WATER RESOURCES ACTIVITIES OF THE NORTH CAROLINA
DISTRICT OF THE U.S. GEOLOGICAL SURVEY, 1988-90

Compiled and edited by Rebecca J. Deckard

U.S. GEOLOGICAL SURVEY

Open-File Report 91-475

Prepared in cooperation with the

NORTH CAROLINA DEPARTMENT OF ENVIRONMENT, HEALTH,
AND NATURAL RESOURCES AND
OTHER FEDERAL, STATE, AND LOCAL AGENCIES

Raleigh, North Carolina

1992



U.S. DEPARTMENT OF THE INTERIOR
MANUEL LUJAN, JR., Secretary
U.S. GEOLOGICAL SURVEY
Dallas L. Peck, Director

For additional information, Copies of this report can be
write to: purchased from:

District Chief U.S. Geological Survey

U.S. Geological Survey . Open-File Reports - ESIC

3916 Sunset Ridge Road . Post Office Box 25425

Raleigh, North Carolina 27607 Denver, Colorado 80225



CONTENTS

Preface 1
Introduction 3
Sources of funds 7
Cooperating agencies 9
District organization 10
Water-resources data 12

Streamflow network in North Carolina (NC001) 14
Ground-water program in North Carolina (NC002) 16
Water-quality network in North Carolina (NC003) 18

Waterresources conditions 20
Waterresources investigations 28

NCO00101-Baseline water- and sediment-quality monitoring program,
High Point Lake watershed, North Carolina 29
NCO00301—-Effects of various land-use developments on surface-water

qudlity in the upper Neuse River basin 30

NCO004—Index sediment station - Yadkin River 31

NCO05—Effects of atmospheric deposition on water quality of
North Carolina streams 32

NCO006—Flood insurance study for Mecklenburg County
unincorporated areas 33

NCO07-Water-use data-collection program in North Carolina 34

NCO10—-Effects of channel relocation and proposed bridge
construction on floodflows of the Catawba River
near Marion, North Carolina 36

NCO053—Effects of channelization on the hydrology of Chicod
Creek watershed, North Carolina 37

NCO07 1-Coastal Plain aquifer study—Regional Aquifer
Systems Analysis (RASA) 39

NCO073—-Water quality of inflow to and outflow from Falls and
Jordan Lakes, North Carolina 41

NCO074—Effects of stream restoration on hydrology of the Grove Creek
watershed and Open Marsh Water Management of salt
marshes at Hobucken and West Onslow
Beach, North Carolina 42

NC075—Central Coastal Plain aquifer study 44

NCO081-Effects of land-management practices on sediment and
chemical transport in Guilford County, North Carolina 46



NC082—Evaluation of the hydrogeology in the Cincinnati arch
region with regard to isolation of nuclear
wastes in buried crystalline rocks 48
NC083—-Ground-water supply and potential for contamination, Cherry
Point Marine Corps Air Station, North Carolina 49
NCO084—-An appraisal of the ground-water resources of Camp Lejeune
Marine Corps Base, North Carolina 51
NC085—A reconnaissance evaluation of surface-water, drinking-
water, and effluent-water quality in the
Greensboro, North Carolina, area 53
NCO086—Low-flow characteristics of North Carolina streams 54
NC087-Water-quality characteristics of selected streams
in forested areas of North Carolina 55
NCO090—-National ground-water atlas (Segment 10) 56
NCO09?1-Estuarine water quality and the management of
artificial drainage from wetlands 57
NCQ092-Determination of flows and flow patterns in the
Pamilico River and Neuse River estuaries 59
NC093—-Hydrologic characteristics and water-quality trends of
the Albemarle-Pamlico estuarine system, North Carolina 61
NCO094—-Development of ecological surveys for the National
Water-Quality Assessment (NAWQA) program 62
NCO097-Urban stormwater hydrology in North Carolina 64
NC098—Analysis of estuarine water quality using
continuous-monitoring data 66
NC09801-Flow and salinity characteristics of West Neck
Creek, Virginia Beach, Virgini 67
NC100—-Leachate discharge at solid-waste disposal sites
in Mecklenburg County, North Carolina 68
NC101-Surface-water quality assessment for Region J,
North Carolina 70
NC102-Statewide reservoir sedimentation program 71
NC103—Hydrology of the Sand Hills aquifer 73
Selected publications on water resources 75
Surface water 77
Datareports 77
Interpretive reports 78
Water quality 82
Datareports 82
Interpretive reports 84



