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PREFACE 


The research upon which this bulletin is based was a cooperative 
effort of the USDA Agricultural Research Service, the USDA Soil Con
servation Service, the U.S. Geological Survey, the North Carolina De
partment of Natural and Economic Resources, and the North Carolina 
Agricultural Experiment Station. The purpose of the research was to 
collect, analyze, and interpret hydrologic data in order to determine the 
hydrologic characteristics of Ahoskie Creek watershed in the Coastal 
Plain of North Carolina. 

Although the Agricultural Research Service had the primary respon
sibility for analyzing, summarizing, and publishing the data, the coop
erative agencies made important suggestions during all phases of the 
study and reviewed the findings of the project. The program, as complex 
as it was, could not have been accomplished by any single agency. ARS 
was not actively engaged in the collection of field data. 

The research team jointly developed a philosophy to make the presen
tation of data, analyses, and interpretations orderly and meaningful. The 
general philosophy is to provide users with a complete package including 
all phases and interrelations of the project. For the sake of brevity, de
tails of methodology are not presented. However, all methodologies are 
referenced to direct interested readers to sources containing necessary 
details. 

The bulletin is divided into six main sections. The "Introduction" 
describes the formulation of the project and outlines the study. "Water
shed Physical Characteristics" contains the information provided by one
time or survey-type (~ata. "Channel Characteristics" treats stability and 
conveyance. "Basic Data and Representativeness" describes the data 
available, data summaries in the appendix, and considerations of precipi
tation normalcy of record periods. "Data Summarization" gives the first 
level of information from the time-dependent data. "Analyses and Inter
pretations" includes information on hydrologic component interrelations 
and hydrologic and geohydrologic inferences. 

Because of the comprehensive nature of the report, a brief summation 
of the most significant findings is presented, rather than a full summary. 
Uilers are cautioned to exercise care in taking excerpts out of context, 
lest misuse and misinterpretations result. Developments and findings are 
appropriately referenced. 

The research team wants to provide the most practical information 
possible. Since any publication may be inadequate fol' specific needs, users 
needing supplemental information should contact the authors. 
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SIGNIFICANT .DEVELOPMENTS AND FINDINGS 
During the study, methods, tachniques, and mathematical models 

were developed to get as much information and as many inferences as 
possible from the data. These methods and models are significant in 
themselves because they were established as a means of factoring and 
expressing information in orderly steps. These technologies are important 
for application in other analyses in the future and are not limited to the 
Ahoskie Creek watershed study. 

The models are (1) the multiple-event model: the simultaneous analy
sis of up to seven storm hydrographs to optimize parameters of charac
teristic, retention, and routing functions that make up the storm model 
(sec. 6.2.2); (2) the 5-day water-yield model: the development of a 
seasonally cyclic storage function to express capacity of a watershed to 
retain rainfall or to partition precipitation into streamflow and not
streamflow (sec. 6.1.2) ; (3) the recession model: the development of a 
parametric model to analyze recessions of streamflow volume and ground
water elevation and to predict recessions (secs. 6.3.1 and 6.3.2) ; and (4) 
the stochastic rainfall model: the application of frequency-distribution 
fitting techniques to express stochastically the distribution of storm rain
fall in time (sec. 5.1.3). 

Several significant findings resulted from the Ahoskie Creek water
shed study. The quantitative results are of course unique to the Ahoskie 
Creek watershed, but inferences can be made concerning the possible 
hydrologic characteristics of other watersheds with similar treatment 
and climatic conditions. The study was not adequate to establish conclu
sively the effects of channelization on the hydrologic response of the 
Ahoskie Creek watershed. Rainfal! data before treatment were limited 
to daily amounts at one nearby gage; there were no ground-water ob
servations prior to treatment; and only one stream gaging station was 
operative before channelization. 

Ground water in the Yorktown aquifer was recharged to near ca
pacity each year with the channel system that now exists in the Ahoskie 
Creek watershed. Although some water drained from the aquifer during 
the growing season and maintained a beneficially low flow, the aquifer 
was recharged annually to near capacity during the dormant season (sees. 
5.3 and 5.4.3.2). 

The drainage characteristics of Ahoskie Creek have been changed 
by the constructed channel system. Prior to channelization, the largest 
contribution to streamflow occurred in the5-day period following a 5-day 
period of precipitation. After channelization, the largest contribution oc
curred in the same 5-day period as precipitation (sec. 6.1.2). 

Streamflow-duratien analyses show that the low flow from the full 
study area during the growing season was greater after channelization 
than before channelization. Successive months of record low precipitation 
after treatment did not result in any days without some streamflow at 
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the gaging station for the 57-square-mile watershed (W-A1). Before 
channelization, periods in excess of a month sometimes had no streamflow 
(sec. 5.4.2.1). 

Construction of channels may have altered the flow regime in the 
Yorktown aquifer. Watershed W-A1 sho\ved a seasonal reallocation of 
flows, most likely because of an increased available storage capacity dur
ing the recharging season and an increased supply to streamflow during 
the season of normally low flow (secs. 5.4.2.1 and 5.4.2.2). 

During the study, the water table in the Yorktown aquifer was not 
permanently lowered at an observation point approximately 2 miles from 
the nearest channel. Since this observation \vell is within the Ahoskie 
Creek drainage system, the channel system can have little effect on the 
Yorktown aquifer outside of the Ahoskie Creek Basin (sec. 5.3). 

Channel conveyance capacity at W-A1 increased for low stages and 
decreased at intermediate and high stages. Capacities at W-A2 and W-A3 
decreased at al1 stages, and the channel capacity at W-A4 remained rela
tively constant (sec. 3.2). 

Published streamflow data show that the average annual streamflow 
was' greater after channelization than before channelization. Average an
nual point rainfall at the E11iott Station was 48.31 inches before treat
ment, and average annual measured streamflow was 13.56 inches. After 
channelization, the average annual point rainfall was 45.58 inches, and 
streamflow was 15.38 inches. However, some conditicns should be pointed 
out in regard to this finding. Point rainfall does not necessarily repre
sent &.ccurately the watershed rainfall. For example, watershed average 
annual rainfall for the raln-gage network was 42.47 inches after channeli
zation, about 3 inches less than at the Elliott Station. Most of the increased 
streamflow occurred during 2 months of extreme rainfal1 that caused 
large volumes of runoff (sec. 6.1.1 and tables A-13 and A-15). 

The largest storm peak-discharge rate and storm volume in the 23
year record on watershed W-A1 occurred during the first year after 
channelization. The capacity of the channel was adequate to contain the 
di~charge \vithin banks. Frequency analysis indicates possible return pe
riods of 25 to 50 years, depending upon the method of analysis (secs. 
5.2.1 and 5.2.2). 

Channels constructed in the Ahoskie Creek watershed are relatively 
stable. Cross-sectional surveys and resurveys showed little absolute change 
in time. Some degradation and shifting occurred in curved sections, and 
aggradation occurred in straight sections. Sections of instability could 
not be correlated with soil types existing in adjacent banks of the monu
mented reaches (sec. 3.1). 

TRADE NAMES ARE USED IN THIS PUBLICATION SOLELY FOR THE PURPOSE OF PROVIDING SPE
CIFIC INFORMATION. MENTION OF A TRADE NAME DOES NOT CONSTITUTE A GUARANTEE OR 
WARRANTY OF THE PRODUCT BY THE U.S. DEPARTMENT OF AGRICULTURE OR AN ENDORSE
MENT BY THE DEPARTMENT OVER OTHER PRODUCTS NOT MENTIONED. 
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SECTION l.-INTROn·UCTION 


In 1960, a watershed work plan was devel
oped for the Ahoskie Creek, N.C., watershed 
by the Soil Conservation Service. I Improve
ments were carried out under the authority of 
the Watershed Protection and Flood Prevention 
Act (Public Law 566, 8:3d Cong., 68 Stat. 666) 
as amended. This watershed, consisting of 
48,150 acres (75.23 square miles), is located 
in Hertford, Bertie, and Northampton Counties 
in northeastern North Carolina. Work on the 
Ahoskie Creek watershed was necessitaled by 
(1) erosion damage, (2) sediment damage, 
(3) floodwater damage, and (4) other waler
management problems. 

Older residents of the area recalled t.hat the 
stream channels in the watershed were well de
fined in the early 1900's and that flooding of 
cropland seldom occurred from even extremely 
heavy rainfall. However, extensive timbering 
in the broad, swampy flood plain left a great 
amount of debris, much of which fell, or was 
later moved by floods, into stream channels. 
The debris impeded the natural flow of water, 
resulting in the accumulation of sediment de
posits in the channels. Consequently, the stream 
channels all but completely disappeared. The 
progressive decrease in Rtream-channel capacity 
resulted in more frequent flooding, with higher 
stages and of longer durationR. By the lale 
1950's, approximately 1,500 acres of Cl"opland 
and pasture adjacent to the wooded flood plain 
were inundated as often as five times a year. 
Over 4,300 additional c1creR suffered damage 
directly associated with the flooding of adja
cent land. Prolonged flood stages extended into 
field drainage ditches, preventing the normal 
movement of surface runoff and causing ex
tremely wet soil conditions for long periodR. 
Moderate to moderately Revere sheet-eroRion 
damage occurred on approximately a,700 acres, 
and another 4,200 acres suffered from Ipss se-

I Watershed work plan, Soil ('om'l'rvatioll S('l'vicl', 
Ahoskie Crel'k walel'slwd, DN'l'lllbl'I' 1(1(;0. 

rious erosion problems. Nearly 1,000 acres of 
cropland along edges of the flood plain were 
abandoned. 

Under Public Law 566, the following im
provements were recommended to alleviate 
these watershed problems: (1) land-treatment 
measures, including complete individual farm 
conservation plans, tile drains, surface field 
ditches, cover cropping, fitrip cropping, grass 
waterways, terraces, legume and grass rota
tions, and the planting of trees, and (2) struc
tural measures, including the construction of 
22.1 miles of stream channels and 43.6 miles 
of lateral drainage ditches. 

These projects were designed to provide 
drainage, within 24 hours, of storms of a 2- to 
G~year frequency of occurrence and to provide 
every farmer a drainage outlet within a rea
sonable distance of his farm. Land-treatment 
practices and channel improvements were com
pleted between 1960 and 1%5. 

1. I.-STUDY PLAN 

In October 1963, a memorandum of un
derstanding was entered into by the Soil 
Conservation Service (SCS), the Agricultur
al Research Service (ARS), and the North 
Carolina Agricultural Experiment Station 
(NCAES) for a cooperatiVe program fOI' 
waten,hed-engineering investigations in the 
Southern Coastal Plain. The Ahoskie Creek 
watershed wm; defiignated £11-1 the study area 
for these i nveRtig-atiOI1f). 

An overview of the illveRtigations, as pro
posed, if) given in the following paragraph 
from the memorandum of understanding: 

TIll' primary JIlII'J)()~e of til!' work con
templut('d is to detl'I'l1line the relation 
betw('l'1I wat('l'slll'd chal'ul't('ristics and con
ditions on I'lllwffl'ulc·s lind wullol' yields 
in lhe ('ouHtul Plain. I';vululltion, O\'er 1\ 

10-y('ul' pl'riod, of the ('(fects of gtnrcturlll 
workfl and land tl'eatllll'l1ls appliNl undel' 
th(' Wull'I'slll'd I'rol('ction and I~lood PI'l'
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vention Program of the .Soil Conservation 
Service is a prime aim. Channel behavior 
in relation to the program will be consid
ered. The approved watershed program in
cludes land treatment measures such as 
on-farm drainage, conservation cropping 
system, strip cropping, terracing, contour 
farming, etc.; and structural measures con
sisting of channel improvement. In the 
course of the investigation it may be neces
saryto develop procedures for evaluating 
the effect of certain program measures. 
The primary aim of the investigation will 
be to (1) develop hydrologic procedures 
which will enable better construction of 
synthetic hydrographs suitable for Coastal 
Plain watersheds; and (2) develop proce
dures for predicting water yield from basic 
climatic data. 

,The Southeast Watershed Research Center 
(SEWRC) of ARS was assigned to fulfill ARS 
obligations to the project. Procedures, objec
tives, techniques, and so forth were to be de
veloped by the SEWRC in consultation with 
the other agencies involved. The SEWRC is 
now designated as the Southeast Watershed 
Laboratory (SEWL). 

I. I. I.-General Purpose 

The general objectives of the Ahoskie Creek 
watershed study as agreed upon by ARS, SCS, 
and NCAES were (1) to determine the pre
cipitation characteristics, runoff characteris
tics, and water-yield potential of agricultural 
watersheds in the Coastal Plain of the South
eastern United States; (2) to measure the 
effects of channel improvement on surface 
runoff and ground-water replenishment; and 
(3) to identify and measure the geological 
components associated with ground- and sur
face-water yields from agricultural watersheds 
in this area. In achieving these objectives, in
formation has been developed for establishing 
criteria for the planning, construction, and 
operation of small watershed projects in the 
coastal area, thereby reducing the costs of 
these projects. 

1.1.2.-,Procedures 

The following basic steps were listed in the 
memorandum of understanding: (1) the as
semblage and preparation of available perti
nent data, (2) analyses of such information 
to devise procedures for evaluating the ef.fects 

of watershed treatment and associated factors 
on runoff rate and yield of streams, (3) a 
comparison of derived methods with the results 
obtained from other investigational watersheds 
to develop regional techniques, and (4) the 
development of analytical procedures and 
methods during the project. 

1.1.3.-Cooperators' Responsibilities 

1.1.3.1.-S0IL CONSERVATION SERVICE 

Responsibilities of SCS were (1) to assist 
local organizations in developing and installi.ug 
a program of watershed protection and flood 
prevention, (2) to install, operate, and main
tain instrumentation, (3) to collect, assemble, 
and process basic data, and (4) to determine 
watershed physical characteristics by surveys 
and watershed conditions from land use and 
cover inventories at 5-year intervals. 

1.1.3.2.-NORTH CAROLINA 
AGRICULTURAL EXPERIMENT STATION 

Responsibilities of NCAES were (1) to as
sist in planning instrumentation, (2) to assist 
in processing basic data, (3) to install, operate, 
and maintain additional instrumentation as 
required to meet the objectives of the NCAES, 
(4) to collect, assemble, and process data ob
tained from this additional instrumentation, 
(5) to maintain a file of those data obtained 
by station personnel and to make copies avail
able to the central file at the SCS State office 
in Raleigh, (6) to make required analysis, 
evaluation, and interpretation of data, and (7) 
to provide biometric services and make com
putation facilities available to other agencies. 

1.1.3.3.-AGRICULTURAL RESEARCH 
SERVICE 

Responsibilities of ARS were (1) to assist 
in planning the instrumentation, (2) to assist 
in processing basic data, (3) to prepare, an
alyze, and publish monthly precipitation and 
runoff data, annual maximum discharge and 
maximum volumes for selected time intervals, 
and selected storm-runoff events, including 
antecedent rainfall and runoff before the 
event, runoff rates and accumulated amounts 
for the event, and watershed characteristics 
and conditions at time of the event, (4) to 
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analyze, evaluate, and interpret data and re
sults, and (5) to prepare and publish a 
comprehensive report of the entire project. 

1.1.4.-Data-Collection Responsibilities 

1.L4.1.-PRECIPITATION 

SCS collect,:::d precipitation data from seven 
analog precil',~·tation gages. The U.S. Geological 
Survey (USGS), under contract with SCS, col
lected precipitation data from three tipping
bucket gages. 

1.lA.2.-STREAMFLOW 

The U.S. Geological Survey collected stream
flow data at one site begmning in 1950. Under 
contract with SCS, USGS coIleci;6d streamflow 
data. from one additional site beginning in 1963 
and two additional sites beginning in 1964. 

1.l.4.3.-GROUND WATER 

SCS collected ground-water elevations from 
eight observation wells equipped with analog 
stage recorders. 

1.1.4,4.-0THER DATA 

SCS prepared land-use maps and soils maps 
and made channel cross-sectional surveys at 
selected points. SCS and ARS collected frag-
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mented-washed and flight-auger samples dur
ing drilling of the ground-water observation 
wells, and resistivity logs were obtained at the 
same time. SCS and ARS made specific capac
ity tests; SCS collected soil samples and made 
soH analyses for a channel stability evaluation 
(table A-6); and USGS made crest-gage ob
servations at selected points along the main 
channel. (Crest-gage data are not included in 
this publication, but they are available upon 
request to the cooperating agencies.) 

1.2.-WATERSHED 
1.2.1.-Location 

The Ahoskie Creek watershed is located in 
the lower Coastal Plain of northeastern North 
Carolina. Of the 48,150 acres .covered by the 
Public Law 566 work plan, only about 38,150 
acres (59.6 square miles) were included in the 
study area. Ahoskie Creek originates in the 
eastern part of Northampton County just east 
of the town of Rich Square and flows in an 
easterly direction, joining other tributaries be
fore draining into the Chowan River, which in 
turn drains into Albermarle Sound. 

Gaging stations were located at three points 
on the main stem and at one point on a tribu
tary stream (fig. 1.1). Drainage areas above 

~\' 

-@-

SCALE IN "'l,.(S 

WATERSHED AREAS 
W-AI 570 ml' 
W'A2 24.0 ml' 
W-"'~ 3,7 ml' 
W-A4 2.6 ml' 

FIGURE 1.1.-Ahoskie Creek, N.C., watershed map. 
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FIGURE 1.2.-Ahoskie Creek, N.C., watershed location map. 

the main-stem gaging stations are 57.0, 24.0, 
and 3.7 square miles, respectively, and the 
drainage area above the tributary gaging sta
tion is 2.6 square miles. The terminal stream
gaging station of the study watershed was at 
State Highway 350 at Ahoskie. The town of 
Aulander and a portion of Ahoskie lie within 
the watershed. The town of Ahoskie is approx
imately 65 miles from the Atlantic Ocean (fig. 
1.2) . 

1.2.2.-Geology and Soils 

The Atlantic Coastal Plain and the Southern 
Coastal Plain are characterized by broad, flat 
surfaces that dip gently seaward. These prov
inces are underlain by several artesian and 
semiartesian Tertiary and Cretaceous aquifers 
lying unconformably on crystalline Paleozoic 
and Precambrian basement rocks. The base
ment rock is uneven and slopes to the south
east (21).~ This slope . ~eepens at the present 
coastline, and the basement rock in general 
controls the surface slope and the slope of the 
Cretaceous and Tertiary sediments. 

The soils of the watershed are representa

~ Italic numbers in parentheses refer to items in 
"Literature Cited," p. 137. 

tive of those found in the northern part of the 
Coastal Plain in North Carolina. Derived from 
moderately fine-textured sediments, they are 
chiefly members of the Craven, Levin, and 
Coxville series, having fine sandy loam or silt 
loam surface soils and firm, slowly permeable 
clay subsoils. In the lower portion of the water
shed, smaller areas of Norfolk, Goldsboro, 
Lynchburg, and Rains soils series are also 
found, consisting of fine sandy loam surface 
soils and moderately permeable sandy clay 
loam subsoils. Flood plains are covered with 
recently deposited mixed alluvial materials and 
also Bibb series sometimes. Data for topsoil, 
subsoil, and substratum in the four drainage 
areas, as well as surface slope, soil-erosion 
class, and land-capability distributions, are 
presented in tables A-2 through A-5. 

