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CONVERSION FACTORS, TEMPERATURE, AND VERTICAL DATUM

Multiply By To obtain
Length
inch 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square mile (mi®) 2.590 square kilometer
Flow
gallon per minute (gal/min) 0.06308 liter per second
million gallons per day (Mgal/d) 0.04381 cubic meter per second
cubic foot per second (ft¥/s) 0.02832 cubic meter per second
cubic foot per second per square mile
([ft/s])/mi®) 0.01093 cubic meter per second per square kilometer

Temperature: In this report, temperature is given in degrees Fahrenheit (°F), which can be
converted to degrees Celsius (°C) by using the following equation:

°C = (5/9%°F - 32)

Sea level: In this report. “"sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD
of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both
the United States and Canada, formerly called Sea Level Datum of 1929.
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Low-flow potential for streams in these two areas is
low relative to the other hydrologic areas in the State.
Many streams within the Triassic basin have zero 7Q10
discharges as a result of low permeabilities associated
with rock types in this area.

Drainage System

Rivers and streams within the Deep River Basin
constitute one of the units defined in the system of
hydrologic units in the USGS National Water Data
Network (Seaber and others, 1987). The unit is
identified as “03030003 Deep [River], North Carolina”
and is defined as the study area for this report. Selected
gaging stations and measurements from sites within
this basin are the basis for the low-flow characteristics
and profiles presented in this report.

Major Rivers and Tributaries

The Deep River forms at the confluence of the
West Fork and East Fork Deep Rivers just upstream
from the dam which impounds High Point Municipal
Lake in Guilford County. The Deep River is nearly
114 miles (mi) in length from the dam to the mouth of
the river. From the dam, the Deep River flows in a
southeasterly direction through Guilford and Randolph
Counties, turns east in Moore County then northeast
along the Chatham-Lee County line before draining
into the Cape Fear River (pl. 1.

At the mouth, the drainage area of the Deep
River is 1,441 mi’. The basin begins as a narrow
drainage area and gradually broadens in width as the
river travels its downstream course. Major tributaries
draining to the Deep River include Polecat Creek
(56.3 mi*) in Guilford and Randolph Counties; Sandy
Creek (60 mi*), Richland Creek (66 mi?), and Brush
Creek (69.6 mi”) in Randolph County; Bear Creek
(145 mi?) and McLendons Creek (100 mi?) in Moore
County; and Rocky River (243 mi*) in Chatham
County (pl. ).

Major Flow Modifications

Previous discussions alluded to the generally
complex nature of low-flow hydrology due to geologic,
topographic, and climatic factors. The presence of
major flow modifications adds a level of complexity to
the determination of low-flow characteristics. Flow
modifications can be classified into two general- -
categories—impoundments and diversions of flow. The

on-going addition and, in some instances, removal of
these modifications result in continual changes to the
low-flow characteristics.

Impoundments

Impoundments, the result of construction of a
dam on a stream, are used to store water for a variety of
purposes including supply, recreation, irrigation, flood
control, power production, and cooling. The effects of
impoundments on downstream low-flow character-
istics vary because of the changes in streamflow
patterns that result from storage, diversions of water
(for supply purposes) that commonly occur within the
impoundments, and to a smaller extent, evaporation
from the impoundments. Post-impoundment flow
durations for downstream flows, particularly below
major impoundments, adjust in response to changes in
flows relative to pre-impoundment conditions. The
most common, and usually more obvious, adjustment
in flow durations for streams downstream of
impoundments is the reduction in peak flood
discharges observed in post-impoundment flows. In a
similar manner, some impoundments—particularly
those operating under minimum-flow releases—serve
to augment downstream flows during droughts and thus
imcrease low flows observed below the dam.

Sixteen existing dams—14 of which are located
on the Deep River—were identified from information
provided by the DWR (North Carolina Department of
Environment, Health, and Natural Resources, written
commun., 1996) and from examination of USGS
topographic quadrangle maps (table 1). One other dam
listed in table | and shown on plate 1 is the proposed
dam for Randleman Reservoir which, if completed,
will be used primarily for water supply. The dams at
Oak Hollow Reservoir and High Point Municipal Lake
are the only ones which store water to the extent of
causing widespread inundation of the river valley
upstream from the dam. Most of the dams on the Deep
River are owned by small hydroelectric power
producers who typically operate on the basis of ““run-
of-river” mode in which outflows from the dams are
approximately equal to inflows to the dams. While the
dams on the Deep River can alter flow patterns in the
river reaches immediately upstream and downstream
from the dams. none are capable of causing the level of
extensive changes in flow patterns observed down-
stream from the dams at Oak Hollow Reservoir and
High Point Municipal Lake (Jim Meade, Division of
Water Resources, written commun., 1997).
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Table 1. Summary of selected dams in the Deep River Basin in North Carolina

[mi°. square miles: ft¥s. cubic feet per second; FERC, Federal Energy Regulatory Commusston: n/a, not applicable: ---, no minimum release speertied; f( teet|

Minimum release®
(ft3/s) as
mandated by:

Drain-

State of
River  ares North  FERC
iv .
X Carolina
County Dam mile? (mi?) Remarks
Guilford Oak Hollow Reservoir dam (02094950 West n/a 320 - ---
Fork Deep River at Oak Hollow Reservoir
near Deep River)
Guilford High Point Municipal Lake dam (02099096 113.8 61.4 --- ---
Deep River at High Pornt Dam)

Randolph  Coltrane Mill dam 102.4 125 7.1 - Bypass length 230 ft. Dam s not subject
to licensing by FERC.

Randolph  Randleman dam [proposed] (02100083330 94.6 173 30 Dam for proposed Randleman Reservoir.

Deep River at proposed dam site at
Randleman)
Randolph  Unnamed dam 92.2 178 - ---
Randolph ~ Worthville dam (02100219 Deep River at 90.7 236
Worthville)

Randolph ~ Cox Lake dam 86.1 255 8 42 Bypass length 506 ft.

Randolph  Cedar Falls dam 84.8 266 8 32 Bypass length 2,112 ft.

Randolph Franklinville dam (02100365 Deep River at 82.2 277 11 - Bypass length 480 ft. Dam is subject to

dam at Franklinville) licensing by FERC (no current
license).

Randolph Unnamed dam 81.4 279 --- --- Presence of dam noted on topographic
map: however. dam has been breached.

Randolph ~ Ramseur dam 78.9 349 11 45 Bypass length 1.430 ft.

Randolph  Coleridge dam (02100617 Deep River at 70.7 401 12 35 Bypass length 500 ft.

Coleridge)

Moore Unnamed dam 55.5 634 --- Presence of dam noted on topographic
map: however, only remnants of dam
known to exist.

Moore High Falls dam 513 792 28 108 Bypass length 2,844 ft.

Chatham Carbonton dam (02101402 Deep River at 290  1.026 -

dam at Carbonton)
Chatham  Rocky River dam® n/a 180¢
Chatham Lockville dam (02102048 Deep River at dam 32 1436 28 70 Bypass length 700 ft.

at Moncure)

* Where applicable, river mile for Deep River. Zero miles is at mouth of Deep River.

® Minimum-release data and information (listed in Remarks) pertaining to dams from North Carolina Department of Environment, Health, and Natural
Resources, written commun., 1996.

¢ Three other dams (not listed in this table) are located on the Rocky River in Chatham County. Two are operated by Town of Siler City for water
supply: the third dam, dating to the pre-Civil War period, is not actively operated and merely serves as a point of interest in the local area.

d Approximate drainage area.
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The reach of the Deep River between High Point
Municipal Lake and the mouth of the river has one of
the highest occurrences of dams for moderate-size river
basins in North Carolina (pl. 1). The presence of these
dams has made the assessment and management of
water quality difficult for officials at the Federal, State,
and local levels. Concurrent records of inflow, outflow,
and corresponding patterns of storage at each of these
dams are non-existent and thus unavailable to
supplement records of streamflow collected by the
USGS at selected sites on the Deep River. An
indication of the complexity of river management on
the Deep River can be seen from the data in table |
where two distinct minimum-flow releases are required
for some dams. At the small hydroelectric dams,
minimum-flow releases required by the State are based,
in part, on previous estimates of 7Q10 discharge,
whereas flow releases required by the Federal Energy
Regulatory Commission are based on a complex
formula which addresses, in part, the maintenance of
aquatic habitat. Minimum-tlow releases required by the
State apply to the bypass reaches (table 1) below these
dams. The use of “run-of-river” mode in maintaining
flows upstream and downstream from the dams applies
to the reaches upstream from the dams and downstream
from the dams’ bypass reaches.

