office Box 2857
Raleigh, North Carolina

27602

Copies of this report can be
purchased from:

U.S. Geological Survey
Books and Ogen-Fi1e Reports
Box 25425, Federal Center
Denver, Colorado 80225



CONTENTS

Page
BRAERICY 5 & collt o nrE e s RTE RoE RN S e T e TRAP AT § s e 1
pr e 1L T e SRS B, M ARRRINE IR T T SN S G R A 2
PUrDOsSe "SI0 SBOPE .o 170 3 i i T s e wos e e mlww e wig ko 2
PravioSs  sCUEIRE. i 5 b e e han o LN e sanithe ¢ MRS v G e s w0y 3
REKAONTOIERONES v s s S e o &) st o B s 6 e a il w el 6
Physical features of North Carolina significantly related to
eosion il sodienl TrilspOrt . . .5 v % et v i e e 6w alfe s o ow 6
STOPE o v W i i n v e w9 BeTe shew wi s AT 6 e as R 8
Physiographic provinces and drainage. . . . . . . . . . . . . . R
BILRITOR DIVIRE I PR s . 50 i aiw o b whs ke i i e b 8
PN DEAVIROR . . ilnion: o o tie e Rl B e A ST 10
COASTRI-PIAID ProviBlEe . i 0 o o fer s s 00 5 M RS0 v s 5 11
SAIY CHITICEERIBUILS. = L o carir o tilS sIhO & e e SN M 12
T N I . o R e Ry T, rna 16
EFRCER Of VRSEIVOIRE S o i s 5 T h aie arie Wenrh alalhE S 18
Hydrologic conditions during studyperded. . o . .- ¢ o o 4 'on o o 4 5 19
BRI ERETON .. o 5" s % . oo o o Th b W T8 wak Y T e 19
BPBMION: s & o g indsiats T 5 s S o BE s u v i T e g 22
Sediment-sampling network and methods of computation . . . . . . . . .. 25
DRISY - SaRRI 100 SLALIOBE. .18 o o .x v o WHe e 3 aipiriis Sim_ eiame +-w 27
RErTOGIcC SDIDIING STATINS. . iih o o 7 0 s il h b a4 B e 28
Methods of sampling and laboratory anmalysis . . . . . . . . . . .. 32
Effects of land use on characteristics of sediment transport . . . . . . 35
Forested basins representing background conditions. . . . . . . . . 35
Forested basins having minor development. . . . . . . . . . . ... 40
Rural basins affected by agriculture. . . . . . . . . . . . . . .. 41
Rural basins affected by nonagricultural activities . . . . . . .. 55
BB ANNRT YIRS . & oiiiin . i o ) MRy SN P B R e A 61
Highway and large-scale construction . . . . . . . . . . . .. 62
BEBMIZEC TN P % o . s ow s el e aamid T S e v TR e 62
BESOPVOITS o L0 il o o e s o Coal P gty e A s 63
FUREEIE INS . « it sty b o e e P g AR gt & & N R A 67



Comparisons of suspended-sediment transport characteristics with

Selected Dasty charsctepishios 5 . 5 '3 v PR o v o i ik jucie o e 74
SIVRERGISEINRIR,. & & otps e Alee v ¥ o ke B ainw e P R, R 74
Particie size of suspended sedMBRL. .. . o i iy Ear w e e 0 79
% T BT PR LTRSS e sl L S Rl T . S R 79
Effects of stream-slope change across Fall Line . . . . . . . . . . 84
Gross erosion and sediment-delivery ratio . . . . . . . . . . . .. 88

Estimating sediment transport from basins. . . . . . . . . . . . .. .. 91
RSt Tonsl SEaIeR .0 2t v s & vl e ik AR s f i T 98
T T Bt B PR S P R v i S A S R T e 100
ROERVBRCeE . & o ai o sty o s o To Rt il o o N ot late Al a4 N 103
GIOSSARY £ oy L ot i T S CToRael L T LT, SRR AT SRR AR et 111
ILLUSTRATIONS

Page

Figures 1-4. Maps showing:
1. Location of sediment-sampling sites . . . . . . . . . 4
2. Counties and major population centers . . . . . . . . )
3. Hydrologic units and major streams in North Carolina. 9
4. Generalized soils of North Carolina . . . . . . . .. 15

5-8. Graphs showing:
5. Comparison of annual precipitation during study
period with long-term averages (dashed line)
G%-SeTected POTRTS. “. 7% 5 . sl i « e se Rt v ¥ 21
6. Comparisons of flow-duration curves for period of
record and the 1970-79 reference period at

selected long-term index gaging stations . . . . . . 23
7. Sediment-transport curve for Eno River near

Bl J0TU-T9 . - . i 5 Bgie e 3 e @ 3 Pa o P e 30
8. Flow-duration curve for Eno River near

Duian: IDTEED -0 o e e Voo it LTSRN 31

iv



10.

3 ¢

12-17.

18.

19.

Page

Map showing estimated annual sediment yield and median and
maximum suspended-sediment concentrations for streams
draining forested basins representing
backgroind condItions:".", . ¢ o PN GOSN LY aes s 38

Graph showing relation of the content of organic material
in suspended sediment to concentration of suspended
sediment for streams in selected forested basins . . . . 40

Graph showing comparisons of mean annual suspended-
sediment yields for forested basins with and
without - winor develobmmnt. . U. . . 5 « <l S 43

Maps showing:

12. Percentage of time indicated mean concentration of

suspended sediment was equaled or exceeded in

rural basins affected by agriculture. . . . . . . . 51
13. Major soil units and approximate mean concentration

of suspended sediment during high flow (0.1-

percent flow duration) for rural sites

affected by agriculture and less than

400 square miles in size. . . . . . . . . . . . .. 52
14. Suspended-sediment characteristics in the lower

Capn Folr-RIVer Bastil . . . . ¢ ; il e o o, 54
15. Mean annual suspended-sediment yield for rural

sites affocted by SgricuBLure . . . " ¢ vis oo ai 56

16. Selected suspended-sediment characteristics, by
major river basin, for predominately rural

basins affected by agriculture. . . . . . . . . .. 57
17. Locations of reservoirs that affect reported
strean-sediment data. . . % . L. ol s w v e 65

Graph showing flow and suspended-sediment hydrographs for

inflow and outflow of Lake Logan, West Fork Pigeon

River, during the storm of August 7-8, 1978. . . . . . . 66
Graph showing sediment-transport curves for sampling

stations on the Neuse and Haw Rivers showing

changes in sediment discharge after

construction of major reservoirs

immediately upstream from stations . . . . . . . . . .. 68



20.

21-28.

Page

Map showing maximum observed concentration of suspended
sediment and mean annual yield at urban
SO SERBE < o 2 sias s WD e el b Modre worviE % 71

Graphs showing:
21. Streamflow and suspended-sediment concentration

hydrographs for Yadkin River at Yadkin

College, October 1978 - April 1979. . . . . . . . . 75
22. Velocity profile and mean concentration of suspended

sediment in selected verticals during a flood

at Twelve Mile Creek near Waxhaw, May 8, 1978 . . . 76
23. Mean annual suspended-sediment yield for selected

pristine forest, rural-agriculture, and urban

sites in the Piedmont province. . . . . . . . . . . 82
24. Mean suspended-sediment concentration, by percent

flow duration, for pristine forest, rural-

agriculture, and urban sites in the

Fiadiont Provincl . . . . e s e & AFea e s 4 83
25. Effects of low channel slope on the suspended-

sediment discharge of the Neuse and Cape

Fear Rivers when they reach the Coastal Plain . . . 85
26. Comparison of mean annual suspended-sediment yield,

by Tand-use category, for drainage areas of less

than 400 square miles, with values of gross

erosion computed on statewide basis . . . . . . . . 91
27. Multiple-group clustering of rural-agricultural

affected sediment sites obtained from comparing

selected basin and sediment characteristics

by representative soil class. . . . . . . . . . .. 96
28. Relation of mean annual suspended-sediment discharge

to drainage area by soil class for urban

and rural-agricultural affected basins. . . . . . . 98

Vi



Table

A

10.