1.2.3.-Topography and Surface Drainage 

Although Ahoskie Creek is included in the 
Atlantic Coastal Plain physiographic province, 
it lies On the boundary of the Atlantic Coast 
Flatwoods. The nearly flat watershed surface 
has a number of marine terraces that are ero
~;ional remnants from Pleistocene sea trans
gressions. Since Pleistocene times. ri"ers and 
streams have altered the area to form the 
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present-day drainage pattern, which in turn 
has been changed by dredging. 

The Coastal Plain of North Carolina is char
acterized by broad, flat surfaces, which repre
sent an emerged ocean floor, and a lack of 
topographic variations. Broad, flat interstream 
areas are dominant and vary from gently roll
ing to broken slopes toward the drainage ways. 
There are well-defined flood plains that are 
subjected to inundation for long periods after 
rainfall. The Chowan, Roanoke, Tar, and other 
rivers draining the area originate in or flow 
through the Piedmont Plateau to the west and 
flow southeast in a somewhat parallel direction 
(fig. 1.2). 

Ahoskie Creek drainage was well defined 
some 50 years ago, but large timber operations 
left debris on the flood plains and in the chan
nel, causing sediment accumulation and reduc
ing channel capacity and drainage rates from 
farmland. This drainage system was altered 
by the channel improvement measures taken 
under the Public Law 566 program and is now 
one of dredged channels and drainage ditches. 
In addition, on-farm tile and open-ditch sys
tems have been increased. The principal chan
nel system provides greater efficiency of 
subsurface drainage by the on-farm systems. 

1.2.4.-Land Use 

The Ahoskie Creek watershed is predomi
nantly an agricultural and woodland area. 
Nearly two-thirds of the area is woodland, 
about one·.fourth is cropland, and the remain
der is pasture, roads, railroads, or urban areas, 
or it is idle. The main crops are peanuts, cot
ton, soybeans, corn, and tobacco. Woodland 
consists primarily of pine, cypress, cedar, gum, 
yellow poplar, and oak.;1 

1.2.5.-Climate 

The Ahoskie Creek watershed is in a humid, 
temperate region. Summers are moderately 
short and cool with high humidity. At the 
National Weather Service station at nearby 
Lewiston, N.C. (fig. 1.1) I the 18-year mean 
annual temperature is 59.8' F (26). Mean 
monthly maximum and minimum temperatures 

,I Watershed work plan, Soil Conservation Service, 
Ahoskie C"eek watershed, December 1960. 
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FIGURE l.3.-Mean monthly maximum and minimum 
temperatures, Lewiston, N.C. (1954-71). 
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are shown in figure 1.3. The mean monthly 
maximum occurs in July, but the maximum 
daily temperature generally occurs in late June. 
An 18-year record high of 103 0 F was record
ed on June 30, 1959, and the record low was 
a -JO F on January 13, 1962. Maximum tem
peratures are normally in the upper 90's 
during June through August, and minimum 

5 

http:SIol;on-48.00


temperatures are rarely below 10°F. The frost
free season at Lewiston ranged from 157 days 
in 1963 to 213 days in 1954, the average being 
190 days, from April 14 to October 21. 

The long-term average annual precipitation 
at Scotland Neck, N.C. (fig. 1.1), is 46.07 
inches (26), and at Elliott Station near Eagle
town, N.C., 48.00 inches.' Mean monthly pre
cipitation values are shown in figure 1.4. 
Precipitation is reasonably well distributed 
throughout the year, the m0an monthly maxi
mum occurring in July, followed closely by 
June and August. Winter precipitation is wide
spread and associated with frontal movement, 

I Unpublished pre~ipitation data furnished by Miss 
Alice Elliott, Woodland, N.C. Location originally 
shown as "near Eagletown." 

and the little snowfall that occurs in the water
shed is not hydrologically significant. Rainfall 
during the growing season (April through 
September) averages approximately 26 inches. 
Summer rainfall is characterized by convective 
thunderstorms, and in some years tropical 
storms have produced heavy rainfall in late 
summer and early fall. Rainfall observed in 
the watershed during the study period was not 
generally e.'{cessive in amount or intensity. The 
heaviest downpour occurred on August 20 and 
21, 1967, when a total of 18.6 inches fell. The 
storm lasted 42 hours, with 14 inches of rain 
falling in one 8-hour period. A maximum of 
6 inches was .recorded in 1 hour at a tipping
bucket gage within the watershed. This was 
a small localized storm of limited areal extent 
which resulted in a small amount of runoff. 
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SECTION 2.--WATERSHED PHYSICAL CHARACTERISTICS 


Basic physical characteristics were initially 
examined and evaluated to determine how each 
might affect or be affected by hydrologic fac
tors or by other physical factors. However, 
information available was insufficient to prop
perly describe watershed physical characteris
tics, especially subsurface conditions. Because 
the limited number of observation wells drilled 
(eight) did not provide enough information 
to prepare a satisfactory picture of subsurface 
conditions, any data analysis involving sub
surface factors is necessarily limited. Informa
tion on surface physical conditions, though not 
as extensive as desirable, is more adequate 
than data on subsurface characteristics. A 
brief discussion of the .information available 
for use in later hydrologic data analysis is 
presented in the following sections. 

2. I.-HYDROGEOLOGY 

To a large extent, marine terraces control 
the present-day topography. These terraces 
have formed some watershed boundaries and 
significantly affect the ground-water hydrol
ogy of the Ahoskie Creek area because they 
have a high infiltration rate that reduces di
rect surface runoff. This reduction makes 
large quantities of water available for recharge 
of the Yorktown Formation, which lies direct
ly below these Pleistocene terraces. The low 
permeability rate and the high water table of 
the Yorktown Formation impede vertical flow, 
causing water within the surficial terraces to 
move laterally toward the channels. 

2.1.1.-Stratigraphy 

The sediments of the Coastal Plain that were 
deposited on crystalline basement rocks form 
a definite ground-water boundary. The crystal
line rocks .are approximately 400 feet below 
the surface in the headwater area of Ahoskie 
Creek and 600 feet or more below the surface 
in the area of the city of Ahoskie (8). The 

sediments form a wedge, thickening toward 
the coast, and are derived from the weathering 
and erosion of the crystalline rocks of the Blue 
Ridge and Piedmont provinces. They were de
posited under marine conditions, with the 
exception of some of th~ Quaternary sediments. 

Elevation of land masses, retreat and en
croachment of the seas, weathering, and ero
sion have caused the deposition of sediments 
to be discontinuous throughout the Southern 
Coastal Plain. The general stratigraphic sec
tion of the formations found in the Coastal 
Plain of North Carolina is shown in table A-I, 
extracted from Mundorff (10). However, only 
Quaternary surficial deposits and Yorktown, 
Beaufort, undifferentiated Upper Cretaceous, 
and Tuscaloosa subsurface formations were en
countered in the investigation of the Ahoskie 
Creek watershed. Surface outcrops consist of 
Yorktown and Quaternary sands, silts, clays, 
and degraded limestones. The Quaternary sedi
ments range in thickness from a few inches to 
several feet. 

Subsurface investigations, drilling, and re
sistivity measurements were limited to 200 feet 
below the present land surface. Cretaceous 
sediments were encountered in all wells drilled 
in the Ahoskie Creek watershed. 

2.1.I.I.-CRETACEOUS SYSTEM 

The Tuscaloosa Formation, encountered in 
wells 1, 3, and 8 (fig. 2.1), has a dip varying 
from 15 to 20 feet per mile, strikes, in general, 
N. 50° E., and is composed of tan to red 
arkosic sands and interbedded clays. Hematite 
is a common accessory mineral. The origin is 
marine to nonmarine, indicating a near-shore 
depositional environment. Depth measurements 
of ground-water wells indicate that this forma
tion does not receh-e any, or at least little, 
gro und-wa ter recharge within this area. 
Ground-water observation "veIl 8 is screened 
in this aquifer (table A-7). 

Undifferentiated Up per Cretaceous sedi
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FIGURE 2.1.-Stratigraphic map, Ahoskie Creek watershed. 

ments and Black Creek and Peedee Forma
tions overlie the Tuscaloosa. These sediments, 
encountered in all wells drilled, dip from 6 to 
8 feet per mile in a southeasterly direction and 
strike, in general, N. 30- E. These Upper Cre
taceous shallo\v-water marine shelf deposits 
are composed of dark-gray to black inter
bedded clays, sands, and marls with glauconite 
and are predominantly lenticular. Rising land 
masses, weather, and erosion during the Lara
mide Orogeny altered these sediments a great 
deal. 

2.1.1.2.-TERTIARY SYSTEM 

2.1.1.2.1.-Paleocene Serie~ 

The Beaufort Formation was unconformably 
deposited on the undifferentiated Upper Cre
taceous sediments after the sea inundated the 
area. The strike of the formation is N.15 'W, 
and dips from 2 to 3 feet per mile (fig. 2.2). 
The composition varies from green glauconitic 
sands and gray argillaceous sands +0 Randy silt 
and clay deposited under marine conditions. Re
sistivity cunes indicate that the formation in 

the Ahoskie Creek area has a relatively low po
rosity, and so the water-bearing potential is 
low. None of the ground-water wells are seated 
in this formation. At the close of the Paleocene 
epoch the seas either retreated or the landmass 
was elevated, or both, and this formation began 
to undergo erosion and weathering that prob
ably continued through the Eocene age, pre
venting the deposition of the Castle Hayne 
limestone. Or, the Castle Hayne deposited was 
so thin that it was removed by the erosional pe
riod at the end of the Eocene and early.Miocene 
epochs. 

2. I. I .2.2.-l\fiocene Series 

No sediments of the Eocene Age were recog
nized in the subsurface investigations: the 
Yorktown of the Miocene Age lies unconform
ably on the Beaufort and underlies the entire 
watershed, receiving some ground-water re
charge in the area. It also provides some base 
flow to the channels during low-flow periods. 
The erosional period in the early Miocene re
moved the Pongo River Formation, or possibly 
the seas did not transgress inland far enough 
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FIGURE 2.2.-Electrical resistivity map, Ahoskie Creek watershed. 

to permit deposition into the Pongo River. The 
Yorktown was deposited under marine condi
tions and is composed of fine to medium, gray 
quartz sands interbedded \yith blue to gray silt 
and clay. Light-colored sand, shell beds, and 
marls occur in the upper part of the formation, 
which strikes N.65'W. and dips approximately 
6 feet per mile in a northeasterly direction. The 
deposit of the Yorktown in this area was prob
ably in an embayment or area of subsidence 
that caused the local change in dip from the 
expected easterly dip to the measured north
easterly dip. Wells 2, 5, and 7 (table A-7) 
are screened in this formation (fig. 2.1). The 
Yorktown .in the area of well 2 outcrops at the 
surface and receives direct recharge. The chan
nels were dug into the Yorktown in the upper 
(above gaging station No.3) and lower water
shed areas. The channel in the mid-reaches of 
the watershed did not intercept the Yorktown; 
rather, it cut into the Quaternary sediment 
and alluvial flood-plain deposits. Recharge in 
the upper watershed, which acts as a highland 
swamp, is low probably due to the sealing of 

the formation by fine depositional material. 
In the area where the improved channel sys
tem intercepts the Yorktown, ground-water 
recharge might possibly be increased during 
certain seasons of the year. Such recharge 
would permit the utilization of the aquifer 
1'e8er\'oir system by providing storage during 
the early ,vet season and deli vering a base 
flow during the dry, or low-flow, season. 

2.1. L2.3.-Post-Miocenc Series 

The post-Miocene surficial deposits are aque
ous, are underlain by light-colored, fine- to 
coarse-grained sands occurring with interbed
ded clay", and vary in thickness from 20 to 40 
feet, thickening to the east. Two Pleistocene 
terraces, the Penholoway (70 to 75 feet) and the 
Talbot (40 to 45 feet), are discernible within 
the watershed. Lying unconformably on the 
Yorktown Formation, they undoubtedly affect 
the recharge of the Yorktown, and possibly the 
recharge of deeper formations. Wells 1, 4, and 
6 are screened in the terrace deposits (table 
A-7). The terrace~ also influence the direct 
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runoff and the shallow subsurface lateral flow 
to the channels. As in the case with the York
town, the channels cut into these Quaternary 
sediments could permit the utilization of the 
storage capacity of this phreatic aquifer, mak
ing additional storage available during the 
high-runoff period and permitting the ground 
water to return later as base flow. 

2.1.2.-Ground Water 

The eight wells (fig. 2.1) were cased for 
ground-water cbservations (table A-7). 
Washed, fragmented samples were taken, elec
tric resistivity (ER) logs were run to a depth 
of 200 feet at each site and specific capacity 
tests were made at selected depths. Electric 
resistivity logs were compared with lithic logs 
and specific capacity tests (fig. 2.2). In gen
eral, the ER logs provide information in
dicating the depth of the maximum porosity 
that would be expected within each formation. 
They also point out the zones that act as aqui
cludes, that is, zortes of low porosity. 

Well-stage recorders (analog) ,,,ere installed 
during September 1967, and continuous rec
ords of the ground-water tables were obtained. 
The wells were screened for measurements of 
ground-water tables in the Quaternary surfi
cial sands (three wells), Yorktown Formation 
(three wells), and the Tuscaloosa Formation 
(one well). 

2.2.-S0ILS 

Soils of the Ahoskie Creek watershed, pri
marily derived from moderately fine-textured 
sediments, haye fine sandy loam or silt loam 
surface soils and firm, slowly permeable clay 
subsoils. Permeability of most surface soils is 
moderate and that of subsoils is predominantly 
slow. Internal drainage is slow in most areas 
and medium in some. Ninety-five percent of 
the surface slopes are less than 2 percent, 96 
percent of the total area is in erosion class 

TABLE 2.1.-Land use in the Ahoskie Oreek, 
N.C., watenhed 

[Percentage of area] 

Land-use Year 
category 1955 1970 

Crops ....................... 
Forest ...................... 
Pasture ..................... 
Idle......................... 
Urban •..................... 

32.6 
62.7 
2.2 

.9 
1.6 

30.8 
63.0 

3.0 
.6 

2.6 

1, and more than 85 percent of the area 
falls into land capability classes I and II. 

Basic soils data for all the major soils within 
each of the four subwatersheds are presented 
in tables A-2 through A-5. Information avail
able inciudes the percentages of total area and 
the internal drainage characteristics for each 
soil; average depths, structure, and permea
bility for topsoil, subsoil, and substratum for 
each major soil type; and land-capability 
classes, erosion classes, and land-surface slopes 
for each drainage area (1). 

2.3.-LAND USE 

The first land-use study was conducted in 
1960 with 1955 aerial photographs, I and land 
use was reevaluated in April 1974 with 1970 
aerial photographs.:.! The Ahoskie Creek water
shed has remained primarily an agricultural 
and woodland area for a long time. Forests 
and crops continue to occupy over 60 per
cent and 30 percent of the total area, respec
tively. The most significant change between 
1955 and 1970 was a slight decrease in row 
crops and a slight increase i.n urban area 
(table 2.1). 

I Watershed work plan, Soli Conservation Service, 
Ahoskie Cl'eek watershed, December 1960. 

~ Personal communication from Sidney F. Gray, geol
ogist, Soil Conservation Sel'vice, April 28, 1974. 
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SECTION 3.-CHANNEL CHARACTERISTICS 


For a long time, channels in the Ahoskie 
Creek watershed were virtually nonexistent, a 
condition largely responsible for frequent flood
ing. Channel improvement was necessarily a 
major factor in the plan to reduce flooding 
and provide proper drainage of agricultural 
lands. Approximately 22.1 miles of Ahoskie 
Creek, of which 17.6 miles were within drain
age area W-A1, were dredged, and approxi
mately 43.6 miles of lateral drainage were 
provided. Main channels were designed on the 
basis of the formula Q=45A51G (20). This de
sign was calculated to move runoff from a 2-5 
year frequency storm within 24 hours. 

Design of the channels to provide ade
quate safe removal of floodwater called for 
an average exca\"ation depth of about 7 feet 
and bed widths ranging from 4 feet in the 
upper reaches to ·12 feet at station W-Aland 
50 feet at the downstream terminus of the 
channel improvement. Bed slopes ranged from 
0.0003 to 0.0008, and channel side slopes were 
1 to 1. 

All data on channel stability have not yet 
been evaluated, but a list of samples collected 
and results of tests performed, as well as avail
able data on change in channel cross-sectional 
areas and carrying capacity, are presented in 
table A-6. 

3.1.-CHANNEL AGGRADATION 
AND DEGRADATION 

After channel exca\'ation was completed in 
July 1964, 12 cross sections were selected 
as channel-stability study sites. Seven of these 
are in the vicinity of site W-A2, and five are 
approximately 1 to 1.5 miles upstream from 
site W-A1. Each of these cross sections was 
monumented to facilHate the periodic resur
veys necessary to determine channel-geometry 
changes. In June 1969, an additional six cross 
sections 'were selected in curved channel seg
ments in the dcinity of site W-A1. Survey 

data on the first 12 sites, located in reason
ably straight stream reaches, include measure
ments as designed and as constructed, as well 
as several subsequent survey results. For the 
six sections at the curved sites, data are not 
available on measurements as constructed. 

Data analyses were made for two time seg
ments: from construction to October 1969 and 
from October 1969 to December 1972. The first 
could be considered a time of channel adjust
ment following construction, and a greater de
gree of stability should be expected in the 
later period. Two representative cross sections 
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."-. e,ou IICItOI'l loll.en Dee 1972 
- O'191nal ccnslrucllOtl 
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FIGURE. 3.1.-Representative channel crOSB sections, 
upstream reach of Ahoskie Creek. 
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FIGURE 3.2.-Representative channel cross sections, 
downstream reach of Ahoskie Creek. 
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from each of the three groups were chosen 
for analysis and illustration (figs. 3.1-3.3). 
Data from each pair of cross sections are 
averaged and pN!Sented as one result. 

Within the first period there was a great 
amount of scour in the curved sections and a 
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FIGURE 3.6-Channel ctoss-sectional areas, three reach
es in Ahoskie Creek. 

TABLE 3.1.-C7·oss-sectional areas of s'ix 7'ep1'e
sentative chamnel stations 

[Square feet) 

Area 
Channel station 

Original 1969 1972 

493+39 290.78 292.53 297.55 
503+59 309.89 272.2:3 264.57 

1,062 +41 398.00 358.55 404.22 
1,076+80 503.80 44:3.:33 4:31.8:3 

995+41 272.40 365.00 354.50 
999+16 381.00 485.73 482.40 

TABLE 3.2.-Changes -in c1'oss-sectionaZ m'cas of 
8b: rcpresentati1'e channel stations 

[Square feet] 

Change in area 
Channel 

Original 196H Original;.-tation 
to 19GB to 1972 to 1972 

493 + 39 + 1.75 +5.02 +G.77 
503+ 59 -37.GG --7.6(; -45.32 

1,062 +41 -:39.45 + 45.ri7 +G.22 
1,076 + 80 -GO.47 -11.50 -7U)7 

995+41 + ~)2.60 -10.50 +82.10 
fJ99+ Hi -!-'104.n -:;':1:) + 101.40 



small but distinct amount of fill in the straight 
reaches (fig. 3.4). Apparently, a portion of 
the material that eroded in CUITes was moved 
to straight portions and deposited there. Crosf'
sectional area increased over 30 percent in the 
curved portion and decrea.sed nearly 6 and 
11 percent in the two straight study reaches, 
respectively. 