Diversions

Diversions, occurring as withdrawals or point-
source discharges, have the effects of immediately
altering downstream low flows by an amount equal to
the diversion rate. Withdrawals commonly are made by
municipalities for supply purposes, by major industries
" for manufacturing, and by farms for irrigation.
Knowledge of low-flow characteristics is important
when withdrawals are being made because decreased
flows downstream from the withdrawals must be
sufficient to sustain downstream uses, including the
assimilation of treated effluent during drought
conditions. Point-source discharges into streams are
permitted through the issuance of National Pollution
Discharge Elimination System (NPDES) permits. In
North Carolina, as well as other States, permits that set
limits for discharges of treated effluent are based, in
part, on the 7Q10 discharge. In a similar manner to
withdrawals, flows upstream from the discharge point
must be sufficient to assimilate the treated effiuent
while maintaining other uses of the stream.

Data describing major withdrawals and point-
source discharges in the study area were obtained from

the different State agencies that monitor flow
diversions (North Carolina Department of
Environment, Health, and Natural Resources, written
commun., 1996). For selected facilities, average
surface-water withdrawals and return point-source
discharges reported for 1995 were compiled into a
summary that lists the magnitudes of streamflow
changes in the affected streams (table 2). In most
instances, point-source discharges were paired with a
corresponding surface-water withdrawal made by a
given facility. For each facility, the NPDES permit
number and permitted flow rate assigned to the permit
also are listed.

Eight facilities (seven municipalities and one
industry) had withdrawals and/or point-source
discharges to the Deep River during 1995 (table 2). The
City of High Point had the highest rates of flow
diversions—withdrawals averaged more than 13
million gallons per day (Mgal/d), and returns to the
Deep River averaged 11.7 Mgal/d. Other significant
diversions are point-source discharges made by the
Cities of Asheboro and Sanford, each of which
discharged about 4.5 Mgal/d into the Deep River
during 1995. Return discharge by the City of Asheboro
is actually an interbasin transfer from the Yadkin River
Basin. Similarly, water is transferred out of the Deep
River Basin by the City of High Point, which
discharged an average of 5.2 Mgal/d into Rich Fork
Creek in the Yadkin River Basin during the 1996 water
year.

Climate

The climate in the study area, as throughout most
of North Carolina, consists of long, hot, humid
summers and short, mild winters with brief periods of
more moderate, milder conditions during the spring
and autumn seasons. Records collected by the National
Weather Service at selected observation stations in and
near the study area indicate that average monthly
temperatures (1961-90) range from a minimum of
about 38 °F in January to a maximum of about 78 °F in
July (National Oceanic and Atmospheric
Administration, written commun., 1994). In all areas of
the Deep River Basin, temperature extremes in the
summer reach levels exceeding 90 °F for long periods
of consecutive days.

Average annual precipitation (1961-90) at
selected observation stations in and surrounding the
study area ranges from nearly 42 inches in headwaters

Climate 7



Table 2. Summary of selected flow diversions by surface-water withdrawals and return (point-source) discharges to streams
in the Deep River Basin study area for 1995

[Mgal/d, million gallons per day (1 Mgal/d is equivalent to approximately 1.55 cubic feet per second): n/a, not applicable. Where Deep River is
listed as the withdrawal source or return destination, river miles are listed in parentheses beside stream names]

g e 02
g 5% o
T~ = g % g
Source £32 Destination 22 nNPDES Z2
E [ . T o
of b g of oo permit 2o
County Facility Purpose withdrawal o< return discharge o 8 number E s
g <3 $
z ] a3
Guilford City of High Point* Public water supply  High Point Municipal 13.3  Richland Creek 11.7  NC0024210  16.0
Lake (tributary to Deep
River at mile 106.8)
Rich Fork Creek in 49 NCO0081256 100
Yadkin River Basin
Randolph City of Randleman® Public water supply  Polecat Creek 1.0 Deep River (mile 91.2) 103 NC0025445 1.75
Randolph City of Asheboro® Public water supply  Stream in Yadkin River n/a  Hasketts Creek 473 NC0026123 6.0
Basin (tributary to Deep
River at mile 87.8)
Randolph Town of Ramseur Public water supply  Sandy Creek .54 Deep River (mile 77.7) 24 NC0026565 48
Moore Town of Robbins Public water supply  Bear Creek, Cabin Creek, 7Y Deep River (mile 54.7) .77 NC0062855 1.0
and Brooks Reservoir
Chatham Goldston-Gulf Sanitary Public water supply Deep River (mile 23.3) .3 Deep River (mile 23.3) .003 NCO081795 .006
District
Lee Lee County Water and  Public water supply  Deep River (mile 18.0) 81 n/a n/a n/a n/a
Sewer District®
Lee Golden Poultry, Inc. Food processing n/a n/a’  Deep River (mile 15.2) .72 NCO0072575 1.0
Lee City of Sanford*® Public water supply  Stream in Cape Fear Basin n/a Deep River (mile 14 3) 4.31 NCO024147 5.0

“ Withdrawals and return-discharge amounts reported for 1996 water year. City of High Point also supplies water and treats waste for Archdale and

Jamestown municipalities.

P City of Randleman receives and treats some waste from City of Asheboro.
¢ City of Asheboro withdraws water from the Yadkin River Basin and discharges part of the treated waste to Hasketts Creek in the Deep River

Basin,

d Average withdrawal reported for Town of Robbins represents total amount withdrawn from the three identified sources.
¢ Lee County Water and Sewer District supplies water to the community of Tramway; City of Sanford treats water distributed by Lee County Water and

Sewer District.

" Golden Poultry receives water from Lee County Water and Sewer District.
¢ City of Sanford withdraws water from the middle Cape Fear Basin and discharges part of the treated waste upstream to the Deep River.

of the basin to about 47 inches in the central parts of the
basin. Most rainfall occurring during the warmer
months comes from isolated, convective storms which
arise in the late afternoons and evenings as a result of
day-time heating. Rainfall occurring during the cooler
months is from more organized frontal storms which

cover broad areas of the region (Kopec and Clay, 1975).

Since 1900, there have been seven major
droughts in North Carolina, some of which have
resulted in low flows in the Deep River Basin
(Zembrzuski and others, 1991). The drought of the
longest duration occurred during 1950-57; dry

conditions associated with this drought initially
affected streams in the Piedmont Province (including
the study area) and spread statewide by 1952. Low
flows having recurrence intervals of between 40 and 60
years were observed across the State. The lowest daily
mean discharge (6.0 ft3/s) and the lowest instantaneous
discharge (5.5 ft*/s) at the USGS gaging station at Deep
River at Moncure (site 160) in Chatham County were
recorded on October 9 and 10, 1954, respectively, for
the period of record (July 1925 to September 1995)
(U.S. Geological Survey, 1961-95, published
annually).
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30-day lowest average discharges and winter
(November through March) 7-day lowest average
discharge were developed; then a log-Pearson Type 111
frequency distribution was fitted to the measured
values. The computed log-Pearson distribution
generally corresponds closely to the distribution of
annual low flows for sites having long-term periods of
record (fig. 4).

Low-flow characteristics for the sites on the
Deep River include the effects of the dams located on
the river as reflected 1n the streamflow record (table 1).
As discussed in a previous section, hydroelectric dams
owned by small power producers typically operate in a
“run-of-river” mode and only temporarily affect
storage slightly by altering inflow and outflow patterns
for the purposes of power production. The dams at Oak
Hollow Reservoir and High Point Municipal Lake
regulate the flows in the Deep River and do not operate
under any requirements for minimum-flow releases
(Jim Meade, Division of Water Resources, written
commun., 1997). Where records of changes in storage
are available, records of streamflow measured

downstream from a dam typically are adjusted to reflect
the changes in storage upstream from the dam.
However, no adjustments were made to the measured
daily mean discharges at the continuous-record gages
(sites 28, 60, and 160; table 4) on the Deep River
downstream from High Point Municipal Lake because
records of changes in storage upstream from the dams
on the Deep River were not available.

Partial-Record Sites

Using the techniques discussed by Riggs (1972),
low-flow characteristics were determined for 23 of the
149 partial-record sites in the Deep River Basin
(table 4). Sites having 10 or more discharge measure-
ments, sites where low-flow characteristics previously
have been published, and sites on the Deep River for
which low-flow discharges were necessary to develop
discharge profiles were included in the analysis of low-
flow characteristics. Sites having mostly crest-gage
(peak flood) partial-record measurements (sites 103,
126), sites immediately downstream from a major
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distribution for Deep River near Randleman, N.C. (site 28).
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NPDES point-source discharge or long-term
continuous-record station (sites 17, 100), and sites
for which no reliable correlations could be developed
(site 143) were not included in the analysis.