Ground water 88
Datareports 88
Interpretive reports 89

Wateruse 97

ILLUSTRATIONS

Figure 1. Proportion of funding for major programs conducted by the
North Carolina District in fiscal year 1989 8
2. Organizational chart for the North Carolina District 11
3-5. Maps showing:
3. Streamflow monitoring network stations,
fiscalyear 1989 15
4. Locations of wells in the 1989 ground-water
program 17
5. Water-quality monitoring network stations,
fiscal year 1989 19
6. Selected index stations in the streamflow, ground-water,
and water-quality monitoring programs 21
7. Monthly rainfall for 1989 water year and average monthly
rainfall for period 1951-80 22
8. Variation of water levels at selected long-term observation
wells for the 1989 water year in the Blue Ridge.
Piedmont, and Coastal Plain Provinces
of North Carolina 24
9. Declining ground-water levels in observation well NC-44 at
Cove City, Craven County, in the Coastal Plain
Province, 1965-89 25
10. Specific conductance at Yadkin River at Yadkin College
during the 1989 water year and mean specific
conductance for the period 1975-89 27
11. Total suspended-sediment loads and mean water discharges
at Yadkin River at Yadkin College, 1984-89 27



N\, _Ammn
. TLT9VE(YOL) T1T SAMS
EELL9V6 (616) N\, 1§ [IPMOO 'S 10€
688LT Xauuy [N N swppy "H Wl
arenbg umdurysem 129 7T =T == IWOPBYD-DIPO PI]
281000 9peq
uorBurysem-2oLO PP |

-

9€€0-652 (v0L)
_ / 20887
r - _ £0v wooy “3p1g 200 1504
1INOWQ3ld inaly in1e |} Ioyred [[essny
NIVId IVISVOD .\lv A A w A[[IASYSY-31LO PPV
101LZ
000~ 1LS (616) €525-1€9 (616)
L09LZ 'PY °3pry-195ung 916€ £0S Wooy 1§ URW N 1ST
Jom) sy ‘Pum], *J sawef preyeuryy *J Auof

YBIEY-22O PISIA Waeg-UoISUI M -29JO PR




PREFACE

The U.S. Geological Survey (USGS) was created in 1879 as a bureau of the
Department of the Interior by an Act of Congress to oversee the Nation’s public
lands and to study its mineral resources and geologic structure. Over the ensuing
years, the scope of the Survey has expanded to include the study of the Nation’s
abundant water resources.

Legislation in 1888 authorized the Bureau to survey irrigable lands in arid
regions of the Nation, and in 1894, legisiation provided funds for gaging streams
and determining the Nation’s water supply. The need for a comprehensive water-
resources information program prompted Congress, in 1928, to enact the Cooper-
ative Matching Program, allowing for cooperative funding for the USGS’s water-
resources activities with other Federal agencies and State and local governments.
In 1964, the scope of the USGS was broadened further to include the responsibility
of coordinating all Federal-agency activities in the collection of water data.

The mission of the Water Resources Division of the U.S. Geological Survey is
to provide hydrologic information necessary for the management of the Nation’s
water resources. In order to accomplish this, the USGS in cooperation with other
Federal agencies and State and local governments:

o Collects data to determine the quantity, quality, and use of surface and ground
water and the quality of precipitation;

o Conducts water-resources investigations and assessments on the national, State,
and local levels, characterizes water-resources conditions, and provides the
capability to predict the effects of management actions, proposed develop-
ment plans, and natural phenomena on this natural resource;

o Conducts basic and problem-oriented hydrologic and water-related research
useful for the resolution of water-resources problems facing the Nation,
States, and local areas;

o Acquires information useful in predicting and delineating water-related natural
hazards from flooding, volcanoes, mudflows, and land subsidence;

o Coordinates the activities of all Federal agencies in the acquisition of water
data and operates water information centers;



o Disseminates data and the results of investigations through reports, maps, and
other forms of public release;

o Provides scientific and technical assistance in hydrology to other Federal
agencies and State and local governments, to licensees of the Federal
Energy Regulatory Commission and, on behalf of the U.S. Department of
State, to international agencies; and

o Administers the provisions of the Water Resources Research Act of 1984, which
include the State Water Resources Research Institute Program (Section 104)
and the Water Resources Research Grant Program (Section 105).