This pattern changed significantly during 
the 1969-72 period. A slight amount of fill 
occurred in the cun'ed portions, with cross
sectional area decreasing 1.78 percent. There 
was essentially no change in the upstream 
segments within the straight reaches, and 
scour increased the cross-sectional area ap
proximately 5 percent in the downstream 
segments. For the entire period the straight 
reaches lost slightly over 6 percent of their 
cross-sectional area, and the cun'ed ::;egments 
increased about 28 percent in cross-sectional 
area. 

Figure 3.5 shows changes in a \'erage cross
sectional area for the three reaches for the 
first period, the second period, and total time. 
The average cross-sectional areas for the three 
reaches for each sun'ey are illustrated in 
figure 3.6. Survey data are summa!"ized in 
tables 3.1-3.3. 

Based on these studies it is apparent that 
extreme changes in channel geometry mar 
occur immediately after exc~l\'ation, especially 
in channel cun·es. Howe\'er, as disturbed ma
terial is removed from banks and bed, a de
gree of stability will slowly return, graduall~' 
increasing as protective \'egetation begins to 
spread. But, should this \'egetatioll be allowed 
to gro\v unimpeded over a long period of time, 
channel capacity might be se\'erely reduced in 
the future. 

In regard to channel-bed and bank stabilit~· 
at monumented cross sections, it should be 

TABLE 3.3.-P(,1'cpntage of changr ill thr ('}'o.'\s

sectional areas of si;r }'e]Jr(',~(>)1t(lti)'(' cl/al/
nel ,r;ta tions 

Avel'ag(> perN'ntagt' of challg(' 
Channel Rtatioll Original 19(;[) Original 

to 1969 Lo 1972 to 1972 

493+:19; 503+59 -5.78 -0.54 -6.14 
1,062+41; 1,07fi+80 - 10.f)rj +5.08 -(j.ar. 

995+41; 090+10 -f' :10.74 -1.7X I- 2H.:lX 

noted that channel banks have failed to main
tain originally designed slopes. Most have 
sloughed off to a somewhat flatter slope than 
the intended 45 degrees, and, consequently, 
channel-top widths are now generally greater 
than when first constructed. Bed widths vary: 
some ha\'e increased a::1d some have decreased. 

In the straight-channel reaches channel thal
wegs have remained at approximately the ~ame 
point within a given cross section. However, 
the thalweg may appear on opposite sides of 
the channel at different cross sections, indi
cating a meandering pattern of low flow. Thal
wegs in curves, of course, always appear near 
the outside of the respective curve and will 
change only to the extent that constant scour 
gradually expands the cunature of the channel. 

3.2.-CHANNEL CONVEYANCE 
CAPACITY 

In a study to determine the effectiveness of 
maintenance programs on drainage channels 
in eastern North Carolina, Swicegood and Kriz 
made obsenations on the carrying capacities 
of channels in the Ahoskie Creek watershed 
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(22). They reported that from 1965, after com
pletion of the channelization, until 1971 there 
was a loss in wa.ter-carrying capacity for 
Ahoskie Creek channels, especially for high dis
charges. They also say that vegetation is prin
cipally responsible fO!' the decreases in channel 
capacity at higher discharges. 

These findings, significant from the stand
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point of the hydraulic performance of these 
channels, led to a closer look at the change in 
stage-discharge relationships for these chan
nels because of the inherent hydrologic im
plications. Rating tables furnished by the U.S. 
Geological Survey for gaging stations below 
the four study areas were examined for addi
tional information on changes in channel ca
pacity during the study period. 

TABLE 3.4.-Stage-discharge relationships for 
selected discharges, as-built and 1971 con
ditions, watersheds W-A1, W-A2, a.nd 
W-As 

Stage (ft)QWatershed 
(ft3 /s) As-built 1971 

W-A1 10 1.4+ 1.1 

W-A1 100 2.7 2.4+ 

W-A1 300 3.8+ 4.3+ 

W-A1 600 5.0 6.7+ 

W-A1 1,000 6.1+ 8.8+ 

W-A2 10 3.1+ 3.9+ 

W-A2 100 4.4+ 6.7 

W-A2 200 5.3+ 8.5+ 

W-A2 400 6.8+ 10.7 

W-A3 10 1.5+ 4.4 

W-A3 50 2.6+ 7.2 

W-A3 100 3.6 
 (1) 


W-A3 350 7.9+ (1) 


1 Rating curve does not extend this far. 
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Figures 3.7-3.10 show USGS rating curves 
for each of the study-area measurement sec
tions. The as-built rating refers to the first 
rating after construction of the channels, and 
the 1971 date refers to the last rating during 
the study. Measurement-section channels for 
W-A1, W-A2, and W-A3 have incurred ap
preciable reductions in carrying capacities, 
particularly in the upper ranges of flow rates. 

For the measurement section on watershed 
W-A1, carrying capacity has been reduced at 
stages above 3 feet and increased at stages 
below 3 feet. This difference is perhaps in
dicative of a slight channel degradation at this 
site. 

For the sections at the outlets of watersheds 
W-A2 and W-A3, carrying capacities have 
been reduced significantly, and zero-flow gage 
heights have increased, indicating that chan
nel aggradation has occurred in these upper 
reaches. 

The channel capacity at W-A4 has changed 
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little during the study. A single-barrel culvelt 
located at this site is probably the hydraulic 
control that has resulted in a relatively stable 
rating at this station for the study period. 

Figures 3.11-3.14 show flow rates for se
lected stages as a percentage of the as-built 
flow rates for W-A1 to W-A4, respectively, 
for the study period. These figures illustrate 
the magnitude of the reduction in channel ca
pacities incurred by the sections at W-A1, 
W-A2, and W-A3 at high flow rates. 

The change in channel capacity may affect 
the hydrologic performance of the watershed 
because of the change in channel storage, 
which directly affects flow routing. In this 
regard, the increase or decrease in the stage 
(indicative of the increased or decreased chan
nel storage) for a given flow rate is of in
terest. Table 3.4 shows the overall change in 
stage from the as-built rating to the 1971 rat
ing for selected flows on watersheds W-A1, 
W-A2, and W-A3. 

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 
YEAR 

FIGURE 3.11.-Discharge rates as a percentage of as-built capacity for selected stages, 
watershed W-A1 (1964-72). 
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SECTION 4.-BASIC DATA AND REPRESENTATIVENESS 


4.1.-RECORDS AVAILABLE 
AND DATA CONVERSION 

The hydrologic and geohydrologic data are 
the continuously observed time-dependent in
formation: precipitation depths, stream stages, 
and ground-water elevations. These basic data, 
collected in the Ahoskie Creek watershed by 
the cooperating agencies (sec. 1.1.4), were sup
plemented in this study, where available, from 
other sources. SCS, in addition to providing 
actual data collection, served as a clearing
house and furnished the incoming analog chart 
records to the appropriate locations for data 
reduction and conversion. 

SCS collected rain-gage charts and made 
them, along with USGS tipping-bucket charts, 
available to the North Carolina State Uni
versity Biological and Agricultural Engineer
ing Department for tabulation and conversion. 
Also, SCS sent observation charts on ground
water wells to ARS for tabulation and conver
sion. USGS provided copies of stream-stage 
charts, rating tables, and mean daily dis
charge data to SCS. SCS sent copies to ARS. 
ARS made necessary tabulations and data 
conversion. 

ARS obtained climatic data from the U.S. 
Weather Bureau and additional precipita
tion data from a nearby cooperative observer 
location (26). 

4.1.1.-Precipitation 

ARS established a network of seven weigh
ing-recording rain gages in May 1964. SCS 
maintained the network from May 1964 
through September 1973. USGS operated 
three tipping-bucket gages at stream-gaging 
locations from July 1964 through September 
1973. Rain-gage locations are shown on the 
watershed map, figure 1.1. E. H. Wiser, under 
a cooperative agreement, I made breakpoint 

Cooperative agreement No. 12-14-7001-90, be
tween ARS and North Carolina State University. 

tabulations and punched the data onto cards. 
Breakpoint data were available for use in spe
cial analyses to be reported in later sections. 
Daily watershed average rainfail, determined 
by the Thiessen method (5), has been pub
lished (1-3). Summaries of data are given in 
the appendix of this report. Table A-8 shows 
monthly maximum 15- and 30-minute and 1-, 
2-, 6-, and 24-hour rainfall amounts at rain 
gage 3 for July 1964 through December 1972. 
Monthly and annual totals of weighted rain
fall for watersheds W-Al, W-A2, W-A3, and 
W-A4 are given in tables A-9, A-10, A-ll, 
and A-12, respectively, for the period .Tuly 
1964 through December 1972. 

In March 1904, J. T. Elliott established a 
cooperative-observer standard rain gage in 
Eagletown, N. C. (fig. 1.1). The Elliott family 
collected rainfall data up to 1973, and Alice 
Elliott made these data available to ARS. 
Monthly data for the period of March 1904 
through December 1972 are given in table 
A-13, though data for some months are not 
currently available. Information on daily .rain
fall, with the observation time at 6 :00 p.m., 
was made available for the period of January 
1, 1950, through December 31, 1972. Table 
A-14 shows monthly maximum daily rainfall 
amounts for the Elliott Station from January 
1950 through December 1972. Monthly precipi
tation data are also available for Scotland 
Neck, N.C. (fig. 1.1) for the period 1904 
through 1972 (26). 

4.1.2.-Streamflow 

In January 1950, USGS established a stream
gaging station on Ahoskie Creek at Ahoskie, 
N.C. (watershed W-Al). Mean daily dis
charge data have been published for January 
1950 through September 1964 (23, 24). USGS, 
under a cooperath'e agreement with SCS, 
maintained gaging stations at Ahoskie Creek 
at Ahoskie (W-Al) I at Ahoskie Creek at Min
ton's Store (W-A2). at Ahoskie Creek near 
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Rich Square (W-A3), and at an Ahoskie 
Creek tributary at Poor Town (W-A4). 

USGS identification and descriptive data for 
July 1964 through September 1973 for the 
four gaging stations, as published (23, 24), 
are given in tables A-15, A-16, A-17, and 
A-18. Monthly summaries of streamflow \'01

ume for the four watersheds are also gi\'en in 
tables A-15, A-16, A-17, and A-IS. 

Breakpoint tabulations of streamflow were 
made for all watersheds for all storms that 
produced as much as 0.50 inch of rainfall or 
resulted in 0.50 foot of rise in stream stage. 
Breakpoint rainfall and streamflow data have 
been published for selected events (J-3). An
nual maximum instantaneous streamflow rates 
and volumes for selected time intervals for 
the four watersheds are given in tables A-19 
through A-22, monthly maximum instanta
neous rates of streamflow in tables A-23 
through A-26, and monthly maximum mean 
daily discharge in tables A-27 through A-30. 
USGS maintained and made avaUable data for 
crest gages at selected sites in the Ahoskie 
Creek watershed during the period of July 
1964 through September 1973. 

4.1.3.-Ground Water 

In 1966, eight ground-water observation 
wells were drilled with rotary equipment with 
reverse circulation (fig. 1.1). 'Washed frag
mented samples were analyzed, and drillel' log::; 
and electrical resistivity logs were made at 
each site. Geologic interpretation of logs and 
samples were made (sec. 2.1.1.). Four loca
tions, wells 1, 3, 4, and 6, were selected for 
observation in the Quaternary surficial sands; 
three locations, welIs 2, 5, and 7, for obser
vation in the Yorktown Formation; and one 
location, well 8, for observation in the Tus
caloosa Formation. (See sec. 2.1.1. for struc
tural and stratigraphic descriptions.) The 
wells were plugged below the respecth-e aqui
fers, screened through the aquifer thickness, 
cased, and plugged above the aquifer. Pump
ing tests were made to determine transmissiv
ity, storativity, dra\vdown, and recovery rates 
of each formation. Data are given in section 
2.1.2. 

Water-level recorders were installed in Sep
tember 1967 and maintained by SCS. Break

point tabulations of ground-water surface 
elevations were made by ARS, and mean daily 
ground-water surface elevations were deter
mined for October 1967 through September 
1973. The aquifer at weIll was partially sealed 
during the drilling and was not fully respon
sive to water-Ie\'el changes until it was re
worked in September 1969. Well 3 was not 
responsi\'e to water-level changes, and so 
record collection was discontinued in August 
1971. The ground-water data are summarized 
in table A-31, which gh'es monthly maximum 
and minimum water-surface elevations for 
wells 1, 2, 4, 5, 6, 7, and 8. The monthly sum
maries for well number 1 are for October 
1969 through December 1972,. and for all other 
wells January 1968 through December 1972. 

4.2.-PRECIPITATION 

REPRESENTATIVENESS FOR 


RECORD PERIODS 

Reliability and applicability of hydrologic 

analyses are determined by the climatic repre
sentativeness of the period during which the 
data were obtained. Concepts and methodolo
gies are not generally affected, but quantifica
tion of relationships and processes may be 
seriously biased if precipitation is abnormally 
high or low for the observation period. Rela
th-ely long durations of hydrologic data col
lection are necessary to minimize effects of 
the biases. During a short period, there is less 
opportunity for "average" or extreme oc
currences: correct evaluation of watershed
treatment effecb; is highly dependent upon a 
representative climatic experience. Since hy
drologic systems in nature are nonlinear, small 
treatment effects may be exaggerated or elim
inated between two nonrepresentative periods 
of rainfall. Part of this report is directed 
towards a detel'mination of the effects of chan
nel improVC'ment on the hydrologic character
istics of the Ahoskie Creek watershed. It is 
essential that some evaluation is made to de . 
termine the precipitation representativeness of 
the periods of data collection behre and after 
channel improvement. 

No known standards of comparison or tech
niques exist for adequately determining the 
normalcy or representati\'enesR of precipitation 
for any period. Neither is there such a thing 
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as "average" or "normal" precipitation, al
though a period is often described as "below 
normal" or "above normal." The terms "nor
mal" or ,Iaverage" refer to the total population, 
that is, some infinitely long period. The dura
tion of a hydrologic study merely represents 
a sample. Statistically designed experiments 
usually establish control of most variables so 
that resulting data provide statistics from 
which inferences can be drawn about the popu
lations. Precipitation is so highly variable in 
time and space that no established norm can 
adequately represent the population. The de
gree of representativeness of the climatic 
popUlation by the sample is highly subjective, 
and the methods of comparison vary with the 
investigator. 

,One of the few published methods for tests 
of normalcy of precipitation was made by 
Potter (11). The tests included certain fre
quency analyses. However, frequency analyses 
for short record periods may be highly biased, 
and so alternative methods of investigatic.;1 
were considered. 

The determination of excessive storms re
quires recording rain-gage data (28). This 
information is not always available, as is the 
case in the present study for the before-treat
ment period. Streamflow data are available for 
the period 1950-62, before treatment, and the 
period 1965-72, after treatment, but only daily 
point-rainfall data are available for the pre-

TABLE 4.1.-.iltlonthly ?'ainfall means and stall
dCLnl dl'1.'iatioll.s fm' three periods, Elliott 
Station, N.C. 

1904-72 1951-62 1965-72 
Month Std. Std. Std.

Mean Mean Meandey. dey. dev. 

January ..... 3.64 1.513 3.98 2.122 3.64 1.060
• 	 February . ~ .. 3.86 1.689 4.34 1.478 3.93 1.294 

March ....... 3.78 1.424 3.76 .805 3.45 1.172 
April ........ 3.25 1.632 :U8 1.524 2.71 1.097 
May ~ .... " , .. 3.74 U)23 3.7H 1.880 4.55 2.036 
June ' , 4.49 ~.O50 !3~77 U301 .1.24 1.385 
July !i.l8 ~.7H7 5.fili 3.:126 5.50 2.158 
August 4.99 3.OH7 B.21 3.253 5.12 2.841 
September .. 4.42 3.056 4.22 3.4H5 3.19 1.539 
October ..... 3.02 2.161 3.70 3.132 3.51 2.447 
November ." 2.93 1.882 3,43 1.487 2.52 1.144 
December .- 3,46 1.516 3.11 .H44 2.85 1.478 
Annual " , ,47.57 7.22H 49.12 5.908 45.78 5.249 

treatment period before 1965. The long-term 
cooperative-observer gage at the Elliott Station 
near Eagletown was used as the reference 
location in the representative tests. The month
ly rainfall totals are given in table A-13. 

The first step in the determination of the 
representativeness of the rainfall for the pe
riods of record \vas to compare monthly means 
for the before- and after-treatment periods 
with those of the long-term record. The com
parative means are shown in figure 4.1. A ver
age January and February rainfall for the 
pretreatment period is slightly above the long
term values, and that of the posttreatment 
period is slightly below the long term. During 
March and April the pretreatment averages 
are only slightly below the long term, but 
the posttreatment averages are well below the 
long term. During the remaining months, the 
comparisons were highly erratic, especially 
from May through September, the months 
when most of the rainfall results from COl1

,'ecth'e thunderstorms. In May and June, rain
fall during the posttreatment period was well 
above that of the pretreatment period, and in 
July it was similar before and after but well 
below the long term. The August, September, 
and Novemher averages during the pretreat
ment period were approximately 1 inch greater 
than those of the posttreatment period. The 
annual comparison in figure 4.1 shows that 
the pretreatment period was '''vetter than nor
mal" and that the posttreatment period was 
"drier than normal." 

The stanclard deviation of monthly amounts 
was determined for each month in order to 

c. 	t . ~. 

'l" 
~ -
il' [, 

, 

I 	 ! 
z 

"? 

" 
" 	 I 

I .. v .... ..; .. '.~ .,' ..... , .".' 

FIGURE 4.1.-Mean monthly rainfall amounts by record 
periods, Elliott Station (1904-72). 
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obtain a measure of the dh;persion about the 
mean. In table 4.1, the standard deviations for 
each period are compared with the long-term 
standard deviations. In general, the dispersion 
during the pretreatment period compares rea
sonably well with the long term, but during 
the posttreatment period the dispersion indi
cates less than a normal spread of values. 

However, means and standard deviations 
may not provide sufficient information about 
the precipitation of the respective periods. Ex
tremes may be better indicators of the hydro
logic characteristics for the periods of record. 
Monthly rainfall data for the Elliott Station 
are shown in figure 4.2. The significant points 
to be made concern the extremes for the be
fore- and after-treatment periods, 1951-62 and 
1965-72, respectively. In all months except 
May and December, the first, second, and third 
largest monthly yalues occurred before treat
ment. This does not necessarily reflect suc
cessiye month~. The lowest monthly totals 
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occurred before treatment in January, May, 
June, and October. All-time record-high 
amounts occurred before treatment in January, 
July, and November, and after treatment in 
May. 