Discharge measurements of base flow at the
partial-record sites were correlated with concurrent

flows at nearby index sites (typically continuous-record

gaging stations) where low-flow characteristics had
been determined (fig. 5). Index sites used in the
correlation analysis of concurrent flows were selected
based on proximity of the partial-record and index
sites, and similarity of relevant basin characteristics
such as drainage area, topography, soils, and
hydrogeology.

Defining the relation between concurrent flows
usually is based on either statistical techniques or
graphical interpretation based on a visually fitted line
drawn through the concurrent flows (Riggs, 1972). In
this investigation, graphical interpretation was used to
establish the relation between the concurrent flows.

At most partial-record sites, correlations of the
discharge measurements with concurrent flows at
multiple index sites yielded several relations from
which estimates of low-flow discharges could be
determined. Overall estimates of low-flow discharges
(7Q10, 30Q2, W7Q10, and 7Q?2) for each partial-
record site were determined as the average of the
individual estimates derived from each correlation.
However, individually derived estimates from
correlations deemed unreliable were not included in the
average for overall estimates.

LOW-FLOW DISCHARGE PROFILES FOR
THE DEEP RIVER

Discharge profiles of low flows were developed
for the Deep River. A drainage-area profile also was
developed to document the relation between basin size
and low-flow characteristics. Discharge profiles for the
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instances, the presence of flow diversions upstream
from a given location can only be acknowledged.

SUMMARY

This report describes low-flow characteristics for
the Deep River Basin in North Carolina through the
1995 water year. Low-flow characteristics were
summarized for a number of existing gaging stations in
the study area, and drainage-area and low-flow
discharge profiles were developed for the Deep River.
Estimates of low flows presented in this report were
prepared in cooperation with the North Carolina
Department of Health, Environment, and Natural
Resources (NCDEHNR). In 1991, the NCDEHNR
began using a basinwide approach in its assessment of
water-quality conditions in North Carolina; part of the
assessment includes the simultaneous evaluation of
National Pollution Discharge Elimination System
(NPDES) permits for point-source discharges into
streams in the basin. In 1996, the NCDEHNR
requested an investigation of low flows on the Deep
River. The USGS., in cooperation with the NCDEHNR,
compiled low-flow characteristics for selected sites in
the Deep River Basin and developed low-fiow
discharge profiles for the Deep River.

The Deep River Basin, which has a drainage area
of 1,441 mi°, is located in central North Carolina. The
entire basin lies within the Piedmont physiographic
province and is characterized by rolling and hilly
topography. From the headwaters in the vicinity of
High Point, the Deep River flows in a southeasterly
direction through Randolph County and into Moore
County where it turns east then northeast where it flows
along the Chatham-Lee County line before flowing
into the Cape Fear River. Land use in the Deep River
Basin mostly is rural; the largest municipality is High
Point in the uppermost part of the basin.

Selected basin characteristics and their known
effects on low-flow characteristics are described in this
report. Flow modifications—impoundments,
withdrawals, and point-source discharges from and
into streams—in the study area also were documented.
Sixteen dams—14 of which are located on the Deep
River—were identified from information provided by
the NCDEHNR. With the exception of the dams on
Oak Hollow Reservoir and High Point Municipal Lake,
the dams on the Deep River are used primarily for
power production and typically operate on the basis of
“run-of-river” mode.

Withdrawals and return discharges were paired
for eight facilities that use the Deep River as a source
for withdrawals and/or as the receiving stream for
return point-source discharges. The largest
withdrawals and, correspondingly, largest return
discharges were made by the City of High Point which
withdrew and discharged an average of 13.3 and
11.7 Mgal/d, respectively, in 1995. Another significant
return discharge from the City of Asheboro, by way of
an interbasin transfer from the Yadkin River Basin,
occurred on Hasketts Creek; the average discharge in
1995 was about 4.7 Mgal/d. The return discharges from
High Point and Asheboro constitute much of the flow
contributions shown for Richland and Hasketts Creeks,
respectively.

Soils and underlying hydrogeologic units within
the Deep River Basin were examined to determine any
effects on low flows. Two soil associations,
Georgeville-Herndon and White Store—Creedmoor,
occupy much of the basin and are identified as having
medium and slow to very slow internal drainage,
respectively. The White Store—Creedmoor association
occurs in the southern fringes of the Deep River Basin;
soils in this association correspond to the underlying
rock types of the Triassic basin, which occupy nearly
16 percent of the basin. These soils are noted for a high
presence of clays and have slow to very slow internal
drainage characteristics, which result in little or no
storage of water in the surficial aquifers. Thus, streams
have little or no source for sustained base flow during
drought conditions. This is consistent with the presence
of a number of sites in the lower half of the basin which
have zero or minimal 7Q10 discharges (defined as less
than 0.1 ft/s).

Twelve of 18 hydrogeologic units identified for
the Blue Ridge and Piedmont Provinces occur within
the Deep River Basin. Of these 12, seven units have
average well yields below the mean average yield of
18.2 gal/min for hydrogeologic units in the Blue Ridge
and Piedmont Provinces. When combined, these seven
units (including the Triassic basin unit) make up nearly
79 percent of the Deep River Basin. The average well
yields which fall below the mean average well yield of
18.2 gal/min correspond to the moderate to low
potential for sustained base flow at streams in the lower
part of the basin.

Records of surface-water data were identified
and compiled for 160 sites in the study area. Low-flow
characteristics (7Q10, 30Q2, W7Q10, and 7Q2) were
determined for 30 sites (7 continuous-record and
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23 partial-record). For the seven gaging stations with
continuous records of daily mean discharge, available
continuous record through the 1995 water year were
used to determine low-flow characteristics.

Drainage-area and low-flow discharge
profiles were developed for the Deep River. The
drainage-area profile shows increases in basin size
for the entire reach of the Deep River. Major tributaries
to the Deep River include Polecat Creek (56.3 mi?),
Sandy Creek (60 mi®), Richland Creek (66 mi?), Brush
Creek (69.6 mi°), Bear Creek (145 mi>), McLendons
Creek (100 mi”), and Rocky River (243 mi?).

The low-flow discharge profiles depict the 7Q10,
30Q2, W7Q10, and 7Q2 discharges for the Deep River
between the dam at High Point Municipal Lake and the
mouth. The profiles reveal different potentials for
sustained base flow between the upper and lower parts
of the basin. In the upper part, flow profiles show
continual increases in low-flow characteristics as a
result of flow contributions from tributaries during
base-flow conditions. For the lower part of the basin,
the profiles show a decrease in the potential for
sustained base flow as a result of little to no flow
contributions from tributaries. The change in potential
is partially attributed to the soils and undertying rock
types which do not allow for storage in surficial
aquifers, particularly in the small tributary basins
which drain to the Deep River. Many streams in
the lower parts of the basin have minimal (less than
0.1 ft'/s) or zero 7Q10 discharges.

SELECTED REFERENCES

Barnes, C.R., 1986, Method for estimating low-flow
statistics for ungaged streams in the lower Hudson
River Basin, New York: U.S. Geological Survey
Water-Resources Investigations Report 85—070,
2p.

Bingham, R.H., 1985, Low flows and flow duration of
Tennessee streams through 1981: U.S. Geological
Survey Water-Resources Investigations Report
841347, 325 p.

Carter, R.F., Hopkins, E.H., and Perlman, H.A., 1988,
Low-flow profiles of the Upper Savannah and Ogeechee
Rivers and tributaries in Georgia: U.S. Geological
Survey Water-Resources Investigations Report
88—1047, 169 p.

Daniel, C.C., III, 1989, Statistical analysis relating well yield
to construction practices and siting of wells in the
Piedmont and Blue Ridge Provinces of North Carolina:
U.S. Geological Survey Water-Supply Paper 2341-A.
27 p.

Daniel, C.C.,IIL, and Payne, R.A., 1990, Hydrogeologic unit
map of the Piedmont and Blue Ridge Provinces of
North Carolina: U.S. Geological Survey Water-
Resources Investigations Report 90-4035, | sheet,
scale 1:500,000.

Evett, J.B.. 1994, Effects of urbanization and land-use
changes on low stream flow: Raleigh, N.C.. The
University of North Carolina Water Resources
Research Institute, Report No. 284, 146 p.

Fenneman, N.M., 1938, Physiography of Eastern United
States: New York, McGraw-Hill, 714 p.

Giese, G.L., and Mason, R.R., Jr,, 1993, Low-flow
characteristics of streams in North Carolina: U.S.
Geological Water-Supply Paper 2403, 29 p.