The purpose of this report is to describe the water-resources activities of the
North Carolina District of the U.S. Geological Survey and to define investigative
studies that are currently in progress in the District. An updated list of selected
publications is also provided at the back of the report.

|




WATER RESOURCES ACTIVITIES OF THE U.S. GEOLOGICAL SURVEY
IN NORTH CAROLINA, 1988-90

Compiled and edited by Rebecca J. Deckard

INTRODUCTION

Stream gaging began in North Carolina in 1895, and in 1921 a District office
was established in Asheville. By 1926, water-supply and sewage-disposal problems
in the State prompted the District to begin a cooperative streamflow data-collection
program.

Although the District’s surface-water division was the first to begin a cooperative
monitoring program, a ground-water division was established in 1931 to develop
a cooperative observation-well program with the State and to investigate the
potential for development of a ground-water supply for the Elizabeth City area.
The District’s surface- and ground-water divisions both continued to expand and
develop over the years, and in 1943, the surface-water division of the District
moved its office from Asheville to the State capital in Raleigh to be closer to
State and Federal cooperators.

In 1944, a water-quality division was added to the District and a laboratory
was established on what is now the North Carolina State University campus in
Raleigh to analyze the growing number of samples that were being collected
at stream-gaging stations across the State. Additional water-quality stations
were established across the State, and a statewide cooperative program was
developed to study the quality of public surface-water supplies.

With continued growth and expansion of the District’s three divisions, the need
for a more comprehensive, basin-wide approach to water-resources investigations
became evident. In response to this need, the District’s surface-water, ground-
water, and water-quality divisions merged in 1965 into what is recognized today
as the North Carolina District of the U.S. Geological Survey and relocated in
Raleigh under the immediate direction of the District Chief.

The North Carolina District consists of the District office in Raleigh and four field
offices in Asheville, Charlotte, Washington, and Winston-Salem. Water-resources
activities conducted by the District fall under two broad categories: water-
resources data and water-resources investigations. ’



Water-resources data activities include the systematic collection and pro-
cessing of data from streamflow, ground-water, and water-quality stations. Data
for these stations are stored in the USGS’s national WATSTORE computer files
located in Reston, Virginia, and are available upon request. Data for selected
stations are published annually in a report entitied, "Water Resources Data, North
Carolina,” as well as in other formal USGS publications.

Water-resources investigations include a wide range of environmental concerns
for existing and development-induced conditions. The North Carolina District
currently has a number of interpretive studies in'progress, the results of which
are published in a variety of scientific and technical reports, abstracts, and
papers. Reports are provided to cooperating agencies, government depository
libraries throughout the State, and various other repositories. A selected list of
these reports is found on pages 7598 of this report.

The USGS conducts water-resources programs in North Carolina in cooperation
with State, local, and Federal agencies. These programs are funded through coop-
erative agreements with the North Carolina Department of Environment, Health,
and Natural Resources (DEHNR) (formerly known as the Department of Natural
Resources and Community Development), the Department of Human Resources
(prior to its incorporation into DEHNR), and the Department of Transportation, as
well as a number of city and county governmental agencies. Some indirect
support is provided by private enterprise. The USGS also conducts special
studies and data-collection programs for the U.S. Army Corps of Engineers, U.S.
Environmental Protection Agency, U.S. Marine Corps, U.S. Soil Conservation
Service, and the Tennessee Valley Authority. A complete list of USGS coopera-
tors in North Carolina is provided on page ? of this report.

|

Water resources in most areas of North Carolina are abundant. However,
drought periods during the past several years have revealed that water supplies
are not unlimited. Recent controversies regarding eutrophication, synthetic
organic chemicals, phosphate detergents, and other stream-quality issues indi-
cate the need for detailed information on the quality of the State’s drinking-
water sources. |

The ability of the ground-water system to miet future demands is also largely
unknown. Withdrawals have produced water-level declines of 150 feet and
greater in aquifers throughout large areas of the northeast and central Coastal
Plain. The question of the potential for ground water to provide moderate
to large water supplies in the Blue Ridge and Piedmont areas is largely
unexplored.




Some water managers and planners consider interbasin transfer a means of
meeting future needs in water-poor areas. The hydrologic consequences of such
transfers, including freshwater inflow necessary to maintain viable environmental
conditions in estuary systems and the effects of proportionately increased
waste loading, are not adequately known.