Month-by-month comparisons of rainfall do 
not give a complete expression of streamflow 
potential, because antecedent rainfall is not 
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FIGURE 4.5.-Mean monthly rainfall as averaged for 4 
months, beginning with month shown, Elliott Station. 
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FIGURE 4.6.-Mean monthly J~·ainfall as averaged for 5 
months, beginning with month shown, Elliott Station. 

considered, and so moving averages of sequen
tial monthly rainfall were determined for 2, 
3, 4, 5, and 6 months. Moving .averages by 
month are shown in figures 4.3-4.7 for the 
before- and after-treatment periods, as well as 
the long term (1929-50). The figures show 
that for all moving-average schemes the spread 
of values in the before-treatment period com
pares favorably with that of the long term. 
However, the after-treatment period shows less 
spread and is generally low in amount. 

A comparison of extremes of monthly mov
ing averages shows that the .all-time 2-month 
record high occurred in August-September 
during the before-treatment period. The 2
month moving averages were higher before 
treatment than after treatment for all months 
except May-June. For 3-month moving aver
ages, all were higher before treatment except 
March-May, wit}> the all-time high in July
September. Similar comparisons exist for 4
and 5-month moving averages, and for 6-month 
moving averages the before-treatment period 
has the higher values for all months. 

Time distributions of rainfall are not ade
quately represented by monthly totals or by 
monthly moving-average schemes. Miller and 
Frederick published a so-called monthly nor
mal number of days with rainfall greater than 
0.5, 1.0, 2.0, and 4.0 inches (9). Daily rain
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TABLE 4.2.-No1"1nal numbe1' of 24-hou1' pe1'iods and obse1'ved numbe1'of calendar days 'With rain
fall g1'eate1' than 01' equa7, to the va?'ious amounts shown, Elliott Station 

Amount of NormaJt or Month 
rainfall observation Total 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct, Nov. Dec.(in) period 

Rainfall>trace .,. 1950-63 7.3 7.6 8.1 7.1 8.1 7.9 9.4 7.9 5.9 5.2 5.7 5.6 86 
Do ·. ..... 1964-72 7 6.9 7.2 6.6 8.1 7.6 10.4 8.3 6.2 6.3 5.8 6.1 87 
Do ........ 1950-72 7.2 7.3 7.8 6.9 8.1 7.7 9.8 8.1 6 5.7 5.7 5.8 86 

Rainfall>0.10 1950-63 6.1 7.2 7.2 5.9 6.8 6.7 8.0 7.3 5.3 4.6 5.4 5.0 75 
D;- ·........ 1964-72 6 5.8 5.9 5.4 6.4 5.7 8.8 7.2 4.7 4.8 4.6 5.1 70 

~ 

~ 

Do ........ 1950-72 G 6.7 6.7 5.7 6.7 6.3 8.3 7.3 5 4.7 5.1 5 73 
Rainfall>0.25 ... 1950-63 4.2 5.2 4.9 3.8 4.4 5.0 5.4 5.4 3.8 3.4 3.6 4.2 53 

~DO' ·.. ..... 1964-72 4.7 4.9 4.3 3.3 4.4 4.3 6.1 5.1 3.1 3.7 3.2 3.6 51 
Do ........ 1950-72 4.4 5.1 4.7 3.6 4.4 4.7 5.7 5.3 3.5 3.5 3.5 4 52 

Rainfall>0.50 ,,, normal 3.0 3.0 3.0 2.8 3.2 3.2 4.4 4.5 3.3 2.4 2.5 2.9 38.2 
D;- 1950-63 2.7 3.4 2.7 1.8 2.3 2.6 3.5 3.4 2.4 2.4 2.1 2.6 32 

~Do ·.... .. 1964-72 2.7 3.3 2.3 1.7 2.7 2.7 3.7 3.3 1.9 2.6 1.7 1.9 30 

Do ........ 1950-72 2.7 3.3 2.6 1.8 2.5 2.7 3.6 3.4 2.2 2.4 2 2.3 32 


Rainfall~1.00 ... normal 1.0 1.0 1.0 1.0 1.1 1.4 2.3 2.6 2.0 1.0 1.0 .9 16.3 
Do 1950-63 1 1.1 .5 .6 1 .9 1.6 2.1 1.3 1.1 1.2 .9 14 
Do ........ 1964-72 . .. 1 1.4 1 .6 1.4 1.5 1.8 1.8 1.2 1.3 .6 1 14 
Do ........ 1950-72 1 1.3 .7 .6 1.2 1.2 1.7 2 1.3 1.2 1 .9 14 

Rainfall>2.00 , .. normal .19 .05 .15 .2 .2 .4 .8 .8 .7 .4 .2 .3 4.4 
DO' 1950-63 .07 .07 .07 0 .14 .07 .43 .36 .50 .21 .14 0 2 
Do ......... 1964-72 .22 0 .11 .13 .~13 .44 .33 .67 .56 .22 0 .11 3.2 
Do ........ 1950-72 .13 .04 .09 .09 .22 .22 .39 .48 .52 .22 0 .04 2.5 

Rainfall>4.00 .. , normal .001 .001 .001 .01 .01 .08 .1 .05 .01 .01 .01 .001 .28 
D;- 1950-63 0 0 0 0 0 0 0 .14 .14 0 0 0 .29 
Do ........ 1964-72 0 0 0 0 0 .12 0 0 0 0 0 0 .11 
Do ........ 1950-72 0 0 0 0 0 .04 0 .09 .09 0 0 0 .22 

1 Miller, J. F., and Frederick, R. H. (tl). 

fall records from the Elliott Station were uti in table 4.2. There are no published data for 
lized to determine the number of comparative comparison, and so the tabulated data were 
occurrences each month for the before-treat used to compare record periods. Although the 
ment and after-treatment periods for compari annual number of occurrences of each amount 
son with the published normals (table 4.2). is comparable for both periods, there are con
For the 0.5-inchamount, the before- and after siderable differences from month to month. 
treatment periods are similar throughout the Rain gage 3 in the network of recording gages 
year, and the observed occurrences are wen was selected for similar comparisons for the 
below the normal for all months except Febru after-treatment period, with the same general 
ary. For 1.0 inch, there was considerable results as for the Elliott Station (table 4.3). 
difference between the periods on a month-to As previously stated, there is no good meth
month basis, although the annual total is the od of determining the normality or abnormal
same for both periods. Observed occurrences ity of a period of rainfall. However, it is 
were generally lower than normal. Compari necessary to draw conclusions for establishing
sons for the 2.0-inch amount are similar to 

applicability of other analyses. In general, thethose for 1.0 inch. Because of the infrequent 
posttreatment period was slightly below "noroccurrence of daily rainfall amounts greater 
mal" and the pretreatment period was aboutthan 4.0 inches, single occurrences in short rec

"normaL" The differences cannot be quantified
ords cause erratic results, but in general both 

periods were below normal. and exceptions exist for some time spans with

The numbers of days with amounts greater in each period. Table 4.4 gives a summary of 
than a trace, 0.10, and 0.25 inch are also shown normalcy by month and year. 
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TABLE 4.3.-N01·mal and obse1"ved numbe1' of 24-hOU1" pe1'iods, 1964-72, with minfall g1'eate1' than 
01' equal to the va1'ious amounts shown, 1"ain gCLge 3, Ahoskie Creek 

Amount of 
Normallor Month

rainfall Total
observed Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.(in) 

Rainfall>trace observed 7.8 7.1 6.4 6.8 7.8 7.2 9.6 9.1 5.6 5.4 5.1 7.2 84 
Rainfall>0.10 ...... do " '" 6.5 6.4 5.4 5.0 6.4 6.1 8.1 7.6 5.3 4.6 4.2 6.1 71 
Rainfall>0.25 ...... do ...... 3.9 5.1 4.1 3.4 4.4 4.1 6.4 5.3 3.4 3.2 3.1 3.9 50 
Rainfall~0.50 ..... normal .,. 3.0 3.0 3.0 2.8 3.2 3.2 4.4 4.5 3.3 2.4 2.5 2.9 38.2 

•••••• & •••Do observed .. 2.2 3.1 2.4 1.4 3.2 2.4 5 3.2 2.6 2 1.4 2.1 30.6 
Rainfall>1.0 ...... normal ... 1.0 1.0 1.0 1.0 1.1 1.4 2.3 2.6 2.0 1.0 1.0 .9 16.3 

Do .,. ........ observed .. .9 1.8 1 .5 1.6 1.6 2.4 1.7 7 1.3 .8 .9 15~ 

~Rainfall~2.0 . ... normal ... .19 .05 .15 .2 .2 .4 .8 .8 .7 .4 .2 .3 4.4 
_ ... -,. ....Do observed .. .12 0 .12 .12 .25 .44 .55 .33 .55 .55 0 .11 2.8 

Rainfall>4.0 ..... normal . .. .001 .001 .001 .01 .01 .08 .1 .05 .01 .01 .01 .001 .28 
Do ........... observed ., 0 0 0 0 0 .11 .11 0 .11 .11 0 0 .44 

1 Miller, J. F., and Frederick, R. H. (.9) . 

TABLE 4.4.-Monthly and annual summary of nO?'malcy of 1J1'ecipitation, 

Elliott Station 


1951-62 1965-72 
Measurement Below Near Above Below Near Above 

normal normal normal normal normal normal 

January 

~Mean ... - ..... ... ..... " " ~ 

Std. dev. '" " 

Occurrences>0.5 in 
 '" * 
Occurrences>l.O in " " 
Occurrences>2.0 in '" * 
Occurrences>4.0 in (, " 
Summary -. •••• * •.•• 4 X X 

February 

Mean ...... , .• _. '7' •••.•• " " 
Std. dev. ... .. . ~ ......... .. 
 " 
Occurrences>O.5 in "" 
Occurrences>1.0 in * * 
Occurrences~2.0 in " " 

,~..Occurrences~4.0 in 
Summary .". -, ........ X X 


March 

Mean .. ~ " ..... , ......... 
~ * * 
Std. dev. .... .... , ..... 'I< 

~ * 
Occurrences;C0.5 in .. " .. 

.. 
,~Occurrences>1.0 in 


Occurrences>2.0 in 
 ~, 

Occurrences~4.0 in ,) 

* 
Summary ... X X 
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TABLE 4.4.-M.onthly and annual summary of normalcy of precipitation, 

Elliott Station-Continued 


19lil~2 1965-72 
Measurement Below Near Below Near Above 

normal normal normal normal . normal normal 

April 

Mean ................... . • • 
Std. dey................ . • .. 
Occurrences>O.5 in • • 
Occurrences~l.O in • • 
Occurrences~2.0 in • .. 
Occurrences~4.0 in • • 
Summary ............... . X X 

May 

Mean ................... . • .. 
Std. dey................ . • ... 
Occurrences~O.5 in • o 

... 
Occurrences>2.0 in o • 
Occurrences~4.0in • 

Occurrences~l.O in o 

o 

Summary ............... . X X 


June 

Mean .................... • • 
Std. dey. ................ • • 
Occurrences>O.5 in • • 

oOccurrences>l.Oin • 
Occul·rences>2.0 in • • 
Occurrences>4.0 in • • 
Summary .:-:-............. X x 

July 

Mean ................... . • • 
Std. dey................ . • 

oOccurrences>O.5 in • 
oOccurrences>l.O in • 

Occurrences>2.0 in ... o 

Occurrences>4.0 in o • 
Summary .:-:-........... .. x x 

August 

Mean ................... . • • 

Std. dey ................ . •
o 

Occurl"ences>O.5 in • • 
Occurrences>l.O in • • 
Occurrences~2.0 in • • 

...Occurrenees>4.0 in • 
Summary .:-:-............ . x x 


September 

Mean ................... . • • 
Std. dey ................ . • • 
Occurrences>O.5 in • • 
Occurrences>l.O in • • 
Occurrences>2.0 in • • 
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TABLE 4.4 . .....:Monthly and annual summ.at·y of fWrmalcy of precipitation, 
Elliott Statio'tl-Continued 

1951-62 1965-72 

Measurement Below Near Above Below Near Above 
nurmal normal normal normal normal normal 

September-Continued 

I)Occurrences>4.0 in ..... . • 
Summary .-:-:-............ . x x 

October 

Mean ................... . • • 
Std. dev................ . • 
Occurrences>0.5 in 
Occurrences > 1.0 in • 
Occurrences>2.0 in • • 
Occurrences~4.0 in I) • 
Summary ............... . x x 

November 

Mean ................... . • • 
,Std. dev. ................ • • 
Occurrences>O.5 in I) • 
Occurrences>1.0 in .. • 
Occurrences>2.0 in .. • 
Occurrences~4.0 in • • 
Summary ............... . x x 


December 

Mean ..................... • • 

Std. dev. ................ 0 • 
Occurl·ences>O.5 in •" 
Occurrences>1.0 in •" 
Occurrences>2.0 in " • 
Occurrences>4.0 in •" 
Summary .:-:-............ . x x 


Annual 

Mean ................... . • 
Std. dev................ - • 
Occurrences~O.5 in .. • 
Occurrences>l.O in .. • 
Occurrences>2.0 in • 
Occul'rences>4.0 in • 
Summary .:-:-............ . x x 
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SECTION 5.-DATA SUMMARIZATION 


5.. 1.-PRECIPITATION device for generating values of stochastic vari

Precipitation characteristics treated in this 
section are analyzed strictly f:l:'om the viewpoint 
of precipitation as an independent process. Con
sideration is not given to interrelations with 
and interpretations toward analyses of the 
streamflow and ground-water components of 
the study. Emphasis is placed on those precipi
tation characteristics that are significant in 
water-resources planning and design. 

5.l.l.-Frequency of Daily Precipitation 

Although maximum storm rainfall does not 
always result in maximum streamflow, extreme 
rainfall events gsnerally result in large stream
flow rates or volumes and are of particular 
interest for design purposes. Daily rainfall is 
a consistently defined time unit of rainfall and 
is often used in hydraulic design, especially 
drainage design. 

In frequency analyses using annual series, 
considerable data are often disregarded. For 
example, the second, third, and fourth largest 
values of a variable during a year may be 
considerably larger than the annual maximums 
for other years. Such differences can be per
plexing when working \\'ith relatively short
term records. 

Snyder developed a method for fitting dis
tribution functions by nonlinear least squares 
(14). The method eliminates the problems of 
empty classes, outliers, and plotting position, 
which are particularly common in short-term 
hydrologic variables. Snyder and Wallace de
veloped the three-parameter log-normal dish'i
bution as a functional val'iate transform of an 
embedded-normal distribution (1.9), and it has 
been used widely in hydrologic data frequency 
analysis. The mean of the embedded normal 
and two parameters .in the transform function 
were eval uated by nonlinear least squares. 
\Vhen so defined andevaluatec1, the three
parameter log-normal distribution is a good 

ables. The log-normal probability density func
tion is given by 

p(v) = [V2If k(V-O)J-l 

exp { -lh [In (~-O) -tnJ}, (5.1) 

and the variate transform function is given by 

In (v-o) =kx. (5.2) 

In equations 5.1 and 5.2, x is the variate of 
the embedded-normal distribution of unit vari
ance, 111. the mean, 'V the value of the variate, 
and 0 and Ie mathematical parameters. Three 
parameter8, 0, k, and nt, are evaluated by non
linear least squarr:s applied to historical data. 

Snyder developed a procedure for consider
ing parameters 0 and Ie seasonally continuous 
and cycliC' over a year (17). The procedure 
provides for the evaluation of the parameters 
at selected points with the determination of 
intermediate values by interpolation techniques 
(1J). The procedure was adapted to analyze 
12 monthly distributions of a variate simul
taneously, and so monthly maximums of a 
variate could be treated over the year. Snyder 
used the techniques to fit monthly maximum 
daily rainfall amounts and generate several 
lOO-year sets of monthly values (16). By fit
ting historical data and optimization of the 
parameters, monthly values were generated for 
12 months by means of the fitted parameters. 

Monthly maximum daily rainfall amounts for 
the Elliott Station are given in table A-14 
for 1950 through 1972. The nonlinear least 
squares method of fitting the log-normal dis
tribution was applied to the monthly maximum 
rainfall data. Parameters 0, k, and m in the log
normal distribution were optimized by the 
method of least squares. Parameters 0 and Ie 
were optimized at three points during the year, 
with intermediate points determined by inter
polation techniques (13). Optimization of the 
parameters resulted in a correlation of 0.884 
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FIGURE 5.1.-0bserved and calculated histograms, monthly maximum daily rainfall, 

Elliott Station (1950-72). 


between observed and predicted values. Ob The data show a rather narrow range for 
served and calculated histograms are shown in return periods up to about 25 years, but the 
figure 5.1. range in(;l'eases considerably to the 100-year 

Optimized parameters were used to generate return period, demonstrating the relative reli
ten 100-year sets of values for each month and ability of estimating the values for long recur
then the 10 largest values were abstracted from rence intervals from short-term data. The 
each set for each month. Since the parameter 22-year observed maximums are also shown on 
functions are seasonally continuous, quarter the figures for the four months. 
points were selected for the presentation of the The most significant point of this frequency 
values. The 10 largest values from each of the analysis is that there is not a single value of 
10 sets are shown in figures 5.2-5.5, for Janu estimated daily rainfall for any return period, 
ary, April, July, and October, respectively. but rather a range of values. This fact should be 
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FIGURE 5.2.-Maximum generated daily rainfall, 10 
maximums from ten 100-year samples, Elliott Sta
tion, January. 
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FIGURE 5.3.-Maximum generated daily rainfall, 10 
maximums from ten 100-year samples, Elliott Sta
tion, April. 
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FIGURE 5.4.-Maximum generated dail~' rainfall, 10 
maximums from ten 100-year samples, Elliott Sta
tion, July. 

kept in mind when estimating future rainfall 
events from historical records. 

5.1.2.--Areal Distribution of Precipitation 

Design-storm rainfall amounts are normally 
taken from point-rainfall records or published 
U.S. Weather Bureau maps based on point
rainfall analyses (27). Basin rainfall for 
hydraulic-structures design is normally deter
mined by reduction of point-rainfall estimates 
by some predetermined factor dependent upon 
the climatic region. SCS developed criteria for 
reducing map rainfall to areal rainfall for three 
climatic regions: Pacific Coastal, humid and 
subhumid, and arid and semiarid climates (25). 
Little data are available from rain-gage net
works to determine reduction ratios, but the 
rain-gage network in the Ahoskie Creek water
shed provides some data for estimating point
to-area relationships. Because the period of 
record is relatively short, the data are not 
sufficient for the desired analysis. 