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

Hale, T.W., Hopkins, E.H., and Carter, R.E., 1989,

Effects of the 1988 drought on streamflow in
Alabama, Georgia, North Carolina, South Carolina,
Tennessee, and Virginia: U.S. Geological Survey
Water-Resources Investigations Report 89—4212.
102 p.

Hayes, D.C., 1991, Low-flow characteristics of streams in
Virginia: U.S. Geological Survey Water-Supply Paper
2374, 69 p.

Kopec, R.J., and Clay, J.W., 1975, Climate and air quality, in
Clay, JW., Orr, D.M.. Ir., and Stuart, A.W., eds., North
Carolina atlas, portrait of a changing Southern State:
Chapel Hill, University of North Carolina Press,
p-92-111.

Langbein, W.B., and Iseri, K.T.. 1960, General introduction
and hydrologic definitions: U.S. Geological Survey
Water-Supply Paper 1541-A. 29 p.

Lee, W.D., 1955, The soils of North Carolina. their
formation, identification, and use: North Carolina
Agricultural Experiment Station Technical Bulletin No.
115,187 p.

Musgrave, G.W., 1955, How much of the rain enters the soil?
in Water, the yearbook of agriculture, 1955: U.S.
Department of Agriculture, p. 151-159.

Musgrave, G.W., and Holtan, H.N., 1964, Infiltration, in
Te Chow, Ven, ed., Handbook of applied hydrology—A
compendium of water-resources technology: New York.
McGraw-Hill, Section 12, p. 12-26.

National Oceanic and Atmospheric Administration. 1992,
Climatological data annual summary, North Carolina:
National Oceanic and Atmospheric Administration,
issued annually.

Nelms, D.L.. Harlow, G.E., Jr.. and Hayes, D.C.. 1995, Base-
flow characteristics of streams in the Valley and Ridge.
Blue Ridge, and Piedmont physiographic provinces of
North Carolina: U.S. Geological Survey Open-File
Report 95-298. 52 p.

20 Low-Flow Characteristics and Profiles for the Deep River in the Cape Fear River Basin, North Carolina



North Carolina Department of Environment, Health, and
Natural Resources, 1992, North Carolina lake
assessment report: Division of Environmental
Management, Water Quality Section, Report 92-02,
353 p.

1996, Cape Fear River basinwide water quality
management plan: Division of Water Quality, Water
Quality Section, October 1996.

North Carolina Department of Natural Resources and
Community Development, 1985, Geologic map of
North Carolina: 1 sheet, scale 1:500,000.

Outlaw, G.S., and Weaver, J.D.. 1996, Flow duration and low
flows of Tennessee streams through 1992: U.S.
Geological Survey Water-Resources Investigations
Report 951293, 245 p.

Riggs, H.C., 1968, Frequency curves: U.S. Geological
Survey Techniques of Water-Resources Investigations,
book 4, chap. A2, 15 p.

1972, Low-tflow investigations: U.S. Geological

Survey Techniques of Water-Resources Investigations,

book 4, chap. BI, 15 p.

1973, Regional analyses of streamflow
characteristics: U.S. Geological Survey Techniques
of Water-Resources Investigations, book 4, chap. B3,
15 p.

Seaber, PR., Kapinos, F.P., and Knapp, G.L., 1987,
Hydrologic unit maps: U.S. Geological Survey Water-
Supply Paper 2294, 63 p.

Stedinger, J.R.. and Thomas, W.O., Jr., 1985, Low-tlow
frequency estimation using base-flow measurements:
U.S. Geological Survey Open-File Report 85-95. 22 p.

Stuckey, J.L., 1965, North Carolina, its geology and mineral
resources: Raleigh, North Carolina Department of
Conservation and Development, 550 p.

Stuckey. J.L., and Conrad, S.G., 1958, Explanatory text for
geologic map of North Carolina: Raleigh, North
Carolina Department of Conservation and
Development. 46 p.

Tant, PL., Byrd, H.J., and Horton, R.E., 1974, General soil
map ot North Carolina: U.S. Department of Agriculture,
Soil Conservation Service, | sheet, scale 1:1,000,000.

Telis, P.A., 1991, Low-flow and flow-duration characteristics
of Mississippi streams: U.S. Geological Survey Water-
Resources Investigations Report 904087, 214 p.

1992, Techniques for estimating 7-day, 10-year low-
flow characteristics for ungaged sites on streams in
Mississippi: U.S. Geological Survey Water-Resources
Investigations Report 91—4130, 143 p.

Terziotti, Silvia, Schrader, T.P., and Treece, M.W., Ir., 1994,
Estimated water use, by county, in North Carolina,
1990: U.S. Geological Survey Open-File Report
94-522. 102 p.

U.S. Department of Agriculture, 1915, Soil survey of
Randolph County, North Carolina: Bureau of Soils,

34 p.

1922, Soil survey of Moore County, North Carolina:
Bureau of Soils, 44 p.

1937, Soil survey of Chatham County, North
Carolina: Bureau of Chemistry and Soils, 48 p.

1975, Upper Cape Fear River Basin (North Carolina)
Report: Interim type IV joint study: Soil Conservation
Service. Economic Research Service, and Forest
Service.

U.S. Geological Survey, 1961-95, Water resources data for
North Carolina: U.S. Geological Survey Water-Data
Report, published annually.

1974, Hydrologic unit map, State of North Carolina:
1 sheet, scale 1:500,000.

Weaver, J.C.. 1996, Low-flow characteristics and profiles for
selected streams in the Roanoke River Basin, North
Carolina, U.S. Geological Survey Water-Resources
Investigations Report 964154, 56 p.

Yonts, W.L., 1972, Low-tflow measurements of North
Carolina streams: Raleigh, North Carolina Department
of Water and Air Resources, 236 p.

Yonts, W.L., Giese, G.L., and Hubbard, E.F., 1973,
Evaporation from Lake Michie, North Carolina,
1961-71: U.S. Geological Survey Water-Resources
Investigations 38-73, 27 p.

Zalants, M.G., 1991, Low-tlow frequency and tlow duration
of selected South Carolina streams through 1987: U.S.
Geological Survey Water-Resources Investigations
Report 914170, 87 p.

Zembrzuski, T.J., Jr., Hill, C.L., Weaver, J.C., Coble, R W.,
and Gunter, H.C., 1991, North Carolina floods and
droughts, in National Water Summary 1988-
89—Hydrologic events and tloods and droughts: U.S.
Geological Survey Water-Supply Paper 2375,

p. 425434,

Selected References 21



IoATY

0 € SL-vL6T'TL6T T  Teddoaded 6L  seguuiod YSIH  pOIIMD  ,G0.SSo6L . TTBS.SE  UMOISIUref Jesu QS mo[Rq Iaary d93d  $TE660T0 Pl
JOATY
0 1 €861 T Tagaded ppL  Iseg WO YSIH  PIOJIMD  GESSHL  WFH8S.SE umolsauref Jeau 1aAry dos  S¥T660T0 €1
I §T 6961°L9:0961 '$S61 T IAngdodT §LL eF od YBIH  PIONIND  LLESS6L JBBS.SE Jfep3eQ ¥ Uny [ing 066020 ZI
JaALY
0 [y PL-EL6T 1461 T redjaden 999 yseg IO YBHH  PIOJIMD L IRSS.6L  LOFBS.SE.  UMOISSUIR] 120U ZOCT JS 1 asany dox(l . €6166070 11
JOATY
dasqg
I 38 SL-vL61'9961 'T961 T  SHodIsed 1TT pIOJIND  PIOJIMD 91,966  48TT0.9E 1oA1y doaqg Fesu youerg SUoT 0066070 01
BU B y661 TRIN-8T6L AIRf | ARy daaq g PIJING  PICHIND  9h9Sa6L  WST.T069E 1010 YBIH Teou 3aany doact Y104 38 00066020 . 6
0 ¥ 9961 ‘7961 ‘6§61 T Iaarydesd 16°€ pIOJMD  PIOHIMD  ,8TLS6L  W0SH0.9E dryspuair] reau 1any doa 0 156 £€886070 8
0 £z 690961 ¢ .
BU B 8661 Wog-gzelaunr | mARdeag  ¢CE PIOJURD  PIONIMD  Th8Se6L  «ST.00.9¢ Jutod 4S1H Teau raany daoq Jod 159M  00$86070 . L
IOALY
daag Juod YS1H
0 T 9961 'SS61 T  YIOJISOM 8FT SIIASISWISY  PIOJIND  ,$0,00,08  .0000.9€ TedU ¢ 'ON A¥einqu) Ay doaqg HOJ IS9M  89¥86070 9
TOATY
daag
0 € 9961 ‘SS61 T HOJISOM 60F SASIOWIDY  PIOJIMD 60,0008  .0$.00.9€ 19ARY daa( Tesu youerg Wel  LEV8600 S
ALY
doaq diyspuairg
0 z 9961 ‘SS61 T MOJIS9M S6'L SMASIDUIDY  PIOJIIND 60,0008  L0ET0.9E Teou ATeInqu) Ang dooq o 9M  YLES60T0 b
0 ¥ 9961 7961 *s561 T Jaargdeeq  §'Ii S[ASOWIRY  PIONIND L GLIO08  LFTE0.9E  diyspuoug seou 1oAny dooq YIOZOM CHESE0Z0 €
J[[IASIDUIDY]
0 12 SLpL6T T 1Ay desg el SIASIDUIDY  UMKSIO  L£6£.70.08 L10S0.9€  TBdU TO9T WS ¥ 1aary dodQ H104 I9M  09¥1€86020 T
Xejjo)) Ieau
0 1 661 T 1Ay daag 81T JASIWIY  PIOJIMD  ,STI008  WS1.S0.9E Arengun 1oary daa( Hiod 19M  TIEB60T0 |
mojy
ez "M o (1w) aweu sjoqunuiepio 2
——— z =
sons PJO991 jo poliad % e Sose P — Aunoy spmyfuo  spmpen aweu uojRls weensUMOp o m.
P. ._oow._._.u_. 1ed z ebeuieig oiydeibodo) SHSN = 2
SjuawRINSeaw .O
Jo JaquinN