Effects of development on water resources are becoming sensitive issues,
particularly in new and expanding urban, industrial, and agricultural areas.
Increased flooding potential, deterioration in water quality of streams and
ground-water systems from waste disposal, landfill operations, and acid deposi-
tion from rainfall are a few examples. In coastal areas, eutrophication of estuary
systems from nutrient loading, ecological damage caused by altered patterns
of freshwater inflow, declining ground-water levels from overpumping, increased
risk of saltwater intrusion, and overdrainage from channelization and dredging
projects are of major concern.

Some of the more sensitive, hydrologically oriented environmental concerns
in North Carolina are as follows:

Overstressed ground-water systems statewide;
Overstressed surface-water supplies statewide;
Nutrient loading and eutrophication of major estuaries;
Possible ground-water contamination by waste disposal,
induced saltwater intrusion, and other contaminants;
Possible contamination of surface and ground waters from
trace metals and organic substances leaching
from landfills and waste-disposal sites;
Selection and management of waste-disposal sites;
Effects of acid rainfall on stream systems statewide;
Loss of reservoir storage due to sedimentation statewide;
Regional water supplies--toxic materials (inflow) and
resuspension of synthetic organic compounds; and
Pesticide/herbicide migration into streams and ground
water.

Oo0oaoan a Oooan
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Priority issues of Federal, State, and local interest for the 1990 fiscal
year water-resources program are as follows:

v Ground-water quality

v Water supply and wastewater disposal
v Stream quality

v Hydrologic hazards
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v Wetlands, lakes, and estuaries

v Hydrology and changing climate effects on
atmospheric chemistry

v Hydrologic effects of fossil fuels and
mineral extraction

v Global climate chc%ge

The hydrologic-data program continues to d;rovide the foundation of
ongoing and future interpretive investigations inl North Carolina and the Nation.
The data program is a high priority effort in the Federal-State Cooperative Program.

The 1988-90 program of the North Carolina District, in cooperation with
other Federal agencies and State and local governments, addresses most of these
issues and North Carolina’s need for water-resources information. A summary of
the program for fiscal year 1989-90 is described in following sections of this
report. ‘

The North Carolina District also is participating in investigations of
national scope, such as the USGS National Water-Quality Assessmment Program
(NAWQA) and the Appdadlachian-Piedmont Regional Aquifer Systems Analysis
(APRASA) programs. Because of growing concerns about current conditions,
trends, and factors that affect the quality of the Nation’s water resources,
Congress appropriated funds in 1986 for the USGS to begin a NAWQA pilot
program.

Based on results of the NAWQA pilot program, it was determined that imple-
mentation of the NAWQA program was in the best interest of the Nation and that
the USGS was well qualified to establish and implement the program. Sixty
study units were designated to investigate ground- and surface-water quality
within stream-aquifer systems covering about 45 percent of the land area of the
United States. These study-unit investigations will address regional and local
water-quality concerns and will provide a unified framework on which to assess
regional and national water quality. The North Carolina District serves as head-
quarters for the study-unit investigation of the Albemcrle—Pcmlico drainage areaq.

Regional and national water-quality concer+s addressed by the NAWQA
program are: |

v Occurrence and concentration of pesticides in ground and surface
water and their relation to human and aquatic health criteria;















































































































































































































SELECTED PUBLICATIONS ON WATER RESOURCES

Selected publications on water resources in North Carolina are listed on the
following pages; many of the reports are available for public inspection at one
of the offices shown in the figure inside the front cover of this report, as well as
at larger public and university libraries across the State. For information on the
availability of these publications, contact the District Chief, U.S. Geological
Survey, 3916 Sunset Ridge Road, Raleigh, North Carolina 27607.

The following list includes U.S. Geological Survey publications, reports from
cooperating agencies, and outside publications, such as professional journal
articles and symposium proceedings, prepared by members of the District staff.
New reports published or released by the USGS are announced monthly in
*New Publications of the U.S. Geological Survey." Subscriptions to this monthly
list are available upon request to the U.S. Geological Survey, National Center,
Mail Stop 582, Reston, Virginia 22092,

Most USGS publications are available at cost from the U.S. Geological Survey,
Books and Open-File Reports, Federal Center, Box 25425, Building 810, Denver,
Colorado 80225. Some of the types of USGS publications available include:
Bulletins, Open-File Reports (books and maps), Water-Resources Investigations
Reports (books and maps), Water-Supply Papers, Professional Papers, Techniques
of Water-Resources Investigations, and Selected Papers in the Hydrologic
Sciences. Circulars are available at no charge upon request.