11.

3.

13.

14.

19.

TABLES

Name, location, and physical characteristics of

sediment-sampling: SEations, +. 5 % « 570, o o « s mya sies
Guide for estimating erodibility K factors for soils in

O CAED)IBRS o v oo 5 R B s NP NER o Sra Dk SR Sl *
Average discharge for selected index gaging stations for

period of record and 1970-79 reference period . . . . . . .
Numbers of floods at selected stations exceeding various

intensities for long-term and study (1970-79)

EINAIETONE" . & s oo 5 5 o R R IE e H OE h b gt
Computation of average annual suspended-sediment discharge

and yield of the Eno River near Durham, 1970-79 . . . . . .
Suspended-sediment characteristics for forested basins

without development, 1970-79. . . . . . . -0 s s imie & o
Suspended-sediment characteristics for forested basins

with minor development, 1970-79 . . . . . . . . . . . . . .
Suspended-sediment characteristics for predominately rural

basins affected by agriculture, 1970-79 . . . . . . . . . .
Suspended-sediment yields and related characteristics of

rural basins heavily affected by nonagricultural

activities in addition to agricultural operations, 1970-79.
Estimated trap efficiencies and related information for

major reservoirs affecting suspended-

sediment sampiing sites, 19M-79. . . i . . &v'sc o B v s
Estimated trap-efficiency characteristics of Falls and

Jordan Lakes, based on sampling data

B ODStTORN STRLABRS. . v o v5p o v s 5 W s a5
Suspended-sediment characteristics for predominately

RADDEING, THT-TI ¢ 0% 5 s o & S e 5 b e A A
Estimated percentage of time required for higher flows at

selected stations to transport 25 and 50 percent of

sediment and water during 1970-79 . . . . . . . . . . S
Comparison of estimated mean annual suspended-sediment

yield for long-term and 1970-79 periods . . . . . . . . . .
Average particle-size distribution for suspended-sediment

samples collected in North Carolina streams

BUPTRE NIGE TR, . 7y o 43 5 o oh r vk 5 AT e

58



16.

3

18.

19.

Estimated sediment deposition in the floodplain and channel
of the lower Neuse and Cape Fear Rivers . . . . . . . . ..

Gross erosion and sediment-delivery ratio values for
selected basins

......................

Relation of sediment discharge to selected stream basin
parameters by soil groups for rural basins. . . . . . . . .
Relations for estimating suspended-sediment discharge from
rural-agricultural and urban basins by soil class
(unchannelized basins ranging in size from
1 to 400 square miles)

ooooooooooooooooooo

viii

Page



SEDIMENT CHARACTERISTICS OF NORTH CAROLINA STREAMS, 1970-79
By Clyde E. Simmons
ABSTRACT

Data collected at 152 sampling sites during 1970-79 were used to
characterize fluvial sediment in North Carolina streams. On the basis of
predominant land use in individual basins, sites were categorized into one
of five groups: forested (7 sites), forested and affected by minor
development (7 sites), rural-agricultural (83 sites), rural affected by
nonagricultural activities (38 sites), and urban (17 sites). Results of
more than 13,000 suspended-sediment samples collected during the study were
used to determine sediment yield, sediment discharge, concentrations, and
other site and basin characteristics.

Fluvial sediment characteristics, such as yields, are regionalized with
lower values occurring in the Coastal Plain province. Statewide, when
compared by predominant land use, minimum yields occur in forested basins
and range from 5 to 58 tons per square mile per year; ratios of average
annual yields for forested, rural, and urban sites in the Piedmont province
are approximately 1:6:14, respectively. During high flow (0.1-percent flow
duration) in Piedmont basins, the mean suspended-sediment concentration for
large urban streams is about 1,600 milligrams per liter as compared to 870
milligrams per liter for rural-agriculture sites and 100 milligrams per
liter for forested sites. Maximum sediment yields of rural-agriculture
basins occur in predominately clay soil areas of the western Piedmont, with
annual values of as much as 470 tons per square mile; whereas, minimum
yields as small as 7 tons per square mile occur in the sandy soil of the
Coastal Plain province. Considerable amounts of fluvial sediment are
deposited on flood plains and streambeds as major rivers flow from the
rolling Piedmont province into the flat Coastal Plain province. For
example, more than 130,000 tons are deposited annually in an 85-mile stretch
of the Neuse River between stations at Smithfield and Kinston.

Mathematical relations were developed for estimating suspended-sediment
transport characteristics at unmeasured rural-agricultural sites and urban
sites in the Piedmont. Correlation coefficients for the relations range



from 0.75 to 0.98, and standard errors of estimate range from 25 to 74

percent. The best single variable equation used log-transformed values of
drainage area.

INTRODUCTION

Recognized in the early 1900’s as one of North Carolina’s most urgent
problems, erosion and fluvial sediment are still considered to be the most
widespread water-quality problem in the State (North Carolina Department of
Natural Resources and Community Development, 1979a). Stream-born sediment
not only reduces the esthetic quality of our streams and lakes but causes
other environmental and economic problems. For example, sediment deposition
in stream-channels reduces their flow-carrying capacities and, as a result,
increases overbank flooding. Sedimentation also reduces storage capacities
of lakes and reservoirs. Sediment-laden waters have large effects on stream
biology, ranging from burial of fish eggs to the destruction of the entire
aquatic food chain. Relatively moderate levels of sediment in an otherwise
healthy stream commonly reduce the variety and abundance of aquatic 1life.
Although these diverse effects on the environment have been well documented
by studies across the Nation, 1ittle effort has been devoted to the

definition of sediment characteristics of streams in this State, especially
on a statewide basis.

Purpose and Scope

The purpose of this report is to present findings of sediment data
collected in North Carolina streams as part of a comprehensive statewide
study that began almost 20 years ago in cooperation with the North Carolina
Department of Natural Resources and Community Development. To help resolve
the need for characterizing fluvial sediment, the U.S. Geological Survey
established a network of 28 sampling sites in eastern North Carolina in
1969. Other sites were steadily added to the network, and by 1975 the
network included about 152 sites located on major and minor streams
throughout the State. A1l sampling sites were located at stream-gaging
stations to assure continuous discharge data required for sediment transport
computations. Although the collection of data for this study actually
spanned a 13-year period, activities were most concentrated from 1970 to
1979; therefore, all computations of sediment transport and related values



have been adjusted to this 10-year base period. Information provided by the
study resides in a comprehensive, detailed data base that was used to
satisfy the following primary study objectives: (1) define the effect of
land use on characteristics of sediment transport; (2) compare suspended-
sediment transport characteristics with selected basin characteristics; and
(3) develop relations for estimating suspended-sediment yield for unmeasured
basins.

This report is the first attempt to characterize sediment transport on
a statewide basis in North Carolina by using sample data. During the
investigation, more than 13,000 samples that represent a wide range of flow
conditions were collected at 152 stations comprising the sampling network
(fig. 1; table 1, located at the back of this report).

Previous Studies

One of the first efforts to quantify suspended sediment in the State’s
streams began in 1906 as part of a nationwide network operated by the U.S.
Geological Survey to investigate the quality of the Nation’s major streams
(Dole, 1909). Daily sampling stations were operated from 1906 to 1907 at
Cape Fear River at Wilmington, Neuse River near Raleigh, and Pee Dee River
near Pee Dee. Dole and Stabler (1909) used data from this network to
discuss chemical and physical erosion, including total suspended-sediment
loads carried by the major rivers; however, only general conclusions could
be drawn from this study because of the few stations and short sample
period. In 1943, after a Tapse in North Carolina of almost 35 years, the
U.S. Geological Survey resumed limited sampling on several major streams.