[opew a1om SjuSWAINSEIW 2FIRYISIP YoTym
ur s1eak 191eM s1 umoys (g 2dA) 2lis) sayis prodar-rerired 103 p10221 Jo pousad is1eak pue syjuowr ur umoys (| 2dA) aj1s) suonels Jurded piodaI-SnNONUNUOD Y0J PIOIT JO POLIR] + 21qe) ul pajuasaid
2IB SONSLIAORIRYD MO[-MO] YDIYM JOJ S2JIS 950U} 2JedIpul ABIS UT papeys SIS "PauIlLIa)ap JOU Pu ‘[fejino juanyja a8emas ‘QHS ‘2[qeoridde jou ‘e/u ‘peos Arepuodas “y§ ‘saqiu arenbs .N:E

pa109]|00 a19Mm
MOJJWIBBI)S JO SP10J31 B18UM Bale Apnis ulseg Janly daag ay) Ui sayis prodas-ented pue suonels Buibeb piodas-snonunuos jo Arewwng  °g ajqel

22 Low-Flow Characteristics and Profiles for the Deep River in the Cape Fear River Basin, North Carolina



0 € vL6T T @A ddd €58 iseq Juiod yS1H  ydjopuey W8ESC6L  LSS.ESLSE S[ePYDIV 18 916 WS Je Noa1D APy S1866020 (Y4
TArY
Bu $661 1dog-8761 WG 1 wegeded  ¢Tr esoipyueseald ydjopuey  L01,1S.6L  WTILS.SE uvwiojpuey Feou 1Ay das 00566070 8T
uapren
0 i 9961 ¢ Ay deaq 117 juesed]ld  proj[inDh WIGISe6L  WLTSS.SE uewR[pURY Teau Areingiy 1ary dsod  96v66020 LT
uapren
I 9 9261 ‘7961 'sS61 T margdsag 10z jueses]d  plojInD WChTSe6L  4T0.9S.SE UMOISWOO0IN) Te3u Y1) KIOYITH  S6¥66070 9C
¥oar) uopren)
0 1 9961 ¢ ST o1 ¢ 8 jueseda]d  pIojInD W00.TS6L  .0095.5€ dlepe(Q) T83U 31D SYIIPPIY 6166070 ST
Ya21)
0 1 9961 ¢ A10¥91H 898 iseg Juiod ySty  pIoy[ing W60.€866L W TT.LSSE UMOISWO0IN) JeaU Y331 SYIIPPAY  £6+66070 14
0 01 SL-EL61°TL61 T Ay dsad 06p IS8 MIOI YSIH  PIIEND - 965,64 - .0Ti6SsSE UMOISUIRT JuaU JIaI)) SYOpPaY  T6966070 €T
0 8 SL-EL6TTIL6T T 10argdoad ,9¢ pioj[iny  projnn WC0.ESo6L  L6£00,9€  PIPYSSPIS 18 TLET WS I8 Y31 SYOIPPAY  SST6¥66020 TT
SL-vL61 ‘0L-6961 uapren
1 81 ‘L9-y961 ‘7961 ‘6S61 T oA d3d 096 juesSeold - PIOHIND  B0.So6L - uE0.LSoSE utod YSty Jeau ¥oa1) AIGPIH  06$66070 1z
Yoa1) uapren UMO0)aUO0010)
T 9 VL-€L6T'IL6T T KIOYIH €1 jueses]ld  ploj[inn W67.0So6L  LW0S.LSSE  TeSUTEIT YS I Areingui Yaa1D KIONOIH 0668566070 0T
Yoo1) uapren UMOJaWO0I)
€ € SLvlel € Kioyoiy qPU juesed[d  pIoj(InD W0 TSo6L  W0£.65.5€ 1 6TIT US 1 ATeIngu Yaa1D) AIOYIH 0868766070 61
JOATY
0 9 SL-€L6T'TL6T T  Ieagaded o6 Iseq uiod yS1H  pIoJinD WITESHL  W91.9S.5¢€ umoIsauIef Jeau 671 | YS 1 1Ay o3 56866070 81
0 129 S6-8L61 '0L-€L61 '1L61 T argdesq 79[ iseq Julod YSty  pIo[ing W80.¥Se6L  .9T9S.SE UMOISUO0ID) Je3U Y3317 PUe[YORY 8766070 Ll
£L6T ‘1461 ‘9961
0 12 ‘2961 ‘09-8S61 °9S-vs61 - ¢ teanydosd ¢TI weg iod Y81 proymo WO6.68.6L  WBTLISLSE S[EPYITY JeIU JIOI) PUBTYOLY  081660C0 9
JATY UMOolSIEf
0 9 SLviel T o ageded LLL seg IOd YStH  projpng WSTHSBL  WTELS.SE  Teau UOISUAXD ALY WAATY T8 19aRy daal- 66€660T0 ST
MU ong
oz 102384 JO POLId o AN_EV suieu Auno apn)ubuo apn)! auwleu uole: 4aqunu Japio A....\.v
sous P jo pored m... Areinquiy ‘eale 9j6ueipenb uneg PMibuoT PMmge] w onels weajsumop = m.
pioss h._.m_. ted 2 abeuiesg oydesbodoy sHsn e
10} B sOsN - u
sjuswiaINseaw °
1O JaquinN

[opeuwr a15m sjuGWAINSEAUW SZICYISIP YITYM

ur sreak 1ajem st umoys (g 2dK) 231s) sa3is prodar-Tented 1oy p1ooal Jo pouad :s1eak pue syjuow ur umoys (| 2d£) a)is) suonels Surded prodar-snonunuod 10j PI0J31 JO PolIdd “f J[qel ul pajuasaxd
aIe SONSUSIIEIRYD MOY-MO] YITYM 10J SIS 350U ALIIPUT ABIZ UF PAPEYS SANS "PAUIULIAISP JOU ‘PU {[[EfIN0 Juanjjja a8emas ‘OFS -olqedtfdde Jou ‘e/u :peox £1epuodas Y ‘sajiw arnbs * 1]

PaNUIILOD—Paloa||00 S1aM

MOJJWESIIS JO SPI0D3I diaym Base Apnis uiseg tanly dea@ ay} ui salis piooal-jeilied pue suonels buibeb piooai-snonuijuod jo Alewwing  °g ajgqel