USGS maps, such as Hydrologic Investigations Atlases, Hydrologic Unit Maps,
and topographic maps can be purchased from the U.S. Geological Survey,
Map Distribution Center, Federal Center, Box 25286, Denver Colorado 80225.
Some of these maps are also available for inspection at the USGS offices listed
on the inside of the front cover.

Listed reports prepared by the U.S. Geological Survey in cooperation with,
and published by, State or local agencies may be inspected at or obtained
from the cooperating agency. The U.S. Geological Survey office in Raleigh
maintains a loan library that contains copies of some of these reports. In
addition, many of the reports are available for inspection at the larger public
and university libraries throughout the State.
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The North Carolina Department of Environment, Health, and Natural Resources
has an extensive library of publications relating to water resources in North
Carolina. Most USGS publications originating from the North Carolina District
also are available for inspection there. The North Carolina Department of
Environment, Health, and Natural Resources is located in the Archdale Building,
512 N. Salisbury Street, Raleigh, North Carolina 27601.

Professional journal articles and symposium proceedings are available from
the publisher or from the professional organization sponsoring the symposium.
Reprints of articles or symposium proceedings papers can often be obtained by
contacting the author directly.

Prior to the 1975 water year, records of streamflow, ground-water levels, and
quality of water were published in the USGS Water-Supply Paper series. However,
these data are currently combined and published annually for each State in the
U.S. Geological Survey Water-Data Report series. The title of the North Carolina
annual data report is "Water-Resources Data for North Carolina—-Water Year (date):
U.S. Geological Survey Water-Data Report NC-(19_)-1." It contains streamflow
data, water-quality data for surface water and ground water, and ground-water
level data from the basic network of observation wells.

The USGS also publishes such special reports as the U.S. Geological Survey
Yearbook, which provides a comprehensive description of the Federal Govern-
ment’s largest earth-science agency. Summaries of research in progress and
results of completed investigations are published each fiscal year in the
Professional Paper series, "Geological Survey Res¢crch.“ Both publication series
are sold by the U.S. Geological Survey, Books and Open-File Reports, Federal
Center, Box 25425, Building 810, Denver, Colorado 80225.

Further information regarding publications of the U.S. Geological Survey is
available from the District Chief, U.S. Geological Survey, Water Resources Division,
3916 Sunset Road, Raleigh, North Carolina 27607,
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Surface Water

Data Reports

Streamflow data

Daily streamflow records, beginning with water year 1975, are released in the
annual publication, "Water Resources Data for North Carolina, Water Year 19_."
Before 1961, this was an annual series in three parts: Part 2-A contained data for
streams draining to the Atlantic Ocean; Part 3-A contained data for streams in the
New River basin; and Part 3-B contained data for streams in the Tennessee River
basin. For the period 1961-70, 5-year compilations were published containing data
for North Carolina. The parts for this period are Part 2, Volume 1, containing data
for streams draining to the Atlantic Ocean; Part 3, Volume 2, containing data
for streams in the New River basin; and Part 3, Volume 4, containing data for
streams in the Tennessee River basin. Also, from 1961 through 1974, daily stream-
flow records were released annually in a single open-file report covering the
entire State.,

Eloods

The U.S. Geological Survey outlines flood-prone areas on topographic maps
as part of a recent nationwide Federal program for managing flood losses. In
North Carolina, 480 flood-prone area maps have been completed. These maps
are available from the District Chief, U.S. Geological Survey, 3916 Sunset Road,
Raleigh, North Carolina 27607. Basic-data reports pertaining to surface-water
resources are listed below:

Jackson, N.M,, Jr., Wollin, E.G., Reeder, H.E., and Dillard, T.E., 1977 (revised),
Thomas, N.O., and Bonham, W.G., 1976, Annual maximum peak stages and
discharges of North Carolina streams: U.S. Geological Survey Open-File
Report 77-367, 226 p.

Mason, R.R., and Hill, C.L., 1988, Programs for generating data tables for the
annual water-resources data report of the U.S. Geological Survey: U.S.
Geological Survey Open-File Report 88-173, 13 p.

Meikle, R.L., 1983, Drainage areas of selected sites on North Carolina streams:
U.S. Geological Survey Open-File Report 83-211, 163 p.