Numerous watefshed-type investigations have been conducted in North
Carolina by various organizations and agencies since the early 1900’s. Most
of these early studies were reservoir siltation surveys conducted in the
1920’s and 1930’s by the North Carolina Department of Conservation and
Development, and the U.S. Department of Agriculture’s Soil Conservation
Service (Eakin, 1936; Eargle, 1937; Connaughton and Hough, 1938; and many
others). By the late 1930’s, a few studies whose objectives were more
reflective of research or interpretive aspects of fluvial transport, such as
the Soil Conservation Service High Point (North Carolina) Demonstration
Project (Potter and Love, 1942), were underway. With the establishment of
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the U.S. Forest Service’s Coweeta Hydrologic Laboratory near Franklin in
1933, extensive studies were undertaken to determine the effects of man’s

use of forest land on streamflow, including erosion from clear-cut and
construction areas.

In 1934, the Tennessee Valley Authority began sampling for suspended
sediment at seven stream sites in the Blue Ridge province. The Tennessee
Valley Authority also conducted several siltation surveys of western North
Carolina reservoirs during the 1940’s; and, during 1953-62, it conducted a
detailed study of erosion and sediment transport in the 1,060-acre Parker
Branch watershed located near Asheville (Tennessee Valley Authority, 1963).

The U.S. Geological Survey selected the Yadkin River at Yadkin College
as one of the long-term Federal Index-Sediment Stations and began collecting
daily sediment samples in 1951 for suspended concentrations and particle-
size distribution; the station is still in operation today. Daily samples
also were collected by the U.S. Geological Survey for several years in the
late 1950’s and early 1960’s at sites on the South Yadkin and Tar Rivers;
however, no interpretive report was prepared on these data.

Since the 1960’s, an increasingly large number of reports dealing with
various aspects of sediment transport and erosion have been prepared by
university groups, consultants, State and Federal agencies, and others. As
with previous studies, however, virtually all of these efforts were directed
at relatively small, scattered watersheds having short-term data bases.
Also, in most instances, the studies included coverage of various other
constituents and parameters, and sediment received only cursory treatment.

Several relatively large-scale reports were released in the late
1970’s. In 1976, the U.S. Geological Survey published results of a five-
year study (1969-73) of sediment characteristics of streams in a 6,000-
square-mile area of the eastern Piedmont and western Coastal Plain region of
the State (Simmons, 1976). In late 1977, the Soil Conservation Service
released a report which included estimates of erosion and stream-sediment
transport values for the entire State (U.S. Department of Agriculture,
1977). The transport values were estimated from gross surface erosion
values computed by the Universal Soil Loss Equation. The report, however,
provided the first overview of stream-transport characteristics on a



statewide basis. 1In 1979, the U.S. Geological Survey released a report on
water-quality characteristics of streams in forested basins of the State,
which summarized efforts to define natural or background conditions,
including fluvial sediment (Simmons and Heath, 1979).
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PHYSICAL FEATURES OF NORTH CAROLINA SIGNIFICANTLY RELATED TO
EROSION AND SEDIMENT TRANSPORT

North Carolina, with almost 53,000 mi2 (square miles) of surface area,
is the third largest Atlantic Coast State and ranks eighth in the Nation in
population. One hundred counties lie within its boundaries, which span
almost 500 mi (miles) from the Atlantic Ocean westerly to Tennessee
(fig. 2). Although the State is primarily rural, it contains more than 37
towns and cities having populations exceeding 15,000. Numerous factors,
both natural and man-induced, affect sediment characteristics of the State’s
numerous streams; however, it is not within the scope of this report to
discuss all factors. Rather, the following sections will deal only with
factors that have a significant affect on erosion and sediment transport,
such as slope, physiography, drainage, climate, and land use.
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Slope

Surface runoff is the primary mover of water-borne sediments, although
stream viscosity, depth, and other variables affect fluvial transport.
Runoff velocity and associated turbulence often determine the quantity and
size of materials transported. High runoff velocity associated with steep
slopes is the most dynamic factor affecting erosion and subsequent sediment
transport. In studying erosion from croplands, Wischmeier and others (1958)
determined that both the steepness and length of a surface slope are key
factors in soil loss. Wischmeier and Smith (1965) used field data to show
that soil loss from silty loams usually varies with the square root of the
slope length for a given slope. Erosion generally increases as the length
and steepness of a slope increases; consequently, if in two hypothetical
basins all variables are identical except slope or topography, sediment
transport will be greater from the basin having greater surface slopes.

Physiographic Provinces and Drainage

North Carolina extends across three distinctly different physiographic
provinces: Blue Ridge, Piedmont, and Coastal Plain (figs. 1 and 2). They
are different not only in geologic age, soils,and rocks but, also, in relief
and altitude above sea level. The State also lies in parts of three
drainage regions: the Ohio River, the Tennessee River, and the South
Atlantic Region which drains to the Atlantic Ocean. These regions, in turn,
are drained by numerous major and tributary streams (fig. 3). As shown in
figure 3, most drainage systems have formed classic dendritic patterns, with

all possible directions of flow, but flows of major streams are generally in
an eastward or southeastward direction.

Blue Ridge Province

The Blue Ridge province is described by Stuckey (1965, p. 19) as a
highly dissected mountain plateau bounded by two mountain chains: the Unaka
and Great Smoky Mountains form the western bounds, and the east is the Blue
Ridge escarpment rising 1,500 to 4,000 ft (feet) above the Piedmont province
lying along its eastern boundary. Accounting for only about 10 percent of
the State’s area, the Blue Ridge province is the most rugged part of the
State with over 40 peaks exceeding an altitude of 6,000 ft above sea level.



36
e
z""e
o
.‘z
osai0fod
\.o AN
) \omwoa

35+

34°

84° 83° 82° 81° 80° 79° 78° 76°
T T T T T T T T
e Bads AT, Ohio South Atlantic - Gulf Region (03)

06020003 G E¢ EORG ’\\

y
- Subregional boundary
A Unit y
e Cataloging Unit boundary

B
03080101

03050101

Region (05)