Two criteria were used in selecting storms 
for point-aTea analysis: (1) all storms, irre
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spective of duration, with maximum observed 
point .rainfall equal to or greater than 2.00 
inches, and (2) separation of storms into gen
eral winter (October 1 through April 30) and 
summer (May 1 through September 30) sea
sons. The number of storms was different for 
each watershed. A total of 60 summer and 
winter storms were selected for watershed W
Al, where maximum point rainfall ranged from 
2.00 inches to 12.60 inches. Maximum Thiessen 
weighted rainfall ranged from 4.85 inches for 
watershed W-A1 to 8.70 inches for watershed 
W-A4. The2-inch point rainfall is equivalent 
to approximately a 1-year 6-hour amount given 
in U.S. Weather Bureau Technical Paper 40 
(27), and the 12.60 inches is greater than the 
100-year 24-hour amount given. Of the 21.60
inch total, 12.50 inches was recorded in 
approximately 14 hours as measured at a 
tipping-bucket gage. 

Ratios of areal rainfall to point rainfall were 
determined for each watershed by season for 
each storm irrespective of storm duration (fig. 
5.6). The data reflect a large range of ratios 
for each watershed, especially during the sum
mer season. Figure 5.6 also shows the types of 
rainfall mechanism in each season. The summer 
convective thunderstorms are generally more 
variable than storms associated with frontal 
movement in the winter. 

Because the maximum ratios, for design pur
poses, would be more significant in providing 
safety factors, envelope curves were drawn 
through the uppermost points for each water
shed each season. There is no significant dif
ference between the seasonal lines up to 
approximately 40 square miles. Although there 
is a large gap between watersheds W-A2 and 
W-A3, the logarithmic scale of the area per
mitted the drawing of relatively smooth lines 
for each season. The data show that a ratio of 
1.0 should be used for an area up to approxi
mately 10 square miles. The summer and winter 
lines begin to diverge "t 40 squares miles, with 
a significant difference in the ratios for the 
57-square-mile watershed, W-AI. 

For purposes of comparison, the SCS curve 
for the humid and subhumid areas (25) was 
drawn on figure 5.6, showing a ratio of the 
areal rainfall to the map rainfall of unity for a 
10-square-mile area. Map rainfall represents 
point rainfall determined from U.S. Weather 
Bureau Technical Paper 40 (27). The ratios 
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FIGURE 5.5.-Maximum generated daily rainfall, 10 
maximums from ten 100-year samples, Elliott Sta
tion, October. 

drop off rapidly to approximately 0.86 for a 
50-square-mile area, the largest difference be
tween the SCS curve and the envelope curves 
determined from the Ahoskie Creek data occur
ring in the region of 30 to 40 square miles, with 
the SCS curve being considerably lower. 

The maximum point-rainfall storm of 12.60 
inches resulted in ratios ranging from 0.34 for 
the 57-square-mile watershed, W-A1, to 0.70 
for the 2.60-square-mile watershed, W-A4. As 
indicated above, this storm has a long-term 
average recurrence probability. 

The Ahoskie Creek rain-gage-network data 
show that the ratios of areal to point rainfall 
should not be less than 0.90 for areas less than 
60 square miles. These data are representative 
of the mid-Atlantic near-coast areas. 

5.1.3.-Time Distribution of 
Storm Precipitation 

The conventional treatment of storm rainfall 
generally considers dimensionless plots of ratios 
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FIGURE 5.6.-Relationship between 	ratio of areal rainfall and point rainfall and area, Ahoskie Creek. 
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FIGURE 5.9.-0bserved and predicted ilistograms for 24-hour rainfall at 2-hour 
intervals, O.25-inch-class width, summer storms, Ahoskie Creek rain gage 3. 

of accumulated precipitation to total storm pre
cipitation, and accumulated time to total storm 
duration. Significant historical storms are used 
to determine seasonal patterns that characterize 
storm types. This type of analysis generally 
results in selection of a significant storm pat
tern to be applied to maximized rainfall 
amounts for time distribution. 

In the present Ahoskie Creek study, storms 

with rainfall equal to or greater than 2.0 inches, 
irrespective of duration, were selected for anal
ysis. Dimensionless plots were made and com
pared to determine if seasonal trends existed. 
Figures 5.7 and 5.8 show dimensionless plot
tings that illustrate the diversity of curves for 
summer .and winter storms, respectively, by 
weighted rainfall for watershed W-Al. Since 
different hydrologic consequences will result 
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FIGURE o.10.-0bserved and predicted histograms for 24-hour rainfall at2-hour 
intervals, O.25-inch-class width, winter storms, Ahoskie Creek rain gage 3. 

from each storm pattern, much is left to be frequency distribution for each time interval 
desired for determining the appropriate storm chosen, a number of distributions can be de
pattern for hydrologic design and test purposes. veloped throughout a storm. Application of the 
Seasonal or storm differences could not be log-normal distribution for hydrologic variables 
differentiated in the analysis. was given in section 5.1.1, as well as the concept 

An alternative procedure was investigated of seasonal continuity of frequency distribution 
for analyzing time distribution of storm rainfall parameters. Now, instead of a frequency-dis
(6). Because rainfall amounts at successive tribution parameter of a hydrologic variable 
time increments for selected storms provide being continuous over a year, the function can 
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be considered to be continuous over the duration 
of a storm. 

The cyclic functions for parameters 0 and k 
in the log-normal distribution could not be used 
in this analysis. Time-dependent functions were 
conceptualized as 

(5.3) 
and 

(5.4) 

where 0 and k are the distribution parameters, 
i is the ith interval from 1 to 12, LCL is the 
lower class limit corresponding to the minimum 
rainfall for selected storms, and all a~, bll and 
b~ are mathematical coefficients evaluated by 
fitting historical data. 

Point-rainfall data were used in the study 
with rain gage 3 (fig. 1.1) of the Ahoskie Creek 
network selected for analysis. The record period 
was from July 1964 through December 1972. 
All storms with rainfall equal to. or greater 
than 1.0 inch in 24 hours were selected and 
considered at 2-hour intervals. Two seasons 
were examined to consider differences in storm 
types: (1) summer, May 1 through September 
30, and (2) winter, October 1 through April 30. 

Accumulated rainfall amounts were used to 
develop histograms at 2-hou.r intervals for the 
24-hour duration. A class width of 0.25-inch 
was chosen in this study. Twelve histograms 
were developed for each season. The storm se
lection criteria resulted in 50 summer storms 
ranging from 2.00 to 5.00 inches, and 35 winter 
storms ranging from 2.00 to 4.50 inches. 

The nonlinear-least-squares method of fitting 
the log-normal distribution was applied to the 
storm data for optimization of the function re
lationships for parameters 0 and k and the 
parameter m for each season. Correspondence 
between the observed and the fitted histograms 
resulted in correlation coefficients of 0.873 and 
0.841 for summer and winter storms, respec
tively. The observed and the fitted histograms 
are shown in figure 5.9 for the summer season 
and in figure 5.10 for the winter season. The 
agreement between the observed and the fitted 
histograms is relatively close, considering that 
the fit is for the 12 distributions simultaneously 
and not any single time interval. 

As in the case with the frequency analysis of 
daily rainfall, this method is particularly 
adapted to the generation of synthetic data. The 

optimized parameters from the fitting tech
nique and random-number generation were used 
to determine synthetic storm data. The data 
represent cumulative rainfall amounts at 2-hour 
intervals. Data sets were generated for 50 
storms each for the summer and the winter 
(tables 5.1 and 5.2). 

The tables show that the storms are not all of 
24-hour duration and that there are periods 
without rainfall, conditions similarly character
istic of the historical data. Compared with the 
historical data, the generated data appear real
istic. These data provide synthetic time-dis
tributed storm rainfall for design and analysis. 

5.2.-STREAMFLOW 

Treatment of streamflow variables in this 
section is made purely on the basis of stream
flow presentation. The section is intended to 
provide information and analyses of a specific 
variable without any reference to interrelation
ships with precipitation or ground-water com
ponents. These interrelations are treated in 
later sections. Methodologies presented in 
earlier sections are cross-refel'enced without 
duplicating the details. 

5.2.1.-Stream£low Volumes for 

Selected Time Intervals 


Annual maximum peak rates and volumes for 
selected time intervals are given in tables A-19 
through A-22 for watersheds W-Al, W-A2, 
W-A3, and W-A4, respectively, for 1964 
through 1972. As noted in section 4.1.2, the 
recording of streamflow at W-A2, W-A3, and 
\V-A4 began July 1, 1964, and l'ecords are 
available for W-A1 for all of 1964. Since the 
greatest peak and volumes of 1964 occurred at 
\V-A1 in October, it is believed that annual 
maximums for the other three watersheds also .occurred in October. 

The time intervals selected for this study 
coincide with those of the hydrologic data pub
lished by ARS (1-3). Volumes are given for 
1,2, 6, and 12 hours, and 1, 2, and 8 days. Units 
for \'olume are in inches and for peak rates are 
in inches per hour. 

The data in tables A-19 through A-22 reveal 
that the 1-hour volume has the same magnitude 
as the peak rate for all watersheds fol' all years. 
Obviously, a peak would not be sustained for 
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TABLE 5.1.-Rainfall of fifty 24-how' synthetic summer storms, at 2-hoU1' intervals, Ahoskie C1'eek min gage 3 

[Inches] 
--""..------- . 

PeriodStorm 
__~__ '~_"v ____ • .,.,.._ 

.~.~-. ~".-.--- . -----------. ....----.-. -~----+ 
NO. l ~ 5 6 7 II 'I 10 11 12 

1 1.~~ 1." , 1."~ 1..... 1.'5 1.62 1.62 1.62 1.E2 2.112 2.112 2.62 
2 1.H 1.5 e 3.1" 3.H 301~ 3.1~ 3.H 3.110 3.1It '3. lit T~"u ~..
l ,21: 1.6~ 1.E5 1.E5 1.(;5 1.65 lof;~ 1.65 1.E5 2.511 2.511 2.511 
~ .5~ .1 , .710 • ~ 1 1.211 1.~5 1.~2 1.911 1.'111 1. '3e 1.911 1.1f! 
5 2.211 2.2 t 2.211 2.211 2.211 2.l'l 2.U 2.61 2.U 2.61 2.61 2.61 
6 1.32 1.32 1.32 1.'15 1.~5 1.95 1. '15 1.95 1.95 1.95 1.95 1.9! 
7 1.32 1." II 1.1t1l 1."11 1.'11 1.51 1.51 1.51 1.51 1.51 1.66 1.66 
II .13 1.20 1.20 1.20 1.!1 2.35 2.35 2.35 2.35 2.n con ron 
'I .llo .~5 .51 1.02 1.02 1.66 1.66 1.66 1.E6 1.117 1.117 1.17 

10 .511 .1~ .1'1 .7'3 1.67 1.67 1.67 1.67 1.67 1.67 1067 1.tl1 
11 .116 .IIE .e6 1017 1.17 1.9l 1.93 1.93 1.'13 1.9l 2.32 2.32 
12 ... 2 1." ~ 1.'5 1. ~5 1.~5 1.105 1.72 1.72 1.72 1.1!! i.~'J

.'l" 1. " 13 .'3' .9 , • 910 1.112 1.112 1.112 2.211 2.52 2.52 2.!!2 2.52 
110 3.51 J.51 3.!H 3.51 3.51 3.51 3.51 3.51 3.51 3.51 3.51 ~ 
15 1.25 1.2~ 1.25 1.25 1.E6 1.66 1.66 3.01 3.07 3.07 3.07 3.07 
16 1.31 1.37 1.37 1. J7 1.37 1.37 1.J7 2.51 2.51 2.51 2.51 3.27 
17 .211 ... a • .,0 <.11 2011 2.11 2.11 2.11 2.11 2.11 2.11 2.71 
111 .27 .53 .53 2.05 2.15 2.05 2.05 2.05 2.0!! 2.05 2.05 2.15 
19 2.01 2.01 2.U 2.01 2. Oi 2.01 2.01 2.01 2.23 2.23 2.23 2.23 
2B 1.11 1.11 1.11 1 • .,0 1.H 2.0ft 2. 0.. 2. Oft 2.0ft 2.0 .. 2.010 -Z .1Ili 
21 .J7 .J7 1.09 1.6~ 1.65 1.65 1.65 1.113 1.113 1.113 1.113 i.1I3 
22 .1111 .11 ! .ell 1.~1 1.~1 1.91 1.'!1 1.91 1.'!1 1.'31 1.'31 1.'31 
23 .78 2.'10 2.'!0 2.'30 2.'10 2.'30 2.'30 2.90 2.90 2.90 2.90 2.90 
2 .. .30 l.a 1.211 1.2! 1.211 2.19 2.1'3 2.19 2.19 2.19 2.19 'l.l ~ 
25 .'31 .q 1 .~1 2.7" 2.7" 2.7" 2.7" 2.7" 2. fit 2.7" 2.7" 2 .710 
ill '3.lIJ 3.1 '3 3.19 3019 '3.19 3.19 3.19 3.19 3.19 3.19 3.19 3.1 '! 
27 .55 .'5! .55 .111 1.15 1.20 2.50 2.50 2.50 2.50 2.50 2.50 
211 .2'3 .7., .710 .110 1.19 1.1011 1."11 1.110 1.110 1.110 1. eo 1.110 
2'1 .." .55 10 all 1.23 1... 1 1."1 1 • .,1 1.101 1.115 1.115 1.115 10115 
31 .01 .23 1 • .,1 2.37 2.37 2.37 2.37 2.37 2.37 2.37 2.37 '2.31 
31 •., !.26 .1011 .57 1.~5 1.95 1.95 1.95 2.31 2.37 2.J7 2.37 n 1.13 1.13 1.13 1.13 1.!!9 1.'S9 1.!!9 1.'S'" I.!!'" 1.!!!! 1.!" i.lI! 
31 .75 .75 .75 1.23 1.23 1.23 1.55 1.55 1.55 1.55 3.311 3.311
3_ 1.27 1.27 1.27 1.21' 1./tE I."" 1..." I."" 1.79 1.7'1 1.7'1 1'7! 
J5 .53 .'1 II 1.29 1.2~ 1.2t; 1.2'3 1.2'1 3.13 3.13 3.13 3.13 3.13 
~t 1.38 1.38 1.311 1.!1I I.!' 1.50 1.50 1.77 1.77 1.77 1.77 1.77 
31 .r. 3 .63 .!3 .711 2.!1o 2.'5" 2.5" 2.510 2.5 .. 2.'5" 2.5" 2.5" n .n .311 .n .8'S 2.3!! 2.35 2.35 2.35 3.100 3.100 3 • .,0 3."0 
J9 .1., .17 1.30 l.e7 1.n 1.117 1.117 1.117 2.E5 2.(;5 2.65 2.1I~ 
10. 3.83 3.81 3.113 3. II 3 3.113 3.83 3.113 3.113 3.113 3.e3 3.113 3.113
.. 1 2.03 2.0 l 2.03 2.03 2.13 2.03 2. 03 2.03 2.03 2.03 2.03 2.03 
H 1.111 1. II I 1.111 l.eo 1.80 1.IIU 2.011 2.01! 2.011 2.011 2.011 2.1~ 
103 .38 1.08 1.111 1.111 1.18 1 • .,9 1... '1 1.90 1.'10 1.'10 1.90 1.90 
II .. .31 .113 .~9 1.26 1.26 1.26 1.26 1.58 1.511 1.511 1.511 1.5 II
.,5 ... 3 1." II 1.'1'5 1.~5 1.li5 1.'1'5 3.20 3.21 3.20 3.20 3.20 3.20
"0 .56 .56 .82 1... '! 1.~'I 1'''9 2.11'1 2.69 2. !9 2.119 2.69 2.6'" 
107 .211 .27 .~II .511 .7" .111 .'1'5 2.05 2.05 2.05 2.05 2.0 '5
118 .08 .11" ..... 1.35 1.70 1.70 1.70 1.70 1.7t! 1.70 1.70 1.70 
.. 9 

-:J n .81 .11 0 2. te 2. te 2.U! 
~ 1. f! 1.6E 1.e7 1.117 1.n 1.87 1.87 1.111 1.87 1.117 2.1" 2.1 .. 

2.!!2 r.!!2 2.~2 2."'2 2.'! !.!! 2.'! 
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TABLE 5.2.-Rainfall of fifty 24-hOll1' synthetic winte1' stonns, at 2-h01L?" intervals, Ahoskie G1'eelc min gage 3 

[Inches] 

Period 
"- ~--'--.---Storm 

NO. 3 ~ 5 6 7 8 9 10 11 12 

1 l.tE 1.6£ I.H, 2.70 2.70 C!.70 2.70 Z.70 Z.70 3.71 3.77 3.77 
2 1.96 1.9£ 1.96 1.~6 1.'36 1.96 2.25 2.25 3.86 3.lIe l.~ :t.n 
3 .2~ .2 ~ 1."9 1.76 2.12 2.53 2.!i3 2.53 2.53 2.71 2.77 2.77 
~ ... e 1.1 ~ 1.1'! 1. l' 1.1'! 1.7'! 2.55 2.~.; 2.5'> 2.55 2.55 2.55 
5 2.1~ 2.1" 2.!9 2.e~ 2.!9 6.30 6.30 6.30 6.30 6.30 6.30 6.30 
6 .3" 3.J' 3.3" !.:!' 3.3" 10.66 10.66 10.66 111.66 111.116 10.66 10 .~t 
7 .71 2.71; 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 z.711 
& 2.911 2.<:1 0 2.'30 2.0;0 2.'::0 2.<:10 2.'30 2.<:10 5.10 5.10 5.111 S .n 
9 ..... ... ~ .e8 1.31 1.~2 1.39 1.97 1. 97 1.97 1 .• 97 1.'17 1.'17 

10 1.02 1.02 ].£8 5.3E 5.36 5.]1i 5.36 5.36 5.36 5.36 5.36 5.:U; 
11 .62 .62 1.0e 1 • .,,0 1.~0 1. 'I 0 1.0;0 1.90 1.'30 1.90 2.60 2.fiG 
12 ].75 J.75 3.75 3.75 3.75 3.75 3.75 3.75 3.75 ].75 3.75 3.75 
13 ... 7 • .,1 .Cl1 3.5 ! 3.5e 3.58 3.58 3.58 3.5& 3.58 3.'58 3.!lIe 
H 1.75 1.7'5 2. !II 2.80 2.80 2.80 2.80 2.110 2.80 ... 73 1i.73 .07~ 

15 2.8e 2.80 2.!0 3.1 0 3.10 3.10 3.10 3.10 3.10 3010 3.10 ].5 ! 
IE .07 .11 5.30 5.JO 5.311 5.30 5.30 5.JO 5.30 5.30 5.30 5.30 
17 3.5E J.5 E J.51i ... 7J ... 13 ... 73 ... 73 ... 73 ... 73 ... 73 ... 73 ... 73 
Ie .J6 .H 1.27 2.80 2.eo 2.80 2.80 2.80 2.80 2.l1li 2.80 2.eo 
19 1.71 1.7.1 3.72 3.72 3.72 3.72 3.72 3.72 3.72 ].72 3.72 3.72 
n .21 .80 .60 3... '3 1."9 3."9 3 ...9 3. "'3 1."9 3."<:1 6."1 5""."1t1" 
21 ].El 3.61 3.£1 7.0'! 7.0'3 7.09 7.09 7.0'1 7.09 7.0'3 7.0'3 7.0ll 
22 1.26 1.2£ 1.21i 1.21i 1.21i 1.77 1.'3'3 1.99 2.05 5.00 5.00 5.00 

5.89 5.!9 5.89 5.8'3 5.8'3 
2.. .107 ... 7 .117 1.0 e 1.71 1.85 1.85 1.85 2.0J 2.03 2.03 2.3e 
25 .7" .82 1.'l3 1.93 1.'3J 2.2J Z.~3 2.23 2.23 2.75 2.75 2.75 
21\ 1 ...6 I SE 1.1J'fi J ... 1 3 • .,1 3."1 3."1 3."1 3."1 3."1 3."1 "i~' 

23 5.89 5.8 ~ 5. !9 5.8'3 5.e'3 5.89 5.89 

27 .7" .7 .. .83 ,.3" 2.3" 2.3 .. 2.3 .. 2.3" 2.3" 2.3&, 2.3.. 2.3' 
28 .21 .It ! ."9 1.32 1.!Z 1.82 ... 85 ".85 ... e5 ... 85 ... 85 ... e, 

6.9629 1.32 1.32 I.Jl 1. J2 1.l2 3.'15 3.95 3.'35 6.'36 6.'36 6.'36 
31 .12 .5'l 1.~5 1.,,0; 1.~'l 1.7~ 2.33 2.33 2.l3 2.33 2.39 2.3'3 
11 .21 .8 e .'15 1.00 1.a2 1.65 2.30 2.30 2.50 2.50 3.16 3.iIi 
n t.!?! 1.!lt I.e?! 1 .I! 2 1.1! t 2.1J t0l3 2.13 2.35 2.35 e.35 2,·* 
J3 ..... .~ ~ • e6 1.0'3 1.0'3 1.62 l.li2 1.£>2 10 95 1.'35 1.95 1.95 
'] .. .li5 .6~ .£7 1.~~ 2.11 2.11 2.20 2.20 2.35 2.91 2.91 7.7E 
35 5.2" 5.2 ~ 5.2 .. 5.2" 5.2" 5.~" 5.'3S 5.<:15 5.'35 t;. '35 5.'35 5.'35 
']! .711 .7 II .7e 101 2 1.75 1.75 e.!e 8.ee iI.e8 e.ile 8.e8 e.08 
37 .21 ... 2 .~7 I.!" 1.~ .. I.S" 3.Jl 3.31 3.31 ... 01 ".01 ... 01 
.lie 1.5'3 1.5'1 1. "lJ9 I. ~c: 1.~~ 1.&5 1. E5 1.65 1.&5 2.21 2.21 2.21 
]II .67 1.5 E 1.62 1.62 1.6, 1. TIt 1.7" 3.1" 3.1" J.llo 3.1" J.l~ 

~a 1.13 1.1 ~ 1.17 1.17 1.21 3.37 3. J7 3.37 3.37 3.37 ....... .. ..... 