Thomas, N.O., 1973, Summaries of streamflow records: North Carolina Department
of Natural and Economic Resources, Office of Water and Air Resources, 303 p.
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Thomas, N.O., and Jackson, N.M., Jr., 1981, Manual for leveling at gaging stations
in North Carolina: U.S. Geological Survey Open-File Report 81-1104, 37 p.

U.S. Geological Survey, 1961-64, Surface-water records of North Carolina.

1965-74, Water-resources data for North Carolina--Part 1, Surface-water
records. !

1975-90, Water-resources data for North Carolina, wateryear 19_: U.S.
Geological Survey Water-Data Report NC-19_-1.

Yonts, W.L., 1971, Low-flow measurements of North Carolina streams: North
Carolina Department of Water and Air Resources, 236 p.

Interpretive Reports

Arteaga, F.E., and Hubbard, E.F., 1974, Evaluation of reservoir sites in North
Carolina, Regional relations for estimating the reservoir capacity needed
for a dependable water supply: U.S. Geological Survey Water-Resources
Investigations 46-74, 60 p.

Bales. J.D., 1987, Review of concepts and data rrtlevom‘ to hydrodynamic and
water-quality modeling of the Albemarle-Pamlico Sound, North Caroling, in
Duffy, M.A., ed., Proceedings of the workshop on hydrodynamic and water-
qudlity models for the Albemare-Pamlico estuarine study: Raleigh, North
Carolina Department of Natural Resources and Community Development,
Report No. 87-03, p. 13-28.

1988, Fractional step method for two-dimensional estuarine transport, in
Abt, S.R., and Gessler, Johannes, eds., Hydraulic engineering, Proceedings
of the 1988 national conference: New York, American Society of Civil
Engineers, p. 1182-1187.

___1989q, Flows and flow patterns in the Pamlico and Neuse River estuaries (abs.),
in Holman, R.E., ed., Project abstracts for period 1989-1990, Albemarle-
Pamlico estuarine study: Raleigh, North Carolina Department of Environment,
Health, and Natural Resources, Project no. 89/08, September 1989, p. 8.

____1989b, Off-site effects of water-control sfruc’rbres (abs.), in Holman, R.E.,
ed., Project abstracts for period 1989-1990, Aibemorle—PomIico estuarine study:
Raleigh, North Carolina Department of Environment, Health, and Natural
Resources, Project no. 89/08, September 1982, p. 9.
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____1990q, Data-collection program for Pamlico River estuary model calibration
and vdlidation, in Spaulding, M.L., ed., Estuarine and coastal modeling,
Proceedings of the conference, Newport, R.I., November 15-17, 1989: New
York, American Society of Civil Engineers, p. 492-501.

____1990b, Hydrodynamics and circulation of the Pamlico River and Neuse River
estuarles (abs.), in North Carolina Department of Environment, Health, and
Natural Resources, Project abstracts - FY89 and FY90: Raleigh, North Caro-
lina Department of Environment, Health, and Natural Resources, Project no.
90-18, p. 26.

Bilingsley, G.A., Fish, R.E., and Schipf, R.G., 1957, Water resources of the Neuse
River basin, North Carolina: U.S. Geological Survey Water-Supply Paper 1414,
89 p.

Coble, R.W., 1979, A technique for estimating heights reached by the 100-year
flood on unregulated, nontidal streams in North Carolina: U.S. Geological
Survey Water-Resources Investigations 79-69, 14 p.

Daniel, C.C., lil, 1977, Digital flow model of the Chowan River estuary, North
Carolina: U.S. Geological Survey Water-Resources Investigations 77-63, 84 p.

1978, Land use, land cover, and drainage on the Albemarle-Pamlico peninsula,
eastern North Caroling, 1974: U.S. Geological Survey Water-Resources Investi-
gations 78-134, 2 sheets.

1980, Hydrology, geology and soils of pocosins: A comparison of natural and
altered systems, in Richardson, C.J., ed., Pocosin wetlands: An integrated
analysis of Coastai Plain freshwater bogs in North Carolina: Stroudsburg, Pa.,
Hutchinson Ross Publishing Company, p. 69-108.

Eddins, W.H., and Jackson, N.M., Jr., 1980, A technique for estimating flood
heights on small streams in the city of Charlotte and Mecklenburg County,
North Carolina: U.S. Geological Survey Water-Resources Investigations
80-106, 16 p.