03010102

03080102 oaosdIoa‘,
o3 o ROANOKE-CHOWAN RIVERS
03 0' 01 02 Middle Roanoke River 08040202
03 0Y 0' 03 Upper Dan River 03 04 PEE DEE RIVER
03 01 01 04 Lower Dan River
03 01 0 06 Roanoke Rapids 03 04 0 OV Upper Yadkin River
03 01 01 07 Lower Roanoke River 03 04 01 02 South Yadkin River
03 04 0 03 Lower Yadkin River
03 0' 02 O Nottoway River 03 04 01 04 Upper Pee Dee River
- 03 01' 02 02 Blackwater River 03 04 01 05 Rocky River
03 0) 02 03 Chowan River /
03 01 02 0a Meherrin River 03 04 02 01 Lower Pee Dee River 03040204 X L /
03 04 02 02 Lynches Creek A ?
03 02 NEUSE-PAMLICO RIVERS 03 04 02 03 Lumber River 03040207‘ kA
03 04 02 04 Little Pee Dee River
03 02 01 01 Upper Tar River 03 04 02 06 waccamaw River 0 100 MILES
03 02 01 02 Fishing Creek 03 04 02 07 Carolina Coastal A T 4
03 02 01 03 Lower Tar River 0 50 100 KILOMETERS
03 02 0' 06 Bogue-Core Sounds 03 05 0! SANTEE RIVER 06 01 UPPER TENNESSEE RIVER
03 02 02 0 Upper Neuse River
03 02 02 02 Migdle Neuse River 03 05 01 O Upper Catawba River 06 01 01 03 Watauga River
03 02 02 03 Contentnea Creek 03 05 01 02 South Fork Catawba River 06 01 01 05 Upper French Broad River
03 02 02 04 Lower Neuse River 03 05 0' 03 Lower Catawba River 06 01 0' 06 Pigeon River
03 05 01 05 Upper Broad River 06 01 01 08 Nolichucky River
03 03 CAPE FEAR RIVER
03 06 01 SAVANNAM RIVER 06 01 02 02 Upper Little Tennessee River
03 03 00 01 New River 06 0' 02 03 Tuckasegee River
03 03 00 02 Haw River 03 06 01 O Seneca Creek 06 0' 02 04 Lower Little Tennessee River
03 03 00 03 Deep River 03 06 01 02 Tugaloo Creek
03 03 00 04 Upper Cape Fear River 06 02 MIDDLE TENNESSEE-HIWASSEE RIVERS
03 03 00 05 Lower Cape Fear River 05 05 KANAWHA RIVER
03 03 00 06 Black River 06 02 00 02 Hiwassee River
03 03 00 07 Northeast Cape Fear River 05 05 00 01 Upper New River 06 02 00 03 Ocoee River
1 1 L 1 d 1 1

Figure 3.--Hydrologic units and major

streams in North Carolina.




Mount Mitchell, about centrally located in the province, has an altitude of
6,684 ft and is the highest peak east of the Mississippi River. The crest
of the Blue Ridge Mountains is the Eastern Continental Divide, with streams
west of the divide draining into the Gulf of Mexico, and streams east of the
divide draining into the Atlantic Ocean.

Most of the province’s major rivers, such as the French Broad and
Tuckasegee, flow northward or northwestward to join the Tennessee and Ohio
Rivers in other States; however, smaller tributary and headwater streams are
found flowing in various directions. Valleys of major streams may vary from
a few hundred feet to several miles in width while valleys of most small
streams are relatively narrow and often steep sided. Stream channels are
always well defined. Streams that originate along the eastern slopes of the
Continental Divide generally flow in an eastward or southeastward direction
across the western Piedmont province, forming major rivers such as the
Yadkin, Catawba, and Broad (fig. 3).

Gradients of streams in this mountainous terrain are steep and surface
runoff is rapid. Many streams during floods are capable of transporting
pebbles and large cobbles. Typical stream gradients range from 30 to 100
ft/mi (feet per mile), but those of smaller headwater streams often exceed
500 ft/mi. Excluding areas such as rapids and waterfalls, midstream flow
velocities in many mountain streams often exceed 10 ft/s (feet per second)
during floods and may be as high as 2 to 3 ft/s during base flow. Even on
the larger streams, most floods peak sharply and pass quickly, usually
within 24 hours. These fast flowing streams are capable of transporting
tremendous quantities of sediment; however, the amount of sediment supplied
to these streams is considerably less than their carrying capacity. Because
of the province’s steep topography, freshly exposed materials ranging in
size from clay to fine sand are quickly transported away by storm runoff
unless erosion-preventive measures are applied. Fortunately, channel
degradation and migration is prevented in most mountain streams by natural

rock outcrops and streambed armoring, thereby minimizing sediment
contribution from the channel itself.

Piedmont Province

The Piedmont province occupies about 45 percent of the State’s area and
extends eastward from the foot of the Blue Ridge Mountains to the Fall Line
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(fig. 2). The Fall Line is actually not a line, but rather is an area
ranging from several miles to about 40 mi wide which drops rather abruptly,
like a step or series of steps, down to the low-lying Coastal Plain province
(Stuckey, 1965, p. 7-8). Altitudes in the Piedmont range from over 1,500 ft
above sea level at many points along the western boundary to 300 to 600 ft
along the Fall Line. The topography of the western Piedmont is
characterized by steep prominent hills and Tow mountains; whereas, gentle
well-rounded hills and Tong rolling ridges are characteristics of the
eastern Piedmont.

Most of the streams which flow across the Piedmont also originate there
(fig. 3). The Yadkin, Catawba, and Broad Rivers, whose headwaters begin on
the slopes of the Blue Ridge Mountains, flow east and southeastward and
drain the southwestern half of the province. The Tar, Neuse, and Cape Fear
Rivers drain most of the central and eastern part of the province; and the
northern part is drained by the Dan River, whose headwaters are in Virginia.
Most major streams in the province flow either eastward or southeastward;
however, tributary streams most often follow the lay of the Tand and are
found flowing in all directions. Typical stream gradients range from 10 to
20 ft/mi, but extreme examples may range from 2 to 3 ft/mi to over 300
ft/mi.

Although topography of the Piedmont is not as rugged as that of the
Blue Ridge, surface and stream gradients are sufficient to produce flood-
flow velocities of 5 to 10 ft/s on many streams. The effects of intense
rains combined with the province’s steep gradients and highly erodible
clayey soils produced some of the State’s highest concentrations of fluvial
sediment observed during this study. Depending on storm intensity and size
of basin, streams might remain at flood stage from a few hours to several
days.

Coastal Plain Province

The Coastal Plain province extends from the Fall Line to the Atlantic
Ocean. Occupying almost 45 percent of the State’s area, this province is
characterized by gently rolling topography throughout most of its western
boundary to relatively flat topography near the coast. Excluding the area
immediately adjacent to the Fall Line, land surfaces decline eastward rather
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uniformly from altitudes of 300 to 400 ft along the western bounds to sea
level along the Atlantic Coast and shores of major estuaries. Abnormally
high areas occur in the Sand Hills area of Moore, Montgomery, and Richmond
Counties, where altitudes vary from 500 to over 700 ft. Compared to the
remainder of the State, however, the Coastal Plain province is relatively

flat, with altitudes averaging less than 20 ft over most of the province
within 50 mi of the coast.

The major rivers flowing across the Coastal Plain, such as the Tar,
Neuse, Cape Fear, and Roanoke, have their origins in other provinces;
however, most of the smaller rivers, such as the Northeast Cape Fear,
Waccamaw, Black, and Lumber, originate in the Coastal Plain province
(fig. 3). Flow of these larger streams is generally in an eastward or
southeastward direction. Unlike the well-defined channels of the Piedmont
and Mountain provinces, streams in the Coastal Plain often flow through
swamps and marshes where channels are indiscernible and flows are impeded.
To increase drainage of low-lying lands, extensive networks of canals and
cross-ditches have been constructed, which may alter "natural" runoff
characteristics of entire watersheds. Many stream channels have been
cleared of blockages or excavated. Vast areas along stream courses are
susceptible to flooding; and, frequently, streams which may be a few tens of
feet wide during low flow are often several thousand feet wide during floods
of low magnitude. With stream gradients often less than 5 ft/mi, flow
velocities are sluggish and rarely sufficient to transport (in suspension)
sand-size particles greater than 0.125 mm (millimeter) diameter. Even
during floods, main channel velocities at network stations seldom exceeded 6
ft/s and generally ranged from 2 to 5 ft/s. Primarily because of this flat
topography, streams originating in the Coastal Plain province have the
lowest concentrations of suspended sediment in the State.

Soil Characteristics

Most fluvial sediment in North Carolina streams is derived from the
surface soil horizon, except in special cases such as land slides, large-
scale construction or excavation, and various industrial waste activities.
Usually, the erodibility of these soils depends primarily on sizes of the
soil particles and, if present, nature of the material binding the
particles. Other important soil characteristics influencing erodibility
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include shape and specific gravity of particles, organic content,
mineralology, porosity, and water storage capacity of the soil.