23

Summary of Gaging Stations and Partial-Record Sites



3y

0 L 9L61 'vL-EL6Y ‘1L6T T Tea,f ade)y 9¢¢T uews[puey  ydjopuey wLEOV6L  L608Y.SE sraypop e 19ang dosq  61T0O0IT0 144
Y221D)
0 € 7961 '0961 T jedod 9T uewrdajpuey  ydjopuey W0T9P.6L  LOV.8Y6SE uBtIa[puey Ieau Arenqu Y31 JeIS[0d 602001 20 1574
¥oa1)
I 4 9961 ‘7961 T eIod TS uews[puey ydjopuey W0S.SF6L  WS1.0S.SE  WAES Iedu 7 "ON Areinqun 221D 1edsjod  L6100120 ka4
¥o21D)
I 4 9961 ‘7961 T 1L I0d 178 uewdppuey ydjopuey WP IVe6L  WSTIS.SE  WIAJES Tedu ¢ "ON Areinqui Y231 1ead[od  ¥6100120 474
Yaa1D)
1 14 9961 'T961 ‘SS61 T jR0d 911 uewdppuey  ydjopuey WLTSPo6L  W81.0S.SE UBLUDIpUEY TedU Y331D) 1ed3]0d 2T £6100120 ot
0 I 9961 T ARy dedg  6'1¢ uewdppuey  ydjopuey W609Y.6L  LLETS.SE SSOID) [9A9T JBAU 23D Jeddlod (3100120 6t
0461 uapIesy
I 81 ‘9961 ‘€9-2961 '6S-vS6l ¢ Ioargdesa 162 jueseald  ydjopuey L19PbL  WSTESLSE XBULED 163U X220 104 08100120 8¢
uapIen
0 € 9961 '7961 T ARy deag 96l juesea]d  plojmH WlbiLYob6L  W0TSSSE UspIe) Jueseald Ieau j32I1) 1ed9[0d TLI00TTO LE
Yoa1) uapren uapIen JUEsea|q
C 14 SLvL6T T jed910d qPY juesed]d  piojimo WFS9Pe6L  WL1.8S.SE ® £EPE YS e Arenqin Y2a1D 1®210d  S9TLIO0TI0 9€
uapren uapren
0 S SLvL6l T Ieargdesq gL jueses]ld  piojimoH WEV8Yo6L  WTILSoSE Juesea|d Iesu THE YS I8 JID 1eI9[0d  SSTLIOOITO S€
I2ATY wewappuey
0 s YL-€L6Y “1L61 T Teag ade) LLY wewappuey  ydjopuey WwCL8VebL WFTEVSE e 07T AemyBiy S e AR dosd 96000120 ve
I € SL6TTL6T T 1Ay deag 180 uewalpuey ydjopuey  016V.6L .S00S.SE  UBWB|puey Tesu / Areynquy mwary dea@ 78000170 €€
1 € T961'sS6T T Iarydeag 9 uewappuey  ydopury W0008.6L  .S8.0S.S¢ uewR[puey Teau Y3210 APPNAL 95000120 [43
321D
T 14 7961 'Ss61 T AppnIAL G8'T uewppuey ydjopuey WOTIS6L  WST.IS.SE uewis|puey Ieau youerd qog 37000120 §3
0 14 €9-7961 T
E/u B/u 61 ue[-peal ABIN | 1eargdesg 691 yseq Juiod ysiy  ydjopuey WEVTS6L  WSETSLSE S[epyory Teau Yaar) APPuAl 00000120 0¢
moj}
mojy
F 10234 JO POWIS, a (gw) oweu Awuno ny6uo apnine aweu uone! 4aquunu Japio mv
sous P jo polied % Keynquy ‘eale a|buespenb unoy spmibua PMET nels weansumop = m.
u._oow._._.u__ Jed = abeujesg owdesbodoy sSHsn e
10} B sHsSN ~ u
SjusWaINses o
JO JoquInN

[opew 219M SIUDWIAINSEIUI IZIBYISIP YIIYm
ur s1eak 19)BM ST UMOYs (g adA) 2)is) sans piodar-ented Joj piodal Jo porrad ts1eak pue syjyuowr ut umoys (| adA) )is) suorje)s wide3d piosas-snonunuod J0J PIOIAI JO PO ‘{7 [qe) ul pajuasard
are SONSLIAIEIRYD MOY-AO] YOTM J0J SIS 350U} dIedpul ALIZ UL PaPEYS SI)IS "PAUNLIAIAP JOU *PU [[EINO Juanfys ademas ‘OFS ‘alqedridde 10U “t/u :peol AT1epuodas Y ‘sajur axenbs *.ru]

pPanuUIUOD—P8]08)|00 a1aMm
MOJJWERI}S JO SPI0dal alaym eale Apnis uiseg Jany dea ayj ui says piooas-esiied pue suoijels Buibeb piooai-snonuiuod jo Alewwng  °g ajqel

24 Low-Flow Characteristics and Profiles for the Deep River in the Cape Fear River Basin, North Carolina



1 € 79615561 T oAy dead $96 moswey ydopued  FT8E6L W ITEPLSE Inosurey Jesu Y1) pady  9£500120 19
, TOATY
L/C L S661 WAS-ZTET AON I Ieagade) 6pe mosurey YdIOpUBY . 0T6E.6L  LFEEYSE aneswey e s2ary doa QOSO0IZO 09
0 v 9961 ‘T961 ‘0961 ‘bS61 T 1Ay desd  T'SS fedey) sherny  ydjopuey  ,76.6€.6L  .0ELIVSE Ineswey Jeau Yoar) Apues 69v00120 6§
0 4 9961 ‘7961 T eo1D Apues /08 fedeyD shery  ydiopuey  ,00.6€.6L  WILLP.SE  13dRUD SOMYM T8 231D JUeSEI[d OO P9001Z0 85
0 - 9961°C961 T margdeag TSy 1odey) sferny  ydjopued  LLS.6€.6L W LOLPSE [edeyD sanym feau yoar) Apues €9100120 LS
UOIYOUBTIA
0 L 0L6T ‘9961 ‘€S61 T Moo1D Apues ¢p's Apaqry ydiopued  ,65.9€.6L  LES.1SoSE Teau g "ON Areinqui jaar) Apues gep001c0 9
0 6 OL6T '$S-€S61 T Noa1D Apues +6'0 Auoqry  ydiopued L €€.S€.6L W LT.ISoSE Auaqry e ¢ 'ON Arenquy yoar) Apues 61400120  SS
0 € €661 T oorD Apues [[°¢ fedeyD skerny  ydopued L LPiLE.6L  WLTISSE Ay1aqr resu Areinquy yoar) Apues L0¥00120  ¥S
IATY
0 € vL€L61 T megaded LT moswey ydopuey L L0TH.6L W EEPP.SE o[pIaurpueld Je 1oATY doad  69€00120 €S
0 € 7961'sS61 T Ay deag  TEl fedeyp skern  ydjopue  61.E0o6L  LOLSPoSE S[Ied Fepa) Feau Y1) ysng  LSEO0ITO TS
AN :
0 S SLpLEL 1L61 T | Tagode) 9og dey) sAe1y  ydjopuey  9G.Eh.6L W PDISFLSE sjled repa)) e 3aary doaT vHE0OICO IS
¥oa1)
0 I 9961 ¢ spPUqeD  16°0 oroqaysy ydjopuey  ,0b9b.6L LTTEPLSE  0IOGRYSY Ieau AIengu 3eaI) S[oUqeD EE00IT0 0
RETNSE
0 I vL6l T mageded  pse uewopuey  ydiopuey . 0TIV.6L  uSPSP.SE Sifed [enuR) Je soary dead 61€00120 6F
0 S YL-EL61 ‘1L61°9961 T Iearddsad 901 uewsppuey  ydijopuey . Sh9¥.6L  .S0.9P.SE S[[e [enua) Je Y1) sHAYseH  L0€00170 8%
010qaysy Jeau
0 L SLEL61°1L61 T IeARddead 986 uewa[puey YdopuBRY  SELP.6L LEESPLSE  YOURIY PoOMUS] MO[3q Yoa1D) SNAXSEH +6T00IT0 Lt
3001
0 I 9961 ¢ SpOYSEH 76T oroqaysy ydjopuey 60, Vo6l L TLYPoSE 0I0QaYSYy Teau Youelg poomuad 9Z001T0  9F
010qaYysy Jeau
0 € vs6l T Ieargdeod 79§ oroqaysy  Yd[opuey  \ShiPo6L  JSTSHSE  UOuBIg POOMUS] SA0QE YIID SHONSEH $bT00IZ0 St
oy MoHd o
h [} (zrw) aweu laquinu J9pio =
o p10231 jo poliad m'v. Asemnauy Sose sibueipenb Auno) apnjibuo apniie Jweu uojels weasumop s m.
piooai-jenied z ebeujesg  oydeibodoy SHSN T a
104 3 sosNn -z
SjuswiaINsEaw °
J0 1oquinN