Fish, R.E., LeGrand, H.E., and Billingsley, G.A., 1957, Water resources of the Yadkin-
Pee Dee Rlver basin, North Carolina: U.S. Geological Survey Water-Supply
Paper 1415, 115 p.
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Giese, G.L., 1976, Thermal loading of Hyco Lake, North Carolina--The effect of
heated water on temperature and evaporation, 1966-74: U.S. Geological
Survey Water-Resources Investigations 76-48, 46 p.

Giese, G.L., Wilder, H.B., and Parker, G.G., Jr., 1985, Hydrology of major estuaries
and sounds of North Carolina: U.S. Geological Survey Water-Supply
Paper 2221, 107 p. ‘

Goddard, G.C., Jr., 1963, Water-supply chcroctérisﬁcs of North Carolina streams:
U.S. Geological Survey Water-Supply Paper 1761, 223 p.

Goddard, G.C., Jr., Jackson, N.M., Jr., Hubbard, E.F., and Hinson, H.G., 1970, A
proposed streamflow data program for North Carolina: U.S. Geological
Survey Open-File Report, 69 p.

Gunter, H.C., Mason, R.R., and Stamey, T.C., 1987, Magnitude and frequency of
floods in rural and urban basins of North Carolina: U.S. Geological Survey
Water-Resources Investigations Report 87-4096, 52 p.

Haire, W.J., 1968, Floods on Boone and Winkler Creeks at Boone, North Carolina:
U.S. Geological Survey Hydrologic Investigations Atlas HA-323.

1968, Floods on Little Buffalo Creek at West Jefferson, North Carolina: U.S.
Geological Survey Hydrologic Investigations Atlas HA-331.

Heath, R.C., 1978, Floods and droughts, The wor§f are yet to be: North Carolina
Water Resources Research Institute (brochure).

Hinson, H.G., 1965, Floods on smail streams in North Carolina, Probable magnitude
and frequency: U.S. Geological Survey Circular 517, 7 p.

Hubbard, E.F., and Stamper, W.G., 1972, Movement and dispersion of soluble
pollutants in the northeast Cape Fear estuary, North Carolina: U.S. Geological
Survey Water-Supply Paper 1873-E, 31 p.
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Jackson, N.M., Jr., 1968, Flow of the Chowan River, North Carolina, A study of
the hydrology of an estuary affected primarily by winds: U.S. Geological
Survey Open-File Report, 29 p.

Lindskov, K.L., 1974, Movement and dispersion of soluble materials in Saiem Creek,
Muddy Creek, and Yadkin River between Winston-Salem and Salisbury, North
Carolina: U.S. Geological Survey Water-Resaurces Investigations 6-74, 26 p.
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Martens, L.A., 1968, Flood inundation and effects of urbanization in metropolitan
Charlotte, North Carolina: U.S. Geological Survey Water-Supply Paper 1591-C,
60 p.

Mason, R.R., and Jackson, N.M., Jr., 1985, Cost-effectiveness of the stream-gaging
program in North Carolina: U.S. Geological Survey Water-Resources Investi-
gations Report 85-4036, 109 p.

1985, North Carolina surface-water resources, in National water susnmary
1985—Hydrologic events and surface-water resources: U.S. Geological Survey
Water-Supply Paper 2300, p. 355-360.

McMaster, W.M., and Hubbard, E.F., 1970, Water resources of the Great Smokey
Mountains National Park, Tennessee and North Carolina: U.S. Geological
Survey Hydrologic Investigations Atlas HA-420.

Putnam, A.L., 1972, Effects of urban development on floods in the Piedmont
Province of North Carolina: U.S. Geological Survey Open-File Report, 87 p.

Putnam, A.L., and Lindskov, K.L., 1973, Water resources of the upper Neuse River
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Water Quality
Data Reports
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Gmumm

Data Reports

Prior to 1975, ground-water levels and artesian pressures in observation wells
were published in the Water-Supply Papers (WSP) listed in the following table.
Since 1975, publication has been in the annual water-data report series which are

~ distributed each year by the District office in Raleigh.

Year WSP__ Year WSP Year WSP Year WSP

1935 777 1941 937 1947 l®7 1983 1266
1936 817 1942 945 1948 1127 1954 1322
1937 840 1943 987 1949 1157 1955 1405
1938 845 1944 1017 1950 1166 1956-58 1538
1939 886 1945 1024 1951 1192 1959-63 1803
1940 Q07 1946 1072 1952 1222 1964-68 1978

1969-73 2171
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