Generally, silty soils having low-clay content are the most erodible
(Young, 1976); and soils having a low-silt content are Tess erodible
regardless of whether the major component is sand or clay. Soils having
high clay content are often less erodible because of increased cohesiveness
attributed to the clay. The erodibility of silty soils may also be reduced
by an increase in organic content; but, in soils with high clay content, the
volume of organic matter has Tittle affect on erodibility. Many factors
influence erodibility; the relative clay, silt, and sand composition of a
soil must be considered along with other variables in studying erodibility.
For example, a loose, sandy soil is usually considered highly erodible.
However, because of high infiltration capacity, this type of soil might be
less erodible than a "nonerodible" clay soil on the same slope, if the slope
is not steep and rainfall intensity is not much greater than the
infiltration capacity of the sandy soil. On steep slopes, a surface cover
of coarse pebbles or Targer rock fragments will protect underlying fine
material from erosion; but Tacking this cover protection, all soil particle
sizes are subject to detachment and eventual transport.

Although often not considered a part of the soil profile, the banks and
beds of streams are frequently major sources of fluvial sediment. This is
especially true in forested basins of the State where trees, brush, and
forest Titter provide total ground cover, thereby minimizing surface
erosion, and stream channels are essentially the only sediment source. Head
cutting, bank failure, and channel degradation are the primary contributors
of channel-derived sediments. In various processes, such as bank failure,
boulders or other large materials that are too heavy for transport are
deposited in channels. These materials may slowly contribute sediment
through the process of disintegration by physical and chemical means.

Soils comprise most of the eroded material in fluvial processes;
therefore, it may be argued that geology is of limited concern in studies of
erosion and sediment transport. This is especially true in North Carolina
where soil coverage is extensive and exposed rock accounts for well below
one percent of the State’s surface area (H.E. LeGrand, Consultant, oral
commun., 1984). Because soils are derived primarily through the weathering
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and ultimate disintegration of rocks, the mineral composition of the rock
largely controls the physical and chemical characteristics of resulting
soils. Large differences exist between the more than two-hundred different
soil types that have been identified in North Carolina (Clay and others,
1975). These differences are noticeable on a regional basis and range from
light sands with 1ittle humus in the Sand Hills area of the Coastal Plain to
the heavy plastic-like clays of the Piedmont and from the black organic
soils of the Coastal Plain to the brown loams of the Blue Ridge.

A generalized soils map of the State is shown in figure 4. Major
differences correspond to major changes in rock type. Considerable
variation also exists within each region, and major changes in texture,
color, or composition may occur within a few feet in many areas, especially
throughout the Piedmont and Blue Ridge provinces. Soils in these latter two
regions are derived primarily from the disintegration and chemical
weathering of the underlying rock, which largely controls the physical and
chemical characteristics of the soil. It is the complexity of geology in
these regions, mentioned previously, that is responsible for the wide
diversity of soil characteristics. For instance, soils derived from
granites and gneisses are generally sandy-clay loams; metamorphosed volcanic
rocks produce silty soils; and, rocks composed mostly of mica schists
generally produce silty-clay loams (Lee, 1955).

In contrast, soils in most of the Coastal Plain region are formed from
sediments deposited in former sounds, lagoons, rivers, and beaches.
Topography or relief is one of the most important factors causing
differences in Coastal Plain soils. Low-lying swampy areas, such as
pocosins, have soils which are gray, contain large amounts of organic
matter, and are often plastic; whereas, soils located in well-drained,
higher areas are lighter in color, have relatively lower contents of organic
matter, and are sandier in texture (Clay and others, 1975, p. 135).

Various properties of soils cause some to erode faster than others,
although surface slope, rainfall, vegetative cover, and other factors might
be identical. Wischmeier and others (1958) developed a soil erodibility
factor, K, which is a measure of the rate at which specific soils erode when
all other factors are constant. K values for North Carolina soils range
from about 0.10 to 0.49 tons/acre for standardized conditions (U.S. Depart-
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ment of Agriculture, 1976). Permeability and composition of surface soils
are critical factors in determining erodibility and are directly related to
erodibility. For instance, coarse, highly permeable sands generally have a
K factor of 0.10 to 0.15; whereas, silty loams, loams, and very fine sandy
loams of low permeability are more erodible with factors of 0.43 to 0.49.
Estimates of erodibility, determined by the Soil Conservation Service, (U.S.

Department of Agriculture, 1976), for surface soils commonly found
throughout the State are presented in table 2.

Table 2.--Guide for estimating erodibility K factors
for soils in North Carolina
[Modified from U.S. Department of Agriculture, 1976]

Erodibility, in tons per acre

Relative
Surface soil Very permeability within _ Very
composition low soil type high
Clay, silty clay, sandy clay 0.37 0.32 0.28 0.24
Sandy clay loam, silty clay .43 .37 92 .28
loam, clay loam
Silty loam, loam, very fine .49 .43 37 B
silty Toam
Fine sandy loam, silty loam .37 BT .24 .20
Loamy sand, sand, loamy clay .28 .24 .20 19
sand
Land Use

The most important land use or environmental factor affecting erosion
in the State is the amount of exposed soil, or conversely, surface cover.
Vegetative cover impedes erosion in many ways: (1) rainfall interception
which reduces splash erosion; (2) rainfall retention which increases
evaporation and biological uptake potential and reduces runoff potential;
(3) soil retention through enhanced root systems and reduced velocity and
energy components of flowing water; and (4) increased infiltration afforded
by decaying vegetative litter deposited throughout the plants’ seasonal and
Tife cycles. According to Dissmeyer and Foster (1980) and others, there is
generally little or no surface erosion from totally forested basins.
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Erosion often increases proportionately to increases in the amount of
exposed soil in a basin.

Statewide erosion data by the U.S. Department of Agriculture (1977)
shows considerable differences in average annual rates of erosion for
various rural conditions including: 0.1 tons/acre from forests, 1.3
tons/acre from grassed pasturelands, and 7.5 tons/acre from croplands.
Obviously, these are average values for the State and should not be used to
define conditions at specific locations; however, they illustrate the
dramatic effects of vegetative cover.

Little research has been done in this State regarding historical
changes in land use and the effects on erosion and fluvial sediment. Prior
to the arrival of European settlers in the 1700’s, North Carolina was almost
totally forested and erosion was certainly minimal. Accounts by early
explorers, historians, and geologists attest to the purity and clarity of
the State’s streams even during storm runoff. Many references to these
early observations are presented in two reports by Trimble (1969 and 1974)
which document land-use changes in the southern Atlantic Piedmont province.
As pristine forests fell to the settlers’ axes, these once clear streams ran
muddy. Erosion during the first 150 years of settlement was related almost
entirely to agricultural activities. Dramatic changes in socio-economic
patterns in the State during the early 1900’s, continuing up to today, have
produced other major sources of sediment, such as urban and municipal
developments, highways and bridge construction, aggregate and other mining
operations, and large-scale silvicultural operations.

Although North Carolina is one of the South’s most industrialized
states, it also has the Nation’s largest rural farm population (Clay and
others, 1975, p. 3). Approximately 48 percent of the State’s 5.9 million
residents (1980 census) Tive in urban areas. Regionally, slightly over half
of the population Tives in the Piedmont and about 15 percent lives in the
Blue Ridge province. Of the State’s 31.3 million acres, approximate uses of
land are as follows: wurban, 5 percent; cropland, 23 percent; pasture, 5
percent; lakes and rivers, 1 percent; and, forests, 66 percent (U.S.
Department of Agriculture, 1971). Although the physiographic provinces are
often categorized as Blue Ridge and forests, Piedmont and industry, and
Coastal Plain and agriculture, all classes of land use currently exist in
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each province. Primarily because of the State’s rapid population increase,
almost 16 percent from 1970 to 1980 (North Carolina Office of State Budget
and Management, 1982), significant changes in land use are underway. The
greatest change is the conversion of forest and agricultural lands to urban
and industrial developments. However, primarily in the Coastal Plain area,
hundreds of thousands of acres of forest land were cleared during the
project period for agricultural use (Sharitz and Gibbons, 1982).