[opew a1am S)USUILINSEAW IFIRYISIP YoTym
ur $1eak 191EM ST umoys (z adA1 auis) sanis prodai-ented 1oy p1odar jo pouad ‘s1eak pue syjuoul ur umoys (] 2d£) aus) suorieys Suided p10oar-snonuruod 10 PI0I3A JO poreg " A[qed ul pajuasaid
3 SONSHIIIRIBYD MOY-MO YOIYM J0J SIS 350} 91821pU ALIS Ul PapEYS SANIS "PAUIULIGIop 10U U S[[EJIN0 1UanYo agemas ‘OFS ‘9[qeoridde 10u e/ |peor A1epuodas *y§ ‘sojiur arenbs * fui]

panuiRuUoD—pPala}j0o 81em
Mopwealls Jo splodal a1aym eale Apnis uiseg Jealy des ay) ul sa)is piodai-jeiied pue suonels Builbeb piodsal-snonuiuod jo Arewwng g ajqel

25

Summary of Gaging Stations and Partial-Record Sites



0 € 7961 ‘0961 T ¥eR1D jlod TO'L pag  ydopued  8LIVe6L  WEVELLSE 10909 Jeau ¥o31D uospreydry 100120 6L
0 T 9961 ‘€9-7961 ‘09-vs61 T AN IRA  ¥L9 wouuog  ydiopuey  L008€.6L  .50.9£.SE 98puojo) Jedu Naar ysnig 010010 8L
Y2210 agpusio)d
I 1 961 T usagomny OC'l ofpuejo) ydjopuey  pEEE6L  LPOBELSE JTedu Arejnqun YoorD) ysnag ST 90L00170  LL
0 ¥ 9961 'T961 ‘0961 T NoarDysmug ['LT o3puojo)  ydiopuey  ,9TEE6L  WOS.LELSE 93pLISj0D Jesu ¥oo1D) ysnig dMIT v0L00ITO0 9L
0 1 7961 T 1Ay ddq  g6¢ Bpuojo)  ydiopued L 9EPE6L  W6TBELSE 93pIIR[0D 1e YOI ysnid  €0L001T0  SL
1 € 9961 T961 T YPIDusMIg 65, oBpue[o)  wreyleyd  PLTE6L  LSTIPSE AND 191 Teau yoa1) unipoold TOLO0ITO VL
£ 13118
0 ¥ SL-vL61 T YeRrD uysmug 11 A eng  weyeyd  016T6L  LOEbP.SE Teou 8011 YS e youD uny poold S$910L001T0 €L
SpPROISSOI)) AnD 1911
0 S SL-vL61 T ¥eerDysmg g1Q ployya)  wemeyd  ,0S8T.6L  wSOSP.SE Jeau IZy 'S'(1 Je Yoo uny poold  STIOLOOITO TL
0 ¥ 99617961 ‘0961 T ARy deed 161 ABpUS[O)  WEBYEYD L LTIEHL  wTEIFOSE A1D 101§ Teou Yoar) ysnig  $6900120 1L
0 14 7961 ‘0961 ‘#S61 ¢ oAy doad  7'S9 nouudg ydopuey  01.LE.6L  WOE9E.SE 33pudjo) Teau o1 puelyIrd 4900170  OL
¥921D
0 € 9961 ‘T961 T pueyorRy  §01 worg  ydiopued  LTOF.6L  W6£.SELSE 93pus|0) Jedu Yoa1) Jofpyded  $9900170 69
9961 ‘7961 R
0 iz ‘0961 “LS61 'SS-6v61 ¢ oAy oo §'9¢ mosarey  ydjopuey DS TPebL  WTTBESE OICQAYSY JuaH J30IT) pUelyony - 09900120 89
¥921)
0 4 9961 ‘7961 T pueydry +I°L moswrey ydjopuey  ,00#t.6L  .00.6£05€ PISYYDIA Jedu Y1) [ouinbg  6£900120 L9
yoR1)
1 T 9961 '7961 T PUBIYOTY SEE mosurey  ydjopued  ,£0Fo6L  WBP.LELSE PISYUDIA Jedu Joo1D) wiwed  8€900170 99
0 z 9961 ‘7961 T oAy deaa  T'€T mosurey ydjopuey  ,00.5¥.6L  .00.6€0SE yegn Jeau Y1) puepyory  LL9€900170 S9
IATY
0 6 OL-EL6LTL6T T  Teagaded  zeE mosurey ydjopuey  L6ELE.6L  LOTOPLSE SPROISSOI) S3red Jeou JoARy daadd 66500120 9
I € 7961 ‘ss61 T eangdesa 101 mosurey ydjopuey  ,008€.6L  L00.I70SE Inasurey Jeau Yoo1D) QUOSIIIA  TLS00IT0 €9
0 € 7961 ‘SS61 T margdead  §91 mosurey ydopuey  ,008£06L  .00,1F.S€E Imasurey 1edu ¥oa1) AL #SS00120 9
Mmoj}
Mo|4
-019Z [72])
piodsijopouesd @ > ) e fwnod  epmybuot  spmneT sweu uonels fequinu Ispio =
sous k H Aseinqui ‘gale a|bueipenb * * ’ weaysumop = m.
P Boo.....m_tun P obeutesg oiydesbodoy sHSN N 2
10} Q sosn e
sjuawinseaut o
Jo JaquinN

[opeur 919 SJUSWIAINSEIUI 9FIRYISIP YOIYM

ur s1eaf 19)eM ST umoys (g 9dA) 911s) sayis prosar-fered 1oy p1odar jo pourad ‘sreaf pue syjuour ur umoys (] 2d4) ans) suone)s SuiSes plodar-snonunuod Joj piodal Jo poudd ‘f 9jqel ui pajussaid
SIT SINSLISIIEIEYD MOY-MO] YIIYM J0] SIS 350U} SIEIpul AB13 Ul PAEYS SIS "PIUTULISIOP 10U *PU {[[EfIn0 JUSNYJD 3Femas ‘OdS 9Iqeoridde 10u 'e/u (peol ATepuodds s sofiu arenbs ;]

PaNURUOD—P8}I8|j0d B19M

MOjjuean)s JO SpJodal a1sym eale Apnis uiseg Jealy deaq au) ul salis piodas-jelied pue suoljeis Buibeb piodsi-snonuiuod jo Alewwng g ajqel

26 Low-Flow Characteristics and Profiles for the Deep River in the Cape Fear River Basin, North Carolina



0 8¢ S6-S861 ‘vL-€L61 T  1oang doaQ 6¢1 SUIqQoY QI00N  ,0TSEOL  W9TIToSE SUIGqoy 18 SOL DN 18 YR1p redg 10010120 007
B B 1£61 3de8-6£61 ‘WO, T I9ary 4o LET SUIGqoy QIOOIN  L6ESEHL WE09TLEE SUIGGOY 18 YD Jead - Q00I01T0.  © 66
0 £ 7961 ‘¥S61 T YPID I (8L SuIqqoy Q100 ,00.LEo6L  .00.SToSE SUIqQoYy Jedu UL IA0QE Y1) uIqe)  6£600170 86
4 14 8961 9961 7961 ¢ NRUD UIGE) 696 saldg QI00N FELEGOL  WOS.EToSE erydiope|iyd 15opM Fedu Y1) L1 67600120 L6
0 4 8961 ‘9961 ‘7961 T NPIDUIGe) 661 soidg Q100N 8TOEOL  uWSTETLSE SUIQQOY Tedu Y1) M 17600120 96
0 14 8961 "9961 ‘7961 T NRIDUIgR)  L'G] saldg QOO 6€.0Vo6L  WLT.ETLSE sa1dg Jeau Yo3uD [N 11600120 S6
0 T 961 T YLuDpmag  THC saudg QI00N  ILTPo6L  WLPEToSE J9A0(] Tedu YaaID ulqed  7.800170 16
€ 8 SLPLOT "TL-TL6T T ™D YOIT 8E'( 200s1g  AIQWOSWON ,87.Ste6l  w8E.T1ToSE 905s1g 18 JRID [INA 79800120 £6
1 9 SL-vL6T TL6T T FRIDUIqeD 760 Ko1l, A1owOBOW ,SG.S.6L  WSLETLSE Telg Tedu 691 JS I8 Y321 uonon 65800120 6
0 S PLOT TL-IL6T T  AIxID Iedqg 96 jopue) AIOWOSWOW ETHYo6L  wIP8ToSE Jopuep) Teau Ja9I) UIqe)  £+800120 16
0 L SLYL61'IL6T T Y3xIDIedg ¢ lopue) AWOZON ,[Thyo6L L LESTLSE Jopue) 18 QFS M0[3q }2a1D Wqed  ZH8001¢70 06
0 i €L61 1L61°SS-¥S61 T ‘Ieargdosd 9y soidg IO LPBE6L  WB59ToSE soudg ;eouyoor) Iwdg YTR00IT0 68
[4 [4 7961 T FRxuDImdg i1 saidg SI00N  .6t.0Vo6L  WLEITSE $a1dg Tesu Y931D Jom 81800120 88
0 € 9961 ‘7961 T 1A dRg L8 saidg Q100N 7COPo6L  WCTLLToSE 13A0(J Tedu Jaa1D) reag 90800170 L8
i € 9961 ‘PS61 T 1A d33d €570 aA0I13eag ydiopuey ,phSto6L  WEEIE.SE 10uky M Tedu Areynqrn oa1) redq  [8L00120 98
0 14 €L61TL6T T 10Arg doad L0 0JOQYSY ydiopuey . 8F.Sto6L  WSPIELSE 9A0I3e3G TBU 6587 YS & NID T TLLOOTTO S8
anr0i1dess 18
0 S PL-EL6T TL6T T 1ard doad €90 0I0QaYsy ydiopuey  HS.SHo6L  uSS.I€0SE SOL ON 18 YR1) 1e3g  [LLOOTZ0 78
4 L SL-€L611L61 T 1Ay doad $6°0 010qaYsy ydiopuey  609vo6L  .LS.1€cSE 9401338 18 OFS SA0qe Y1) g 6900120 £8
Jany : ,
0 6 LLPL610L6T T s ode)y 19 Bouuay OO ESPE6L  WTOOELSE  SUIGQOY 1edl {IN Spremoy 18 yoary doeql LHLOGTZ0 T8
0 0 9961 ‘€9-vS61 T  1eARd dOxT: §78€ warg - qdopuRy | 1€8E.6L  L8ETE.SE IBPUBIOD) LU YIAUD WO 0£LOOIZO - 18
1 4 9961 ‘¥S61 T 1Ay dosd 6T 11y ydjopuey  6€.8606L  LLEIESE 98pua]oD) Teau N1 Apasy  61L00120 08
Moy} Moy
"otz p1093a1 jo polad 7] o AN_EV aweu fAunoy apnubuon apnien aweu uonels faquinu 15p.o m
sos ! = Kseynqup ‘eale ajbuespenb * : : Weensumop = =
piooai-jerued z oabeuiesg oydesbodoy sHsn e
10} 3 sosn - X
SjuUsWIAINSEI o
jo Bquiny