I.E5 1.6~ I.E5 l.liS ].'35 ].'35 3.'l5 3.'35 3.95 3.'35 3.'35 ] .9S 

.. 2 7.79 7.1'1 7.79 7.7'3 7.7'l 7.79 7.7'3 7.7'3 7.7'3 7.7'3 7.7'l 7.7'! 

.. ] • 71 1.7 .. 1.7" 2.'33 2.93 '3.6" '3.6" '3.&.. 9.6 .. 9.E" 'l.6" g.6~ 

.... .(" .It .. 1.01i 1.7! 1.7" 1.78 1.78 3.55 3.55 3.55 3.55 ].!!'5 
~5 .33 ... 5 2.71 2.71 2.71 2.71 2.71 2.71 2.71 2.11 2.71 

"1 

,.71 
'Of; ... Ii .11 ~ .a'3 2.2E 3.tE 3.16 3016 3.16 3.16 ~.18 ".le ... 1! 
107 ... 36 ".lE ~.3E ... 3E ".JIi ".3& ".36 ... 36 10.36 ... 3E ... 36 ... 3E 

.'l7 .en 3.30 3.30 3.l0 3.30 3.30 ... 1 e ... 10 .. ole ... le ... 1 ! .." 2.26 2.26 2.26 2.26 2.2£109 .77 2.0 ! 2.0e 2.08 2.08 2.26 2.26 
~u .56 1.2~ 1.25 1.2'5 1.72 1.72 1.72 ... 03 ... 03 ... 01 ... 03 ... 03 

~A 



long periods, but rounding off of the relatively 
small peak values results in the same values 
rounded to hundredths. The tables also reveal 
that the 2-hour volumes are exactly twice the 
I-hour volumes for all watersheds for all years, 
except 1972 for W-Al, 1966 for W-A2, 1967 
for W-A3, and 1969 and 1972 for W-A4. These 
exceptions are due to rounding, and for all 
practical purposes the I-hour volumes in inches 
are equivalent to the instantaneous peak in 
inches per hour. Likewise, the .2-hour volumes 
are twice the I-hour volumes. 

Ratios of observed volume to extrapolated 
volume were determined for 6, 12, and 24 hours 
according to the following formulas: 

6-h observed 12-h observed and 
3 X.2 h observed' 2 X 6 h observed' 

24-h observed 
2 X 12 h observed' 

Ratios were determined for all watersheds for 
all years, and averages were determined for 
each watershed for each time interval (fig. 
5.11). The points do not fit the smooth lines on 
the semilog paper, and therefore straight lines 
were drawn to connect the points. The plotted 
points do show influence of size of area, as 
expected. Ratios for 2-day and 8-day volumes 
were considerably lower with less consistency 
than shown in figure 5.11. These data indicate 
that Coastal Plain watersheds larger than about 
60 square miles, with improved channels, pro
duce long-duration flat hydrographs. Daily 
volumes are essentially equal to 24 times the 
instantaneous peak discharge. The influence of 
area on hydrograph shape can be inferred from 
the data in the figure. 

Streamflow volumes for 24-hour periods are 
significant in hydraulic design. Frequency anal
ysis of historic annual series is one method of 
estimating flood volumes for various return 
periods. Several methods of frequency analysis 
and several distributions have been used in 
hydrology. The Gumbel procedure for fitting 
the Fisher-Tippett type I distribution (12) was 
used to fit the annual series of 24-hour stream
flow for watershed W-A1, for 1964 through 
1972. The data were plotted on Gumbel extreme 
value paper (fig. 5.12). As indicated by the 
dashline, 7 of the 8 years closely approximate a• straight line. However, the 1964 annual maxi
mum was 60 percent larger than the second 
highest value, and the least-squares line for all 
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FIGURE 5.11.-Ratios of observed to extrapolated dis
charge for selected time intervals, Ahoskie Creek. 
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FIGURE 5.12.-Fisher-Tippett t~pe I distribution, an
nual maximum 1-day streamflow, watershed W-A1 
(1964-72) . 

data is greatly different from the line for 7 
years. The one extreme point, which often may 
occur in a short period of record, shows why 
short-term records do not provide good esti
mates for design purposes. 

The solid line in figure 5.12 shows that the 
1964 storm would have an estimated average 
recurrence interval of approximately 17 years. 
An extension of the dashline would indicate the 
1964 storm had an approximate 50-year recur
rence interval. This comparison shows that the 
short-term records for Ahoskie Creek do not 
justify frequency analysis. 

39 



4,~--------------------------------' 

"iii 
~ '" u 
c: 

w 3 
(!)
a:: 
<X 
:I: 
U 
(/) 

o 2 

~ 

~ 
~ I 

..--Observed Maximum 
x 

::!: 
x 
<X 
::!: 

o 2 

100 50 

4 6 8 
RANK IN 100 ITEM SAMPLE 

33.3 25 20 16.7 14.3 12.5 11.1 

10 

10 
RETURN PERIOD (years) 

FIGURE 5.13.-Generated maximum daily discharge for 
January, 10 maximums from 10 samples of 100 
items, watershed W-Al. 
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FIGURE 5.14.-Generated maximum daily discharge for 
April, 10 maximums from 10 samples of 100 items, 
watershed W-Al. 

An alternate method of frequency analysis 
was used to study daily streamflow voltlmes. 
The nonlinear-least-squares method of fitting 
the log-normal distribution was presented in 
section 5.1.1, as well as the concept of season
ally continuous cyclic functions of distribution 
parameters. By means of the seasonally contin
uous functions, monthly data could be analyzed, 
as opposed to the normally used annual series. 

The 22-year, 1951 through 1972, record for 
watershed W-A1 was used with the fitting and 
generation techniques. Monthly maximum mean 
daily discharge values (table A-27) , ('x]1l'essed 
in volume, were used in the study. The data 
were fitted and parameters optimized with a 

40 

6~----------------------------------~ 

5 

"iii 
'" ~ u 
~ 
w 4 
(!)
a:: 
<X 
:J: 
U 
(/) 

o 3 

~ 
<X o 

~ 2 
::!: 

~ 
[ObSerVed Maximum 

~ 

XI· • 

I 

o 2 4 6 8 10 
RANK IN 100 ITEM SAMPLE 

100 50 33.3 25 20 16.7 14.3 12.5 11.1 10 
Ri:TURN PERIOD (years) 

FIGURE 5.15.-Generated maximum daily discharge for 
July, 10 maximums from 10 samples of 100 items, 
watershed W-Al. 

correlation coefficient of 0.940, which is good, 
considering that the fitting was simultaneous 
over the 12 months, as opposed to a best fit for 
any individual month. 

The optimized parameters were used with the 
generating technique, and ten 100-year sets of 
monthly streamflow volumes were determined. 
The 10 largest values in each set for each month 
were abstracted, ordered by rank, and plotted. 
Since the distribution parameters 0 and k are 
seasonally continuous cyclic functions, four 
months were selected to represent the results: 
January, April, July, and October, which cor
respond to the quarter-point selections in daily 
rainfall analyses (sec. 5.1.1). The generated 
data for the four months are shown in figures 
5.13-5.16. 

In viewing the figures, three points should be 
made. First, these data were generated with 
parameters from a 22-year record. The figures 
show little spread in the data representing re
turn periods up to 25 years, but for longer 
return periods the data ranges increase. Second, 
the obsel'\'ecl maximums are plotted at the 22
year return period since it is rank 1 in a 22-year 
record. This does not imply that it represents 
a 22-yeal' return period. The third and most 
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FIGURE 5.16.-Generated maximum daily discharge for 
October, 10 maximums from 10 samples of 100 
items, watershed W-Al. 

significant point is that there is not a single 
value for anyone return period, that is, neither 
a 100-year volume nor a 10-year volume exists. 
Instead, there is a range of values for any 
return pedod, in the figures shown, 10 values 
for each return period. These values would be 
different if 10 more sets of 100-year data were 
generated. Planners and designers who use 
frequency data should note this point. These 
studies point out the value of long-term data 
for frequency analysis. The 9-year data, after 
the channelization of the Ahoskie Creek water
shed, are insufficient for frequency study. 

5.2.2.-F.requency of Peak Flow Rates 

Annual maximum instantaneous peak rates 
are given in tables A-19 through A-22 for 
watersheds W-Al, W-A2, W-A3, .and W-A4, 
respectively. Tables A-23 through A-26 give 
the monthly maximum instantaneous peaks for 

~ the fOUl' watersheds, and tables A-27 through 
A-30 contain the monthly maximum mean daily 
discharge for each of the watersheds. 

Design of many hydraulic structures is de
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FIGURE 	 5.17.-Fisher-Tippett type I distribution, an
nual maximum peak discharge, watershed W-A1 
(1964-72). 

2500 I I I I • I 

1 I 
~ 

II> 

~2000-~ 
w 
(!)
a:: 
<! 1500I 
U 
en 
0 

~ 1000 
<i 
0 

Z 
<! 
W 

500~ 

/,.".. 
•• 

,/ 
~.. 

/• -

-

if 

2 5 10 20 50 
RETURN PERIOD (years) 

FIGURE 5.18.-Fisher-Tippett type 1 distribution, an
nual maximum mean daily discharge, watershed 
W-A1 (1951-72). 

termined by the peak discharge rate expected 
for some average recurrence interval. In section 
5.2.1, Gumbel's simplified procedure (12) was 
appl.iec1 to the short-term annual maximum 1
day volumes for watershed W-Al, as well as to 
the annual maximum instantaneous rates of 

(Continued on page 44.) 
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FIGURE 6.19.-Ground-water hydrographs, Quaternary aquifer (1968-72). 
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FIGURE 5.20.-Ground-water hydrographs, Yorktown aquifer (1968-72). 
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discharge for the watershed. The data are 
shown in figure 5.17 for 1964 through 1972. 
The short-term peak-rate data did not fit the 
extreme value distribution as shown in the fig
ure, but this was expected from the discussion 
of the relationships between peak rates and 1
day volumes in section 5.2.1. Just as with the 
volume data, the 1964 annual peak discharge 
would have different projected recurrence in
tervals depending upon how the data were used. 
The 1964 peak rate was 52 percent greater than 
the second largest peak for 1964 through 1972. 
The peak-producing event in 1964 was a tropi
cal storm, and thus actually represents a dif
ferent population than do the other storms. 

Instantaneous peak-discharge data are not 
readily available for 1951 through 1963 for 
watershed W-A1, but mean daily-discharge 
data are published for the period (23, 24). 
Monthly maximum mean daily-discharge data 
are shown in table A-27 for watershed W-A1 
for 1951 through 1972. The 22 annual maxi
mums were plotted on Gumbel extreme value 
paper (fig. 5.18). The data approximate a 
straight line more closely than the short-term 
values (fig. 5.17). Again, the 1964 storm is the 
largest and plots above the regression line. 
However, another tropical storm in 1960 pro
duced the second largest mean daily discharge 
in the 22-year record. The 1964 storm discharge 
is only 13 percent greater than that of the 1960 
storm. Extension of the least-squares line of 
figure 5.18 would indicate a return period of 
approximately 50 years for the 1964 storm and 
24 years for the 1960 storm. The value of long
term records for frequency analysis is empha
sized by the relative results shown in figures 
5.17 and 5.18. 

In view of the findings in the frequency anal
ysis of short-term peak-rate data for watershed 
W-A1,frequency analyses were not made for 
watersheds W-A2, W-A3, and W-A4. Tables 
A-20, A-21, and A-22 reveal extremes for these 
watersheds similar to those of W-A1. 

5.3.-GROUND WATER 

The Quaternary deposits (surficial Pleisto
cene) receive direct recharge from precipita
tion and show a quick ground-water response. 
The recharge and recession pattern of the wells 
in the surficial aquifer shows in general a 
similarity to well 2 (Yorktown), which receives 

direct recharge from precipitation. The general 
seasonal pattern of the recharge and recession 
for the surficial materials and the Yorktown 
is similar. Well 1 shows the greatest water
table fluctuation. The shallow wells are re
charged to within 6 to 8 feet of the ground 
surface throughout the year, and for two-thirds 
of the time they are recharged to within 2 or 3 
feet of the ground surface (fig. 5.19). In other 
words, this aquifer could hold but little more 
ground water in storage, and the effective re
charge head on the Yorktown could be raised 
only a few feet. 

The Yorktown Formation does not show as 
pronounced a response to individual storms as 
do the Quaternary sediments. Well 2 in this 
formation shows the quickest response (fig. 
5.20). This well is updip from wells 5 and 7, and 
recharge occurs directly to the Yorktown rather 
than through the surficial-Pleistocene deposits. 
The Yorktown wells recharge during early win
ter, and in general are totally recharged by 
midwinter. Recession begins in early to mid
summer, reaching a low in September and Octo
ber. The yearly fluctuations for well 2 varied 
from 6.4 feet in 1968 to 3.0 feet in 1969, well 5 
varied from 5.4 feet in 1968 to 4.2 feet in 1969, 
and well 7 varied from 7.2 feet in 1968 to 5.7 
feet in 1969 (fig. 5.2:0). The maximum monthly 
decline occurred in September 1968 in all three 
wells, and the maximum recharge occurred in 
October and November 1971 (fig. 5.20). In 
general, the Yorktown maximum and minimum 
monthly stages closely parallel each other. The 
ground-surface elevation of well 2 (table A-7) 
is 70.1 feet above mean sea level. Because the 
Yorktown in this area is not confined, the 
ground-water table cannot exceed this elevation 
without free water standing on the surface. The , 
relation between downdip wells 5 and 7 and 
updip well 2 shows that the aquifer is recharged 
first in the area of well 2 during the early 
winter recharge pedod. 

Water-table fluctuations in the Tuscaloosa 
were minor. The maximum stage change for the .. 
entire period was 2 feet (fig. 5.21). Recharge 
does not start until February and continues 
slowly until May, which is later than the shal
lower overlying aquifers. In the wet year, 1969, 
the recharge of this aquifer was not signifi
cantly different from the ~'ears before and • 
after. Apparently, the greatest recharge in this 
area, approximately 1 foot, was in 1970, which 
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was a drier year than 1969. It is infened, 
therefore, that this aquifer does not receive sig
nificant ground-water recharge in the Ahoskie 
Creek area. No ground,.water wells were cased 
in the Beaufort Formation, and so it is not 
known if this formation received recharge in 
this .area. 

Average values of specific capacity by aqui
fers (fig. 2.1) were 1.98 gal/min/ft drawdown 
for the Quaternary surficial sands, 4.31 gal/ 
min/ft for the Yorktown, 0.29 gal/min/ft for 
the undifferentiated Upper Cretaceous, and 1.4 
gal/min/ft for the Tuscaloosa. In general, the 
Yorktown Formation specific capacity values 
were fairly high, indicating that recharge can 
occur. This recharge is partially controlled in 
many areas of the watershed by the overlying 
Quaternary sands and clays, but where they are 
absent recharge occurs directly to the York
town. 'the specific capacity and storage avail
able within the Yorktown further controls re
charge: when the storage is not available, as 
during the wet season, recharge cannot occur. 

Quaternary sediments also have a fairly high 
specific capacity, making water available for 
the recharge of the deeper aquifers and pro
viding ground water for return to streamflow. 
However, they cannot recharge more ground 
water to the Yorktown and deeper aquifers than 
the available unsaturated storage. These Qua
ternary sediments often have been removed, 01' 

the thickness reduced by erosion, or never de
posited. The Yorktown in these cases receives 
direct recharge. Specific capacities for the 
deeper formations below the Yorktown are gen
erally lower than for the shallower formations. 

5.3.1.-Ground-Water Response to 
Precipitation 

Within the shallow sediments, ground-water 
response to precipitation always occurs within 
2 days. Well 4 shows a greater elevation re
sponse to individual storms and a more pro
nounced seasonal variation than do wells 1 and 
6. Well 6, which is closer to the channel, does 
not show a great range of response, and the 
maximum range of the water table is much less. 
\Vells 1 and 4 respond similarly. 

The Yorktown Formation outcrops at the 
ground surface in the upper watershed in the 
area of well 2 and dips at a rate of approxi
mately 6 feet per mile. Well 2 shows a response 

to indivldual storms, recharging to within a 
foot of the ground surface every year during 
the study. Only during late summer, when rain
fall is low and evapotranspiration is high, does 
the water table drop (maximum 5 feet). Wells 
5 and 7 show only a seasonal response and a 
delayed response to well 2. Because well 5 is 
approximately 5 miles downdip, the elevation 
is approximately 30 feet lower, delaying the 
response to precipitation. 