Effects of Reservoirs

The sediment-trapping characteristics of lakes and reservoirs have been
studied for many years and were the basis for some of the earliest sediment
studies conducted in this State. One or more dams are located on most major
rivers, and there are countless farm ponds, lakes, and reservoirs on smaller
headwater streams and tributaries. An inventory of dams conducted in 1969
lists over 900 dams of significant size and over 33,000 impoundments
classified as farm ponds or irrigation storage reservoirs (North Carolina
Board of Water and Air Resources, 1969). According to an unpublished survey
conducted in 1977 by the Soil Conservation Service, U.S. Department of
Agriculture, there are approximately 80,000 water bodies in the State less
than 40 acres in size (James Canterberry, Soil Conservation Service, written
commun., 1984). In August 1984, the North Carolina Department of Natural
Resources and Community Development (NRCD) indicated that approximately
3,850 unlicensed, privately owned dams are located in the State which are at
least 15 ft in height and have storage capacities exceeding 10 acre/ft
(Steven M. McEvoy, NRCD, oral commun., 1984). The reduction in sediment
transport caused by this multitude of impoundments is unknown. According to
Brune (1953), large reservoirs having storage capacities equal to or greater
than the annual inflow volume of water often trap 95 to 100 percent of
incoming sediment.

The U.S. Geological Survey is conducting studies related to the
trapping characteristics of two in-stream sediment traps on Juniper Branch
near Simpson, a small tributary to Chicod Creek, Pitt County, (s1te 20, f1g
1). Drainage areas at the two traps are approximately 2 m1 and 4 mi
Although the Juniper Branch traps have ratios of storage capacity to annua]
inflow volume less than 0.02, they trap 20 to 60 percent of the suspended
sediment, with the lesser trapping rates occurring during storm runoff (U.S.
Geological Survey, 1979, unpublished data).
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HYDROLOGIC CONDITIONS DURING STUDY PERIOD

Generally, streamflows in North Carolina are greater during winter than
in summer, although severe flooding might occur at any time during the year.
Meteorological and streamflow conditions often differ considerably from day
to day and year to year, a factor which greatly complicates definition of
trends and other hydrologic comparisons. Numerous reports are available
describing the State’s hydrologic characteristics, and the reader is
referred to these for detailed background information. Several of the most
informative reports are by Forrest and Speer (1961), Goddard (1963), Speer
and Gamble (1964a and 1964b), and Yonts (1971).

Precipitation

The long-term average annual (calendar year) precipitation for the
State is about 49 in. (inches), although a large spatial variability exists
across the State. The greatest variation occurs in the Blue Ridge where
abrupt changes in topography drastically affect rainfall amounts in the
space of a few miles. For instance, annual precipitation at Highlands
(Macon County), altitude of 3,350 ft above sea level, is over 82 in., the
greatest amount east of the Rocky Mountains. In contrast, the City of
Asheville (fig. 2), which is Tocated in a sheltered valley 50 mi away and at
an altitude of 2,200 ft, averages only 38 in. per year (Elder and others,
1983, p. 30). Variations in annual precipitation across the Piedmont and
Coastal Plain provinces are more subtle and range from about 44 to 54 in.,
with the greater amounts occurring along the coast.

The State has no pronounced rainy or dry seasons. Based on long-term
records, July and August receive the most rainfall, while the Teast amount
falls in October and November. Although intense rainfall can occur in North
Carolina during any month, historically, the most intense occurs during the
late summer months resulting from violent local thunderstorms or from
hurricanes of tropical origin. The State’s most destructive storm,
Hurricane Hazel, occurred in October 1954 and produced record 24-hour
rainfall amounts at 10 weather stations, ranging from 6.5 in. at Burlington
to 9.7 in. at Carthage (Hardy and Carney, 1962). One of the most severe
storms recorded nationally occurred during August 1969 immediately north in
central Virginia when rains from Hurricane Camille exceeded 28 in. in 8
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hours (Williams and Guy, 1973). Essentially, every long-term station in the
State reports one or more summertime thunderstorms exceeding 4 in. in 24
hours during their history. According to records of the National Weather
Service, rainfall for the 1970-79 study period was slightly above the long-
term average for the State. Comparisons of annual totals to long-term mean
values for selected cities are shown in figure 5. Although annual totals
varied from -32 to +45 percent of long-term mean precipitation, means for

the 10-year study period were within about 9 percent of long-term values
(fig. 5).

The erosional processes begin when raindrops strike the exposed land
surface, causing disintegration of soil aggregates. Rain splash moves soil
particles in all directions, but the net movement is downslope. Except in
coarse, sandy soils, the impact from raindrops also causes consolidation of
surface particles and a subsequent reduction in infiltration potential.
Sheet flow begins when the amount of precipitation exceeds the infiltration
capacity of the soil. The erosive power of the sheet flow dislodges soil

particles and transports them in addition to materials put into suspension
by splash effect.

In North Carolina, the most important precipitation factors controlling
sedimentation processes are magnitudes and intensity of rainfall. For
example, a gentle, 3-inch rainfall spread over several days will not produce
the amount of erosion or sediment transport as an intense 3-inch rain which
occurs in several hours. Larger raindrops associated with intense rainfall
produce greater splash erosion; the soil’s infiltration rate is quickly
exceeded and surface runoff is maximal; and, the erosive energy of the
surface runoff is increased by turbulence caused by impacting raindrops.
Surface runoff, the transport media, will not occur until the rate of
rainfall exceeds the rate of infiltration.

Antecedent precipitation conditions also affect the sedimentation
transport process. Rainfall following a lengthy dry period usually will
produce more fluvial sediment than a similar event that immediately follows
a flood, although the latter generally produces considerably more surface
runoff. During dry weather, erodible material accumulates on the land
surface through various processes such as wind erosion, chemical and
physical weathering, atmospheric deposition, and disintegration of larger
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Figure 5.--Comparison of annual precipitation during study period
with Tong-term averages (dashed Tine) at selected points.
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materials by animals and humans. Lower stream velocities associated with

decreasing flows cause deposition of suspended materials on the streambed.

These processes increase the supply of materials available for transport
during floods.

The hydrologic response to rainfall is often variable among different
soil types. A clay-rich soil may be essentially impermeable and produce
high surface runoff during heavy rains; whereas, the same storm may produce
little or no runoff from a sandy soil having large storage capacity and an
infiltration rate of several inches per hour. Essentially all erosive
characteristics of a soil are altered during freezing. Although North
Carolina has a moderate climate, winter temperatures are often low enough in
the Piedmont and Blue Ridge provinces to freeze soils to depths of 2 ft or
more. Infiltration, storage capacity, and porosity are reduced, whereas
surface runoff and particle cohesiveness increase when a soil is frozen.
Immediately following a thaw, soils tend to expand and become less cohesive
and more permeable. Surface runoff from recently thawed soils generally
produces greater-than-normal amounts of sediment transport.

Streamflow

Comparisons of data from long-term gaging stations indicate that flows
during 1970-79 water-year base period were generally greater than long-term
averages. A convenient method of showing this is by use of flow-duration
curves, which are cumulative-frequency curves that show the percent of time
specific discharge values were equaled or exceeded in a selected period.
Curves for four long-term index gaging stations are shown in figure 6. Only
stations that have unregulated flows and which are representative of
relatively rural basin conditions are selected for index purposes. As
noted, except for extreme flood flows, discharge values statewide are
slightly greater during 1970-79 (fig. 6). Because relatively little
sediment is transported during low flow (> 80 percent duration), a large

spread between curves at low flow represents only a minor difference in
annual sediment load.