[opew arom Sjuswramseaur 951eYdSIp YITYm

Ul STeaK Jo1eMm ST Umoys (7 2dA1 ois) sanis prodar-Tered 0§ prodax Jo poudd ‘s1eak pue syyuowr ur umoys (] 2d£1 211s) suorels Suided prod2I-SNONUNUOD JOJ PIOIAI JO PO ' |qel Ul pajudsard
oI SOUSLIAIOEILYD MOY-MO] YOIy IO SIS 350U 1edIPUT ABIS UT pIPEYS SIS "PIUILLISNP 10U *pu S[[eJIN0 JUSNYa 95emds ‘OFS :olqedndde Jou “e/u ‘peor Arepuodds “yf§ so[rur arenbs *, fui]

pPanuiluo)—pPalda|jod aiom

MOjuIRal]S JO SPIoDB) aleym eale Apnis uiseq Jeaiy dea( ey} ul salis plodai-feied pue suoiels Buibeb piodal-snonuijuod jo Alrewwng  “g ajqel

27

Summary of Gaging Stations and Partial-Record Sites



0 4t 1L-0L61 '89-€961 T g dadg  ¢'L6 twemng QMO0 LTTSTOL wT0.LTSE wemg Jeau yoarD) SUOPUITIN  06T10120 811

Yoo1)
S 9 IL61 '9961 '€9-7961 T SUOPUSTOIN  6+CT ureuyng Q100N W8S.ST6L  u85.5ToSE ureung Ieau y2217) puejyor] ¢8cioico L1
¥o21D)
€ £ 7961 ‘TS61 T SUOPUIIN  O'TI uremng JI00N +80.6T.6L  .6S5.TToSE adeyure) Jeau /7 DN Je 321D puelyord [/Z10120 911
0 € ¥S61 T Iangdeaq 879 ureuyng SI0ON W009%:6L  .00.¥T.SE UOSI[EH Teau Y3217) SUOPUITTIIN  6S88CI0IC0 STIL
¥oa1D)
0 € €L611L6T T SUOPUIIN 68 a3eque) Q100N WBLLTHL WILITSE adeyue)) Teau Y2210 SUAIIN  €8110120 148!
¥oa1D
€ L PL-€L61 "1L6T T SUOPUSTON SIT a3eyure) JI00N WE19To6L  LE00TLSE  dBeyue) Jesu opTl ¥S 1 91D SHAI  6L110120 1281
8961 ‘9961
£ < ‘TIGL ‘6561 VS6¥61 T IA AR Ovh aBeyure) 200 HELT6L  ETUTTSE sfeyue]) Jeou Y39L) SUOPUIOIN. 06010120 Zil
¥oa1D
1 € 8961 'T961 T SUOPUITIN 10'6 9A0I1D uolz 100N W6T0E6L  WL1.616SE suIey Jeau yoa1) redwng 819 /8010120 1
B/u B/U 8861 1dag - 9861 1y [ YearD) yong [970 2A01D) uotz SI0ON WLSEEHL  WL10TSE 3A0ID) UOTZ Feau Arejnqun ¥2210) Yons  (Sy8010120 011
I 14 8961 °9961 ‘7961 T Iaarddoad vl SAOI) Uo7 SI0ON WSETEHL  W8TBILSE SUIBH Teau Y2217 SUOPUOIN  #80101C0 601
I 1 9961 T IARdda»g ¢TT wewmng SI00N WLTSTHOL  WEV6T.SE uopualn) Je ¢ "ON Areynqu 1oaRy de2g 87010120 801
IoATY
'/u B/u $661 1dag-¢661 AInf 1 Tea ade) 658 urewng SI00N WSTSTHL  W0T6TLSE uopuaD e 19Ary dss 99010120 L01
[4 4 7961 ¢ Jeargdasq LTl uremng SI0ON WSOLTOL  WPS6TSE UOpUID) JeU QN9 YS ¥ ¥ SU0SAL 19010120 901
4 [41 1L-0L61 ‘89-$961 ‘7961 T argdeaq #1T Sugqoy 0O OBTE6L WFLBTSE TRUUOOIN 18 Y2210 oyng  SPO101C0 S0t
€ € 79616561 T 1eArddesg 9Tl Surqqoy SI00]A WI0TEHL  WIS6TSE s[req YSTH 1eau Y231 s[red  TH010120 1402
4 SI €L-1961 €61 T JIeAry doad g€ Jeuuey  weyleyn W9S.6T.6L  .0T.EELSE houuag Ieau Y1) sfred  0£0101C0 €01
I 1 9961 T Ieard dead 979 nauuag 100N JATTE6L  LILOESE  SIed YSIH Jesu ¢ oN Areynquy 1oany 4o 91010170 01
0 14 SLYL6Y ‘1L61 T  IoArg dasg vl sulqqoy Q100 WJS£SVE6L  W80.LToSE SuIqqoy Ieau QS Mo[aq Y1) reag  S00101¢0 101
Moj}
mojd4
.o._mN| 10081 7] o (gw) sweu Awno: apnubuo apnjije aweu uolje; 4equinu JspJo .ua
sous Pi0231 jo poliad % Keinqui ‘eale ajb6ueipenb uneg pmibua PmteT nes weansumop m.
Eouo._-_.m_twn 2 abeuesg olydeibodoy sosn o
1o} 3 sosn - u
sjuswainseaw o
jo JequinN

[opeur a10m SjuSUIDINSEIUT SFIBYDSIP YOTYM
ur s1eak J9Jem st umoys (g ad£) ayis) say1s prooar-fenred 10§ pioodal Jo porsad sredak pue syjuour ur umoys (1 2d4) ay1s) suonels urded p10dal-snonuiuod JoJ ool JO poudd -t d]qe) ur pajuasaid
3IT SOUSLIAIIEIEYD MOY-MO] YITYM J0J SIS ASOY) SJedTpur ABI3 Ul PIPEYS SIS "PAUULIAIIP 10U *Pu {[[EJINO Jusnyje 38emas ‘OFS 2qeoridde 1ou ‘e/u tpeos A1epu0das g 'sojiw arenbs * 1w

PeNUIU0N—Pa)08)|00 BIaM
MOJJWESIIS JO SPI0DB) B1ayM BaIe Apnis uiseq 1oy deaq eyl ui sals piodal-lened pue suonels Buibeb pioosi-snonuiuod jo Alewwng g ajqeL

28 Low-Flow Characteristics and Profiles for the Deep River in the Cape Fear River Basin, North Carolina
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