The Tuscaloosa (well 8) shows neither a sea
sonal nor an individual storm response, and 
does not receive any recharge in the Ahoskie 
Creek area. The recharge area lies to the west. 

The time lag between the day of rainfall and 
the day of well hydrograph peak was deter
mined for all wells in the study area. Linear 
correlations of the lag times were made between 
wells in the same aquifer and between aquifers. 
Linear correlation coefficients of lag times be
tween wells in the Quaternary aquifer were 
greater than coefficients between wells in the 
Yorktown aquifer (table 5.3). 

Wells 4 and 6 are in the shallow phreatic 
aquifer, and the total aquifer thickness of these 
two wells is approximately equal. They should 
respond at about the same time and have a high 
correlation coefficient, the only difference 
being rainfall distribution between the well 
sites. Since the Yorktown wells are in a semi
artesian aquifer and since wells 5 and 7 are 
downdip from ,veIl 2, the correlation coeffi
cients for these wells are, as expected, lo,ver 
than those of wells 4 and 6. The higher corre
lation coefficient between wells 2 and 4 results 
from the Yorktown outcropping at the surface 
and receiving direct recharge in the area of 
well 2. 

The analyses of the lag times between pre
cipitation and ground-water hydrograph peaks 

TABLE 5.3.-Well response 'Within and bet~veen 
aquifers 

CorrelationComparison Well Nos. 
coefficients 

Within aquifers: 
yorktown ................... 2,15 0.7641 

Do ..................... '" 2,7 .6852 
Quaternary. . . . . . . . . . . . . . . .. 4,6 .8224 

Between aquifers ............. 2,4 .9438 
Do ..................... 5,4 .6500 

1 Correlation coefficient of well 5 to 2 hydrograph 
peak. 
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clearly show the difference in response between 
the two aquifers. Analysis by calendar quarter 
shows that the Quaternary aquifer response 
lags precipitation by 1 to 2 days and that the 
Yorktown aquifer lags precipitation by 2 to 4 
days (fig. 5.22). Well 2 in the Yorktown shows 
a quicker response than wells 5 and 7, which 
are downdip in the Yorktown. Well response 
to weighted rainfall for watershed W-Al is 
similar to the response to weighted rainfall for 
watershed W-A2, except during the fourth 
quarter. 

The monthly response shows that the greatest 
ground-water lag is in October and November, 
with a second high-lag period in April and May 
(fig. 5.23). All wells are located at distances 
such that the recharge or ground-water re
sponse in the wells is not affected by the chan
nel system. This means that the runoff that 
occurs in the period between the time of pre
cipitation and the time of ground-water re
sponse probably is not in any case available for 
aquifer recharge. The streamflow during the 
time less than the lag is primarily composed 
of direct runoff plus the ground water that 
returns as streamflow from the shallow aquifer 
in the immediate area adj oining the channels. 
None of the wells are located in the immediate 
area of the channels. 

5.3.2.-Ground-Water Response to 
Streamflow 

Hydrograph peaks of ground-water wells lag 
behind the peaks of the streamflow hydro
graphs. The relative response of the wells with 
respect to streamflow shows the distinction be
tween aquifers, as did the well response to pre
cipitation. Peaks of ground-water wells in the 
Quaternary lag streamflow peaks by less than 
1 day, and in the Yorktown by between 1 and 
3 days (fig. 5.24). This time is less than the 
lag for precipitation. Downdip response in the 
Yorktown is shown better on the monthly plot 
(fig. 5.25) than on the quarterly plot. The 
greatest lag is in October and May, and the 
least lag during the wet seasons. 

5A.-DURATION AND 
MOVING AVERAGES 

Duration studies are based upon data ar
ranged in order of rank. The term duration 
has evolved primarily from streamflow studies. 
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FIGURE 5.22.-Time lag from rainfall to ground-water 
peaks, by calendar quarter. 

Duration implies the length of time flow is 
above 01' below a selected amount. In practice, 
duration is normally limited to a study of the 
recorded extremes of the highest or lowest 
flows. With selected data in ranked order, com
parisons can be made by rank across different 
data sets. Ranked values may highlight differ
ences across watersheds or changes with time 
in a particular watershed. 

Duration studies are closely allied to statisti
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E'IGURE 5.23.-Time lag from rainfall to ground-water 
peaks, by month. 

cal frequency analysis. If the data were 
grouped into classes, the probability of OCCU1'

rences could be determined. Duration studies 
emphasize the comparisons of extremes in re
corded data without assigning specific probabil
ities to future expectation. When so organized, 
duration studies can be directed toward mete
orological data, as wel! as toward hydrologic 
and geohydrologic data. 

Because data placed in rank order for dura
tion studies lose their individuality with regard 
to the time of occurrence, moving averages are 
more suited to the portrayal of time trends than 
are rank numbers. Moving averages must be 
defined with regard to the time over which the 
average is computed, and with regard to the 
location within the record. Time location can 
mean the placement within the total length of 
record, or the relative placement, such as within 
the year. The relative placement was used in 
this report to define seasonal patterns. 

The unit of data was a 5-day average, and a 
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FIGURE 5.24.-Time lag from streamflow to ground
water peaks, by calendar quarter. 

year of record is made up of 73 sequential units 
of data. Averages can be computed for longer 
periods from the 5-day averages. In this report 
averages were computed for each 5-day incre
ment to 30 days. Each of the 73 periods making 
up a year serves as the beginning period for 
either duration 01' moving-average studies, and 
so fol' each data set a total of 438 (6 X 73) 
durations were computed. Also plotted were 18 
seasonal moving-average graphs that used the 
mean and the median of the durations for each 
of the 73 annual beginning periods. 
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Since the total number of duration and mov
ing-average computations is too large for pres
entation in this report, only the 5-day perio:is 
near January 1, April 1, July 1, and October 1 
and the averaging periods of 5, 10, and 30 days 
are included. Duration and moving-average 
studies for precipitation, for streamflow, and 
for ground-water elevation will be presented on 
this basis. 

In the following sections two bask record 
periods are considered. The period of June 1, 
1951, through December 31, 1962, will be con
sidered pretreatment for rainfall and stream
flow, and the period of July 1, 1964, through 
December 31, 1972, will be considered post
treatment. Pretreatment rainfall data are 
limited to the Elliott Station, pretreatment 
streamflow data are limited to watershed W
AI, and data on ground-water stages are avail
able only for 1968 throngh 1972 in the 
posttreatment period. 

SA.I.-Precipitation 

In the following section "precipitation dura
tion" is used in the same context as "stream
flow duration." No meaning of length of rain 
during a storm is implied. The precipitation 
data presented in this section are mean daily 
values for the 5-day unit. 

5.4.I.I.-DURATION 

The point rainfall from the cooperative-ob
server gage, Elliott Station (fig. 1.1), and the 
watershed weighted rainfall were used in the 
duration studies. A total of six data sets were 
studied: (1) Elliott Station (point), June 1, 
1951, through December 31, 1962, (2) Elliott 
Station (point), July 1, 1964, through Decem
ber 31, 1972, (3) watershed W-Al (weighted), 
July 1, 1964, through December 31, 1972, 
(4) watershed \V-A2 (weighted), July 1,1964, 
through December 31, 1972, (5) watershed W
A3 (weighted), July 1, 1964, through December 
31,1972, and (6) watershed W-A4 (weighted), 
July 1, 1964, through December 31, 1972. 

In order to compare streamflow data for the 
period before and after channelization, it was 
necessary to use consistent precipitation data 
for the two periods (data sets 1 and 2 above). 
To compare watersheds W-Al, W-A2, W-A3, 
and W-A4, it was necessary to use data sets 3 
through 6. Tables 5.4 through 5.7 summarize 
the 5-, 10-, and 30-day averagil}g periods for 
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FIGURE 5.25.-Time lag from streamflow to ground
water peaks, by month. 

the six data sets for the selected beginning 
periods. January represents the period during 
which evapotranspiration is low, ground water 
is recharging, and streamflow is increasing. 
April has moderate evapotranspiration, high 
ground water, and high streamflow. July is 
the time of high evapotranspiration, deplet
ing ground water, and decreasing streamflow. 
October is the period of moderate evapotran
spiration, depleted ground water, and low 
streamflow. 

Interpretation of the precipitation-duration 
tables will be limited to the low-rainfall ex
h'emes because the hydrologic records are too 
short to smooth the erratic occurrences of high
rainfall extremes. Small differences in average 
daily amounts may be significant in considering 
low-rainfall extremes. Most emphasis will be 
placed on the 30-day averaging period. 

Table 5.4 shows that rainfall was greater 
before treatment than after treatment for the 
averaging period beginning January 1. For ex
ample, in the 30-day averaging period the low

(Contin1£ed on J)etge 53.) 
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TABLE 5.4.-Precipiiaiion dW'ation by ol'de?'ed (tvemges
J 

1Je1'iod beginning 
JCLnUCi1'Y 1 

CiYlean daily value in inches] 

Elliott StationRank W-A1 W-A2 W-A3 W-A4
1951-62 1964-72 (1964-72) (1964-72) (1964-72) (1964-72)

~ --~"-- _._--- ...."""'.....

5-day averaging period 
~- ....,..- ~-~"""-""-.-

1 0.210 0.172 0.142 0.152 0.162 0.148
2 .146 .138 .138 .142 .144 .136
3 .106 .082 .106 .074 .090 .116
4 .106 .046 .054 .042 .052 .072
5 .040 0 .028 .034 .032 .0286 .030 0 0 0 0 07 .020 0 0 0 0 08 0 0 0 0 0 09 0 0 0 0 0 010 0 


11 0 

~~-~------~..- -"-~-

10-day averaging period 
~--~-~-.... --."'"--.-----~.-

1 0.275 0.251 0.158 0.182 0.204 0.1542 .163 .139 .137 .137 .142 .145
3 .123 .107 .116 .121 .126 .115
4 .096 .099 .081 .080 .087 .0895 .095 .069 .059 .061 .059 .0586 .073 .064 .053 .037 .045 .0507 .066 .019 .016 .012 .016 .0228 .047 0 0 0 0 09 .024 

10 .020 
11 0 

- ... _ -.__.~._._••~"u~_ ••• __ ._._~ 

'--,--~ ..--- .......... -•....,. 

::lO-day averaging period 
---~.-.- .. 

1 0.292 0.178 0.172 0.175 0.170 0.1742 .209 .169 .155 .165 .168 .1313 .162 .143 .117 .117 .123 .1254 .142 .116 .111 .106 .118 .1135 .105 .104 .092 .091 .088 .1026 .093 .098 .089 .084 .084 .0787 .090 .048 .049 .049 .050 .0628 .069 .046 .OH .044 .047 .0359 .060 
10 .059 
11 .057 

", .".---.,.~~--.~-~. .. - .. - "~, - --. 
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5.5.-Prec'ipita.tion duration by o?'de'red (wemges, period beginning TAB!.E 
April 1 

[Mean daily value in inches] 

Elliott Station W-A1 W-A2 W-A3 W-A4 
Rank 

1951-62 1964-72 (1964-72) (1964-72) (1964-72) (1964-72) 

5-day averaging period 

1 
2 
3 
4 
5 
6 
7 
8 

0.370 
.306 
.106 
.082 
.056 
.046 
.046 

0 

0.440 
.256 
.038 
.020 
.014 

0 
0 
0 

0.268 
.128 
.116 
.068 
.020 

0 
0 
0 

0.234 
.146 
.124 
.058 
.020 

0 
0 
0 

0.224 
.146 
.110 
.044 
.020 

0 
0 
0 

0.356 
.176 
.120 
.082 
.016 

0 
0 
0 

9 0 
10 0 
11 0 

10-day averaging period 

1 
2 
3 
4 
5 
6 
7 
8 

0.258 
.220 
.091 
.090 
.072 
.063 
.041 
.033 

0.275 
.179 
.091 
.062 
.053 
.041 
.011 
.007 

0.198 
.191 
.116 
.077 
.052 
.039 
.039 

0 

0.194 
.171 
.126 
.077 
.056 
.043 
.034 

0 

0.193 
.170 
.112 
.087 
.054 
.050 
.039 
.010 

0.258 
.208 
.159 
.074 
.049 
.042 
.041 

0 

9 .033 
10 .008 
11 0 

30-day averaging period 

1 
2 
3 
4 
5 
6 
7 
8 

0.223 
.143 
.116 
.113 
.111 
.082 
.078 
.076 

0.184 
.140 
.124 
.088 
.087 
.044 
.044 
.040 

0.156 
.104 
.096 
.095 
.083 
.050 
.030 
.029 

0.149 
.105 
.103 
.099 
.072 
.048 
.034 
.027 

0.144 
.120 
.117 
.095 
.068 
.055 
.042 
.032 

0.190 
.117 
.112 
.106 
.076 
.072 
.041 
.027 

9 .071 
10 .046 
11 .025 
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TABLE 5.6.-Precipitation d1tration by o'rdered (we'mges, pe?-iod beginning 
July 1 

[Mean daily value in inches] 

Elliott Station W-A1 W-A2 W-A3 W-A4
Rank 

1951-62 1964-72 (1964-72) (1964-72) (1964-72) (1964-72) 

5-day averaging period 
-----

1 0.538 0.372 0.388 0.490 0.516 0.380 
2 .434 .296 .238 .194 .282 .294 
3 .124 .280 ;204 .192 .242 .214 
4 .080 .176 .198 .174 .204 .180 
5 .060 .152 .160 .172 .198 .176 
6 .050 .142 .142 .132 .174 .170 
7 .048 .122 .136 .132 .108 .084 
8 .016 .106 .014 0 0 .020 
9 .014 0 0 0 0 0 

10 0 
11 0 
12 0 

10-day averaging period 

1 0.311 0.399 0.379 0.331 0.348 0.478 
2 .305 .279 .311 .329 .314 .363 
3 .276 .244 .235 .261 .280 .256 
4 .269 .200 .199 .202 .265 .256 
5 .225 .197 .195 .159 .224 .216 
6 .167 .196 .157 .142 .192 .192 
7 .110 .113 .134 .123 .173 .120 
8 .094 .071 .018 .009 .013 .027 
9 .087 .002 .009 .008 .007 ,010 

10 .078 
11 .062 
12 .049 

30-day averaging period 
.".-------,,--------------~"-- ..--'- -"---_......_-_ 

1 0.336 0.267 0.269 0.272 0.275 0.338 
2 .210 .248 .253 .235 .261 .264 
3 .164 .235 .246 .235 .245 .237 
4 .162 .222 .234 .226 .183 .218 
5 .156 .155 .216 .188 .179 .210 
6 .143 .141 .170 .138 .147 .200 
7 .133 .124 .155 .135 .134 .189 
8 .123 .114 .124 .120 .101 .173 
9 .113 .067 .057 .050 .045 .063 

10 .103 
11 .098 
12 .098 
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TABLE 5.7.-P)·eC'i1Jitai'ioll du'ration by o1'de1'ed avemges, period beginning 
Octobe1' 1 

[Mean daily value in inches] 

Rank 
Elliott Station 

1951-62 1964-72 
W-A1 

(1964-72) 
W-A2 

(1964-72) 
W-A3 

(1964-72) 
---. 

W-A4 
(1964-72) 

5-day averaging period 
..-----~ ..... 

1 0.528 1.220 1.236 1.182 1.174 1.310 
2 .432 .426 .748 .692 .628 1.068 
3 .390 .314 .322 .338 .312 .232 
4 .132 .294 .242 .238 .242 .196 
5 .040 .216 .110 .126 .152 .084 
6 .014 .188 .108 .122 .136 .066 
7 0 .060 .006 .016 .088 0 
8 0 .014 0 0 0 0 
9 0 0 0 0 0 0 

10 0 
11 0 
12 0 

10-day averaging period 

1 0.439 0.708 0.692 0.668 0.675 0.724 
2 .375 .652 .589 .600 .583 .552 
3 .245 .314 .377 .349 .316 .522 
4 .222 .278 .338 .276 .267 .412 
5 .195 .182 .164 .164 .181 .167 
6 .118 .147 .092 .087 .096 .098 
7 .066 .095 .055 .063 .076 .042 
8 .062 .094 .054 .061 .068 .033 
9 .037 .030 .003 .008 .044 0 

10 .024 
11 .020 
12 0 

30-day .averaging period 

1 0.425 0.398 0.381 0.371 0.377 0.375 
2 .226 .266 .246 .247 .238 .224 
3 .176 .178 .140 .140 .137 .222 
4 .146 .166 .137 .127 .133 .165 
5 .116 .124 .134 .122 .119 .115 
6 .092 .111 .120 .119 .112 .105 
7 .088 .056 .048 .058 .070 .033 
8 .085 .042 .031 .029 .032 .023 
9 .080 .032 .025 .026 .028 

10 .053 
11 .033 
12 .014 ----- ~-----..-.-..-----~-~ 
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FIGURE 5.26.-Median 5-, 10-, and 30-day rainfall, 

Elliott Station (1951-62). 


est mean daily value was 0.057 inch before 
treatment. Two values during the 8 years of 
record after tl·eatment were below this amount, 
but the median values are not greatly different. 
Also, the first-rank value of 0.292 inch before 
treatment appears disproportionately high. 
Little difference can be noted between the 
Elliott Station and \\'atershed average rainfall 
jn the 30-clay averaging period, as is also the 
case with the 10- and 5-day averaging periods. 
However, the number of years with zero rainfall 
in this particular 5-day period prevents simple 
comparisons. 

In table 5.5, the 30-day averaging period 
beginning April 1 also shows more rainfall be
fore treatment than after treatment. Before 
treatment, the two lowest amounts were 0.0.1(; 
inch or less; after treatment:) out of 8 years 
were 0.044 inch or less, and median values 
again do not differ greatly. Point rainfall and 
rainfall at watershed W-A4 appear high for 
the 5-day and 10-day averaging periods, but 
for 30-day averaging the \'altles for ftll water
sheds are more uniform. 
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FIGGRE 5.27.-':'\ledian 5-, 10-, and 30-day rainfall, 
Elliott Station (1964-72). 

In table 5.6, the pretreatment and the post
treatment rainfall amounts fOl" July seem about 
the same. The median value for posttreatment 
is slightly higher, but this value is balanced by 
the low value of 0.067 inch for the driest year. 
Preci pitation on watershed W-A4 is high com
pared to the average of the other areas and 
compared to the point rainfall at the Elliott 
Station. 

Table 5.7, showing precipitation averages for 
October, contains a large range of values from 
wet to dry years in both before- and after
treatment periods at the Elliott Station. The 
30-clay averaging period shows that the median 
value is higher for the posttreatment period but 
not much different in the drier years. Averages 
are nearly the same for all watersheds and the 
point rainfall at the Elliott Station. 
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FIGURE 5.28.-Median 5-, 10-, and SO-day rainfall, 
watershed W-A1 (1964-72). 