Comparisons of average discharge data for these index stations are
shown in table 3. These comparisons indicate that, while mean flows in the
Coastal Plain’s Contentnea Creek during 1970-79 were generally only a few
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percent above normal, flows in the Piedmont’s South Yadkin River were 18
percent above normal (fig. 6). However, historically significant flooding
occurred in only a few minor basins during the 10-year study period. In
August 1970, heavy flooding in the upper headwaters of the Yadkin, Catawba,
and Broad Rivers produced crests near, but not exceeding, the historic
floods of 1916 and 1940. Recurrence intervals for the August 1970 peaks
were about 20 years. In June 1972, tropical storm Agnes caused near-record
floods in the upper basins of the Dan, Smith, and Yadkin basins with
recurrence intervals on tributary streams approaching 50 years. Near record
floods occurred in the Blue Ridge province along headwater tributaries of
the French Broad and Pigeon Rivers in May 1973. The most severe flooding
during 1970-79 occurred in the northern Blue Ridge during November 1977 in
parts of the lower French Broad, Nolichucky, and New River basins. Flood
crests on several streams during this storm exceeded those expected to occur

once in 100 years; however, the most severe flooding occurred in basins not
covered by sampling stations.

Table 3.--Average discharge for selected index gaging stations for
period of record and 1970-79 reference period

Period of recordg/ 1970-792/

Drainage Average Average
area discharge discharge
Site Name (square Period (cubic feet (cubic feet
numbe miles) per second) per second)
42 Contentnea Creek at Hookerton 729 1930-1984 772 788
63 Deep River at Moncure 1,434 1930-1984 1,479 1,650
93 South Yadkin River near
Mocksville 306 1939-1984 345 408
134 French Broad River at Asheville 945 1896-1984 2,100 2,400

l/Ret’e\r's to figure 1 and table 1.
Z/Based on water years (October 1 - September 30).

In addition to flow-duration data, information on the number and

intensity of floods is significant in comparing flow similarities of
different periods of time, especially as the analysis is related to sediment
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transport. Using flood information from the U.S. Geological Survey WATSTORE
peak-flow file and flood-frequency data from H.C. Gunter, (U.S. Geological
Survey, written commun., 1987), a comparison of numbers of floods occurring
at 28 long-term gaging stations is shown in table 4. Although numerous
localized exceptions probably occured during the two periods, these data
indicate that, compared to a 30-year reference period, the number and
intensity of floods occurring in 1970-79 was near normal in the Coastal
Plain province. In the Piedmont and Blue Ridge provinces, however, the
number of floods was often twice that expected to occur during an average

10-year period (table 4).

In summary, analyzing the representativeness of a short-term hydrologic
record (1970-79) to long-term conditions requires more than a mere review of
flow-duration data. In general, however, because of the often close
relationship between water discharge and sediment transport, comparative
data indicate that values of fluvial sediment in this report, based on 10
years of record, might be slightly greater than values representative of a
longer period of record. This is especially true for values for streams in
the Blue Ridge and Piedmont provinces. One of the primary objectives of
this report is to define sediment-related characteristics that occurred
during 1970-79, but a general indication of the error one might incur by
using these values to represent longer periods of record is discussed in a
following section under, "Stream Discharge."

SEDIMENT-SAMPLING NETWORK AND METHODS OF COMPUTATION

Computations of average annual sediment discharge require the
availability of continuous water-discharge data for the period under
investigation. Fortunately, a large network of continuous stream-gaging
stations was already in operation across the State in support of projects
for various local, State, and Federal agencies. Most of these gaging
stations were operated for defining long-term hydrologic characteristics,
thereby assuring continuous-flow records needed for reliable transport
computations. Streamflow records for 30 stations did not include all ten
years of the base period (1970-79). Records for these short-term stations
were adjusted by methods suggested by Searcy (1959) so that flow-duration
and related sediment-transport data for all network stations were based on
the complete 10-year base period. Because of the widespread nature of the

25



92

Table 4.--Numbers of floods at selected stations exceeding various intensities for
Tong-term and study (1970-79) conditions

Number of floods during Number of floods during
Flood reference period, 1950-79, study period, 1970-79,
Site Station Province base exceeding stated criteria __exceeding stated criteria
number number discharge 5-year 10-year 5-year 10-year
(figure 1) (table 1) (cubic feet recurrence recurrence Base recurrence recurrence Base

per second) interval interval discharge interval interval discharge

126 03161000 Blue Ridge 2,600 7 1 68 4 1 33
128 03441000 Blue Ridge 1,000 8 2 129 2 1 56
130 03446000 Blue Ridge 1,000 7 2 100 4 1 44
134 03451500 Blue Ridge 9,000 5 3 74 3 2 36
141 03460000 Blue Ridge 1,000 6 4 54 2 2 30
143 03479000 Blue Ridge 2,000 8 4 94 6 2 40
146 03504000 Blue Ridge 1,500 6 5 77 3 2 34
149 03512000 Blue Ridge 4,000 9 4 106 3 2 41
152 03550000 Blue Ridge 1,700 8 1 105 3 0 37
Mean number per station year 0.24 0.10 2.99 0.33 0.14 3.9
3 02068500 Piedmont 2,000 4 1 87 4 1 37
12 02081500 Piedmont 2,000 5 3 X327 '\ 3 2 43
27 02085500 Piedmont 4,500 8 3 62 6 v 28
30 02087500 Piedmont 7,100 8 2 1/ 68 6 2 1/23
51 02095500 Piedmont 920 9 5 =159 7 3 =78
60 02099500 Piedmont 2,600 6 2 75 4 2 35
63 02102000 Piedmont 15,000 7 2 72 3 0 28
79 02111500 Piedmont 2,000 L 1 53 4 1 22
83 02113000 Piedmont 2,200 4 2 100 7 1 49
111 02143000 Piedmont 2,800 5 1 54 4 1 20
Mean number per station year 0.20 0.07 2.62 0.43 015 3.16
17 02083000 Coastal Plain == 4 2 £ 3 1 =
22 02084500 Coastal Plain 120 10 3 104 4 1 31
27 02088500 Coastal Plain 1,200 5 3 110 6 2 28
42 02091500 Coastal Plain - 4 2 v 0 0 7
70 02106000 Coastal Plain = 6 2 e 3 1 =
73 02108000 Coastal Plain == 8 4 e 2 0 ok
76 02109500 Coastal Plain S 7 2 -r 3 0 P
104 02133500 Coastal Plain 850 4 3 81 1 1 31
105 02134500 Coastal Plain o, 6 3 il 4 2 o
Mean number per station year 0.20 0.08 3.27 0.28 0.08 3.00

1/

= Excluded from computations of mean values.



gaging network and the fact that flows were available for basins, large and
small, representative of various land-use effects, sediment sampling was
conducted at 152, or approximately 90 percent, of the existing gaging
stations. Location of stations in the sediment program are shown in figure
1, and site-descriptive information is provided in table 1 at the back of

this report.

The large number of stations in the sampling network provided data from
a wide variety of basin and flow conditions. The sizes of drainage basins
sampled ranged from 0.64 to more than 8,000 miz (table 1). At least one
sampling station was located on every major river in the State. A Targe
variety of different basin land uses was included, ranging from totally
forested to 97 percent urban (table 1). Sediment discharge (and yield) at
some stations was influenced by other factors such as upstream reservoirs,
runoff from construction activities, channelization, and unpaved roads. The
effect of these factors is discussed later in this report. Being statewide,
the network was also designed to show regional variations in sediment caused
by soils, topography, and other factors to be discussed in following
sections. The network included three stations sampled on a daily basis
(fig. 1); however, most stations were sampled only periodically, depending
primarily on flow conditions and data requirements for defining transport
characteristics.

Except for an in-house computer program, SEDQ, used to compute values
of sediment discharge and yield at selected stations, values of flow,
suspended sediment, and related statistics were computed using standard U.S.
Geological Survey or SAS1 (SAS Institute, Inc., 1985) programs. Because
these methods are discussed in considerable detail in other reports, only
brief explanations are included herein; however, pertinent references are
provided should more information be desired.

Daily Sampling Stations

At daily stations, samples of suspended sediment are collected on a
daily or more frequent basis. The network’s daily stations included
Creeping Swamp near Vanceboro (site 45, fig. 1), Chicod Creek near Simpson

lUse of the brand/firm names in this report is for identification purposes
only and does not constitute endorsement by the U.S. Geological Survey.
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(site 20), and Yadkin River at Yadkin College (site 91). The computational
procedures for daily stations differ from those for periodic stations in
that a sediment discharge value is computed for each day of record. These
procedures, outlined by Porterfield (1972), require the development of a
temporal concentration graph from which values of daily mean concentrations
are determined. The mean concentration, in milligrams per liter, is then
multiplied by the mean water discharge in cubic feet per second and the
conversion factor 0.0027 to obtain the sediment discharge (in tons) for the
day. During floods or other periods of rapidly changing flow or
concentration, however, sediment discharge is determined by subdividing the
day into specific time increments (Porterfield, 1972, p. 47-52), and summing
the incremental products of discharge and suspended-sediment concentration
to obtain an integrated value for each day. Annual values are then obtained
by simply summing the daily values. Records for the Chicod Creek and
Creeping Swamp stations did not cover the entire ten-year base period and
were adjusted to the base period using methods described by Anttila and
Tobin (1978, p. 24-27).

Transport values, such as annual sediment discharge, computed using
daily sediment data, are generally considered to be more reliable than
values computed from periodic data. Computations from daily stations are
often used as the standard for comparisons of accuracy of other methods.

Periodic Sampling Stations

Periodic stations are those which were sampled on an intermittent basis
ranging from once every 6 to 8 weeks to two or more samples during the same
day for defining transport during floods. Of the 152 stations in the
statewide sediment network, 149 stations were sampled periodically (fig. 1).
A good relation generally exists between values of instantaneous water
discharge and suspended-sediment discharge; and, the average curve obtained
from plotting simultaneous values of each on logarithmic graph paper is
expressed as a sediment-transport curve. Tables presented later in the
report (tables 6, 7, 8, 9, 12) include the following information for each
station transport curve: the number of actual samples used to define the
curve; the range in values of these samples; and, an indication of the
degree of fit (correlation coefficient) of these values to the curve.
Miller (1951) and Colby (1956) discuss in detail how data values from
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sediment-transport and flow-duration curves can be used to compute
suspended-sediment discharge for a periodic station. Minor modifications of
this method are discussed by Jones and others (1972), Simmons (1976),
Anttila and Tobin (1978), and others. Compared to these methods, the
computations in this study used a Targer number of subdivisions of
percentage time at high flows on streams that rise and fall quickly, thereby
improving accuracy of the method (J.M. Knott and G.D. Glysson, U.S.
Geological Survey, oral commun., 1981). The method is briefly described as
follows using the Eno River near Durham (site 25, fig. 1) as an example for

each step.

At each periodic-sampling station, sediment samples are collected at
low, medium, and high flows. It is desirable that sufficient data values be
available to define all ranges of flow which occurred during the ten-year
base period. Additional samples are obtained on the rising and falling
limbs of the storm hydrograph because a disproportionately large part of
sediment is transported during high flows. The suspended-sediment
concentration of each sample is converted to suspended-sediment discharge
using the following equation:

Qg = 0.0027 CQ (1)
where:
QS = Instantaneous suspended-sediment discharge in
tons per day;
0.0027 = Conversion factor;
C = Concentration of sediment, in milligrams per
liter; and,
Q = Instantaneous water discharge, in cubic feet

“per second.

Values of suspended-sediment discharge of the Eno River near Durham
were calculated by the above equation and plotted on logarithmic graph paper
versus the corresponding water discharge to develop a sediment-transport
curve (fig. 7). Cumulative frequency distributions of daily discharges are
determined for the sampling station. These distributions show the
percentage of time for which discharges are equaled or exceeded and are
calculated using standard statistical programs of the U.S. Geological
Survey. The Tine connecting the data points'is referred to as a flow-
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Figure 7.--Sediment-transport curve for Eno River
near Durham, 1970-79.

duration curve. Cumulative-frequency data for the Eno River near Durham are
plotted on a lTogarithmic probability graph in figure 8.
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Figure 8.--Flow-duration curve for Eno River near Durham, 1970-79.

The computation of average annual sediment discharge is illustrated by
the example shown in table 5. The process using the Eno River near Durham
is as follows:

1. Incremental percentage limits (column 1) are selected by

the user and may vary between stations. It is desirable
to minimize the percentage range of each increment
(column 2) at high flows and gradually increase the
range (columns 1 and 2) as values of discharge decrease;
2. The midpoint of each increment (column 1) is shown in
column 3;
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3. Using the flow-duration curve (fig. 8), values of water
discharge (column 4) were determined for the
corresponding time increment shown in column 3;

4. Sediment discharges determined from corresponding values
of water discharge on sediment-transport curve (fig. 7)
are shown in column 5;

5. Each sediment discharge (column 5) is multiplied by the
corresponding incremental flow-duration percentage
increment (column 2) to attain incremental sediment
discharge (column 7); and

6. The sum of incremental sediment discharges in column 7
is the daily average suspended-sediment discharge, in
tons per day, for the 10-year base period. The product
of the daily average suspended-sediment discharge and
the number of days in a year (365) is the average annual
sediment discharge in tons per year. The average annual
sediment yield, in tons per square mile per year, is
determined by dividing the average annual sediment
discharge by the area of the drainage basin (in square
miles).

Sediment-discharge and yield computations for periodic stations were
performed by an in-house computer program, SEDQ, which did not round
numerical values (table 5). Because these computer-generated values are
considered as estimates, values of yield and sediment discharge are rounded
to two significant figures if greater than 10 and to one significant figure
if less than 10. For instance, the computed sediment-discharge value of
22,941 tons (table 5) is rounded to 23,000 tons.

Methods of Sampling and lLaboratory Analysis

Suspended-sediment samples were collected using the methods outlined by
Guy and Norman (1970). A hand-held sampler (DH-48) is used for streams that
can be waded; larger samplers (DH-59, 22-1bs (pounds) and D-49, 62-1bs) are
used for streams which are too deep or swift to wade. The latter two
samplers may be suspended by a hand-held rope or by cable-and-reel
equipment. Basically, the Equal Width Increment method (Guy and Norman,
1970, p. 32-37) for sampling suspended sediment was used throughout the
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Table 5.--Computation of average annual suspended-sediment discharge and yield of
the Eno River near Durham, 1970-791

(1) (2) (3) (4) (5) (6) (7)
Water
Water discharge Sediment
Interval discharge multiplied discharge
Limits of between Midpoint of equaled or Suspended by time multiplied
time time limits in exceeded? sediment interval by time
increment increments column (1) (cubic feet discharge? (cubic feet interval
(percent) (percent) (percent) per second) (tons per day) per second) (tons)
0.00 - 0.02 0.02 0.01 6,210.00 8,512.60 1.24 1.703
0.02 - .04 .02 .03 5,610.00 7,425.38 1.12 1.485
0.04 