5.4.1.2.-MOVING AVERAGES 

Tabulated duration data cannot be presented 
for all seventy-three 5-day :'eriods of the year, 
but a clear depiction of the season-to-season 
pl'ogression of precipitation can be given graph
ically. Such graphs, showing median values for 
each duration for the 73 annual periods, and 
for 5-, 10-, and 30-day averaging, were plotted 
for the 6 data sets listed in section 5.4.1.1. 

Figures 5.26 and 5.27 show pretreatment and 
posttreatment moving-average precipitation 
values for the Elliott Station. Five- and ten-day 
averaging periods are too short to smooth the 
natural 1'andom occurrence of l'ainfall, but the 
30-day averaging produces acceptably smooth 
values. These averaging periods confirm that 
l'ainfall was lower during the posttreatment 
period: winter and summer highs of precipi
tation, as well as the autumnal low of precipita
tion, were all lower. 

54 

5-DRY 


Cf) 

l..t... 
I 
U 
Z 

ID-DRY 

-l 

-l Cf) 

a: w 
l..t... :c 
z u 

- z 

a: 
0::: 

3D-DRY
0.4 1 

0.3 
Cf) 

w 
:c 0.2 
z 
u 

O.l~ 
0.0 J I'D 20 30 4'0 50 6'0 70 8'0 

BEGINNING 5-0AY PERIOD 
'J'R S'O'N'Q'J'F'MR'M'J' 

FIGURE 5.29.-Median 5-, 10-, and 30-day rainfall, 
watershed W-A2 (1964-72). 

Figures 5.28-5.31 contain the moving aver
ages of precipitation averaged over each water
shed in the posttreatment periods. All four 
watersheds show simila,r seasonal patterns and 
consistent magnitudes. Comparison of these fig
ures with figure 5.27, point rainfall for the 
same period, reveals some differences. Although 
the seasonal patterns are identical, winter and 
spring rains are higher at the Elliott Station. 
The summer high and autumnal low of precipi
tation are about the same for the network of 
gages and for the Elliott Station. 

5.4.2.-Streamflow 

Streamflow-duration and moving-average 
studies were used to establish base-streamflow 
values and seasonal variability of flo\vs. Dif
ferences in base flows before and after chan
nelization on watershed W-Al can be 
investigated, and differences for the four 
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FIGURE 5.30.-Median 5-, 10-, and 30-day rainfall, 
watershed W-A3 (1964-72). 

watersheds can be noted for the period of 
record after channelization. 

S.4.2.1.-DURATION 

Five streamflow records were processed for 
duration studies. The total number of duration 
data sets calculated was 2,190, resulting from 
6 averaging periods for 73 different beginning 
periods for the 5 streamflow records. Only a 
few of these will be discussed. 

Tables 5.8 through 5.11 show 5-, 10-, and 30
day dUl'ations for the eight streamflow records 
with the averaging periods beginning near 
January 1, April 1, JUly 1, and October 1. The 
April and October durations are near the sea
sonal high and seasonal low, respectively, of 
base flow. The January and July durations are 
in transitional times between high and low 
base-flow periods. 

Watershed \V-A1 has experienced .lower base 
flows in the dormant season after channeliza
tion (tables 5.8 and 5.9). For example, in 
January prior to channelization only four out 
of twelve 5-day average flow values were below 
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FIGURE 5.31.-.Median 5-, 10-, and 30-day rainfall, 
watershed W-A4 (1964-72). 

30 iV/s, and after treatment five out of nine 
values were less than 30 ft3/s. In April, 3 out 
of 11 years had 5-day flows less than 60 ft3/s 
before channelization, and after channelization 
five out of eight values were below 60 fta/s. 

In summer and autumn, the before-to-after 
relationship in watershed W-A1 is reversed 
(tables 5.10 and 5.11): base flows are higher 
after channelization. In July, 7 out of 12 years 
had 5-day flows of 3.7 ft3/S or Jess before chan
ne.lization, and the lowest value in 9 years aiter 
channelization was 7.3 ft3/s. In October, 8 out 
of 12 years had flows of 3.5 ftals or less before 
ChB nne1ization, and after channelization the 
lowest \'alue in 9 years was 3.9 fP :s. Similal' 
before-lo-after relationsh i ps may he noled in 
the In-day and 30-clar durations. 

Tables 5.8 through 5.11 show only one differ
ence in duration characteristics for the foul' 

(Continued on page 58.) 
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TABLE 5.8.-Plow du'ration, beginning J amtary 1 TABLE 5.9-Flow dumtion, beginning Ap?-il 1 
[Cubic feet per second] [Cubic feet per second] 

W-A1 W-A2 W-A3 W-A4 W-A1Rank W-A2 W-A3Rank W-A41951-62 1964-72 (1964-72) (1964-72) (1964-72) 1951-62- 1964-72 (1964-72) (1964-72) (1964-72) 

5-day averaging period 5-day averaging period 

1 165.6 332.4 101.8 25.14 4.82 1 325.4 203.8 95.4 12.04 9.36
2 127.2 238.8 58.2 12.64 3.70 2 272.6 162.8 60.0 6.46 5.86
3 117.6 134.2 54.4 10.16 2.46 3 193.0 88.0 32.2 4.76 1.644 105.6 79.6 33.6 3.42 1.78 4 160.0 47.2 18.4 1.90 .94
5 93.4 26.2 11.8 .63 .46 5 126.0 46.0 13.4 1.44 .826 44.0 25.0 11.0 .29 .28 6 121.4 32.2 11.1 .93 .54
7 38.2 23.2 7.3 .09 .21 7 100.4 30.4 9.4 .66 .34
8 36.6 13.2 4.6 .06 .19 8 63.0 20.4 6.3 .38 .34
9 18.8 6.0 1.8 .00 .10 9 36.8 

10 15.3 10 36.6 
11 9.9 11 30.6
12 5.0 

10-day averaging period
10-day averaging period 

1 206.7 285.7 103.8 14.99 8.93
1 232.6 208.1 62.4 14.82 3.25 2 195.4 131.2 49.0 5.45 4.15 
2 199.1 155.3 47.5 8.29 2.29 3 170.8 67.4 24.8 3.22 1.22 
3 178.5 111.8 39.6 7.83 2.14 4 140.1 48.9 15.2 1.84 1.17 
4 88.6 42.9 32.0 1.28 .58 5 121.2 45.0 13.9 1.67 .96 
5 80.0 26.4 9.6 .89 .46 6 99.1 38.1 13.3 1.26 .68 
6 46.0 21.5 9.0 .20 .24 7 96.4 27.5 10.1 .56 .36 
7 45.4 14.6 5.2 .10 .23 8 84.3 18.1 5.7 .30 .29 
8 36.3 6.6 2.0 .01 .12 9 76.0
9 34.4 10 29.2 

10 10.0 11 28.8
11 4.4 -'-- --.-.--~---.,.,--"--=-~-~-.- -~ .....~----...~,.,.......,~---

30-day averaging period 
_ __ 7 __._ ..........
'~"_~30-day averaging period 

1 168.0 212.5 7.5.8 11.30 5.71 
1 236.9 210.8 81.1 12.84 6.28 2 166.2 119.8 45.4 5.98 2.98 
2 183.2 145.4 57.1 6.81 2.98 3 139.1 75.2 27.4 4.42 1.97 
3 177.2 118.7 43.3 5.52 2.38 4 106.3 54.6 22.4 2.48 1.22 
4 142.8 98.1 33.4 4.98 2.14 5 96.2 42.1 16.5 1.66 .76 
5 131.4 93.6 31.3 3.76 1.51 6 85.8 37.9 11.9 1.54 .76 
6 114.0 79.4 29.2 2.87 1.06 7 83.7 21.7 7.8 .30 .29 
7 63.6 44.6 16.1 .72 .86 8 82.4 14.2 4.5 .15 .25 
8 49.3 10.7 3.4 .03 .22 9 72.3 
9 47.8 10 59.4 

10 30.3 11 16.9 
_.~_r .... __ ~__~.__ ______._~~_________~......_.,11 7.5 

.-..-.,.-~--
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TABLE 5.10.-Flo1V du'ration, beginning TABLE 5.11.-Flow duration, beginning 
July 1 October 1 

[Cubic feet per second] [Cubic feet per second] 

Rank 
W-A1 W-A2 W-A3 W-A4 

1951-62 1964-72 (1964-72) (1964-72) (1964-72) 
Rank 

W-A1 W-A2 W-A3 W-A4 
1951-62 1964-72 (1964-72) (1964-72) (1964-72) 

5-day averaging period 5-day averaging period 

1 149.4 72.6 75.8 4.72 0.92 1 78.4 392.1 140.9 8.49 32.48 
2 74.4 25.2 6.9 .28 .52 2 58.0 62.0 27.1 3.72 12.40 
3 25.6 18.0 5.9 .12 .48 3 37.4 40.2 26.5 1.12 .92 
4 19.1 15.2 5.8 .12 .45 4 5.5 10.6 3.6 .16 .52 
5 17.6 15.1 5.0 .12 .23 5 3.5 9.7 3.4 .08 .19 
6 3.7 13.8 3.9 .05 .20 6 1.2 8.9 2.9 .05 .14 
7 .7 12.2 3.5 .05 .12 7 .3 7.3 2.7 .02 .14 
8 .7 10.5 2.8 .04 .11 8 .3 7.2 2.7 0 .10 
9 .6 7.3 2.6 .03 ;05 9 .2 3.9 1.0 0 .08 

10 .4 10 .1 
11 0 11 .1 
12 0 12 0 

10-day averaging period 10-day averaging period 

1 99.5 139.5 82.2 6;30 10.75 1 55.8 629.0 199.4 31.96 19.28 
2 57.4 79.4 29.7 3.62 .81 2 40.4 417.8 126.4 15.27 16.11 
3 20.7 20.3 10.1 .82 .80 3 34.3 310.6 118.0 8.80 12;58 
4 13.4 19.8 7.4 .11 .47 4 17.0 26.8 4.0 .09 .79 
5 13.2 16.0 5.2 .11 .39 5 13.7 8.8 3.0 .05 .28 
6 12.2 14.4 5.0 .08 .21 6 3.3 8.2 2.8 .04 .21 
7 3.9 13.2 4.7 .06 .17 7 1.2 7.6 2.8 .03 .14 
8 1.3 12.8 3.7 .05 .11 8 .7 6.0 2.7 .02 ;12 
9 .8 11.8 2.2 .04 .05 9 .4 4.7 1.9 0 .10 

10 .8 10 .2 
11 .6 11 0 
12 0 12 0 

30-day averaging period 3D-day averaging period 

1 42.5 104.8 45.7 8.72 5.34 1 242.4 296.6 94.3 12.36 11.89 
2 38.7 81.7 30.4 3.14 2.48 2 57.6 253.4 81.5 7.80 5.60 
3 33.7 81.2 28.3 2.58 1.84 3 22.8 117.2 51.0 5.37 5.24 
4 13.7 63.1 21.9 .44 1.42 4 20.0 19.4 5.4 .15 .42 
5 6.2 47.4 9.3 .33 1.05 5 17.8 10.2 5.4 .07 .19 
6 5.4 26.7 8.6 .18 .89 6 17.5 8.4 2.7 .05 .17 
7 4.7 23.0 6.3 .11 .46 7 1.3 7.3 2.6 .02 .16 
8 3.2 9.8 3.9 .03 .32 8 1.2 7.3 2.5 .02 .12 
9 1.5 9.7 1.8 .03 .09 9 .4 6.3 2.0 .01 .11 

10 .8 10 .3 
11 .4 11 .1 
12 0 12 0 
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FIGURE .5.32.-Seasonal variability of low-flow duration. 

watersheds after channelization: watershed 
W-A3 had disproportionately low base flows 
for January, July, and October. In April, on 
the other hand, base flows appear relatively 
high. Additional duration data sets were se
lected to emphasize watershed W-A3 duration 
characteristics. 
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Duration data sets containing the first day 
of each calendar month were abstracted from 
the total number computed, and a 10-day aver
aging period was chosen. From these durations 
the flow with rank number 7 was noted for 
the four watersheds with posttreatment rec
ords. A flow with equivalent rank number in 
the 11- or 12-year record was computed by 
interpolation for watershed W-Al before treat
ment. These beginning-of-month values were 
then divided by the size of the associated drain
age area to produce unit-area flow rates (fig. 
5.32). 

The seasonal reversal of before-to-after base
flow relationships in watershed W-Al is read
ily apparent, as well as the high base flows 
from watersheds W-Al, W-A2, .and W-A4 
after channelization for the months of June 
through December. Watershed W-AI before 
channelization and watershed 'V-A3 show low 
unit-area flows during these months. All five 
streamflow records show that the highest base 
flows occur in March, and the unit-area flow 
from W-A3 is about equal to that of W-A2. 
Watershed W-A3, after channelization, is ap
parently a miniature of the entire drainage 
system, W-AI, before channelization (fig. 
5.33). The improved channel extends only part 
way into watershed W-A3. Because no lateral 
drains were constructed and because no road
ways, where dl'ainage improvements might 
have been made, cross the area, watershed \V
A3 is substantially unchannelized, compared to 
watersheds W-AI, W-A2, and W-A4. 
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FIGURE 5.34.-Schematic of altered flow regime. 
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FIGURE 5.35.-Median 5-, 10-, and 30-day streamflow, 
watershed W-A1 (1951-62). 

An interpretation of the flow-duration curves 
reveals a change in flow regime caused by chan
nel construction (fig. 5.34). Since base flows 
during the high-flow season on watersheds 
W-Al, W-A2, and W-A4 are reduced, it is 
likely that watershed storage of water is in
creased. With improved surface and subsurface 
drainage, this increase in storage can only take 
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FIGURE 5.36.-Median 5-, 10-, and 30-day streamflow, 
watershed W-A1 (1964-72). 

place in the underlying aquifers. Release of this 
deeper storage to streamflow is relatively slow, 
compared to .drainage of the surface materials. 
This delayed release from aquifer storage pro
vides for the increased base flow from June 
through December. The increased streamflow 
from June through December cannot be ex
plained by variation in l'ainfall, since post
treatment rainfall at the Elliott Station was 
shown to be less than during the pretreatment 
period. 

The hydrologic records are insufficient to 
provide positive information on high-flow dura
tions because the random occurrences of large 
rain events cause inconsistencies in short hy
drologic records. For example, the highest 5-day 
flow beginning July 1 for area 'V-AI for 1964 
through 1972 was 72.6 ft3/S. When the aver
aging time is increased to 10 days, the highest 
flow increased to 139.5 ft3/s, nearly double, 
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FIGURE 5.37.-Median 5-, 10-, and 3~-day streamflow, 
watershed W-A2 (1964-72). 

because of an extreme storm during the second 
5-day period in July 1969. Likewise with W-A4, 
the highest 5-day flow was only 0.92 fta/s, and 
yet the highest 10-day flow increased more than 
ten times to 10.75 fta/s. 

5.4.2.2.-MOVING AVERAGES 

Moving averages provide a more complete 
picture of seasonal variability of streamflows 
than are given by selected durations. Durations 
are rank-ordered flows at a particular season, 
but moving averages are constructed from the 
mean or median values of the duration sets and 
represent all the flows rather than the ex
tremes. Moving averages with 5-, 10-, and 30
day averaging times are presented in figures 
5.35 through 5.39, each figure being based on 
one of the five streamflow records available. 
Only the medians of the ranked flow for the 
different averaging times are shown because 
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FIGURE 5.38.-Median 5-, 10-, and 3D-day streamflow, 
watershed W-A3 (1964-72). 

the arithmetic means were found to fluctuate 
too much to be useful. This fluctuation is caused 
by the random presence of high extremes of 
rainfall during the short hydrologic record of 
only 8 years. 

Figure 5.35 shows the median values of flows 
for three averaging times for watershed W-A1 
before channelization with the beginning of the 
averaging times set at each of the 73 periods 
of the year. The year starts with June 1. The 
median flows reach a low value near June 1 
and apparently decrease no further during the 
growing season. Seasonal increase begins about 
125 days after June I, or about the middle of 
SeptemD21'. Highest values reflect random 
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FIGURE 5.39.-Median 5-, 10-, and 30-day streamflow, 
watershed W-A4, (1964-72). 

fiuctuations, and occur during February for 
30-day averaging. The shorter averaging times 
show larger fluctuations. 

Figure 5.36 gives median values of flow for 
the three averaging times for watershed W-A1 
following channelization. In this fi:;;ure the year 
starts with July 1. Comparison of data in 
figures 5.35 and 5.36 gives the seasonal in
version of base flow before and after channeli
zation, as noted in the duration studies. Median 
flows are lower after channelization during the 
dormant season, but higher during the gtowing 
season. Also, median flows generally decrease 
from July 1 until the recharge season begins, 
a recession that implies drainage of water from 
aquifer storage. No such implication is possible 
before channelization. The concept of improved 
deep storage caused by channelization, pre
sented in the stream duration stUdies, is sup
ported by the moving-average study. 

Figures 5.37-5.39 show moving-average 
streamflow values for watersheds W-A2, W
A3, and W-A4. The recession of the median 
values is evident on watersheds W-A2 and 
W-A4, though not so pronounced as on water
shed W-A1 after channelization. Watershed 
W-A3 flows are near zero, showing little sea
sonal recession. The moving-average studies 
support the thesis that flow during low-flow 
periods on watersheds W-A1, W-A2, and W
A4 is supplied by an underlying aquifer inter
cepted by the channels. 

5.4.3.-Ground Water 

5.4.3. I.-DURATION 

Well data were placed in ranked order to 
provide a means of comparison within aquifers 
and between aquifers. Duration data were com
puted for 5-,10-, and 30-day averaging periods; 
and records for ground-water stages for 5 
years, 1968 through 1972, from seven 'wells 
were processed. Records for well 1 cover 1970 
through 1972. The four averaging periods near 
January 1, April 1, July 1, and October 1, 
respectively, will be discussed. 

Ranked averages for the Quaternary wells 
(1, 4, and 6) show little difference fro'll year 
to year, except in October (tables 5.12-5.15). 
In this month the highest and lowest years 
differed by 6.08 feet for well 4 and by 2.28 feet 
for well 6 for the 5-day averaging period. The 
average stage was the highest in 1969 and 
lowest in 1968 for all shallow wells. 

The Yorktown showed the same general pat
tern as the Quaternary sediment. The period 
beginning October 1 showed the most variation 
(table 5.15): values ranged from approximate
ly 4.14 feet in well 5 to 5.12 and 6.07 feet in 
wells 2 and 7, respectively, for the 30-dayavel'
aging period. The highest stage was in 1969 
and the lowest in 1968. Well 2, which lies in 
the surface outcrop area of the Yorktown, 
shows less variation (a maximum of 1.33 feet) 
during the record period than wells 5 and 7, 
which range from 4 to 5 feet. These ranges 
indicate that enough water was available during 
all four selected study periods (1, 19, 38, and 
56) to maintain a minimum of water-table 
fluctuation at well 2. The water table was 
within 2.6 feet of the ground surface at all 
times. 

(Continued on page 64.) 
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TABLE 5.12.-Ground-w(itm·-well duration, beginning Janua1111 

[Feet above mean sea level] 

Quaternary well- Yorktown well-Rank Tuscaloosa 
11 ~4 36 -12 55 G7 well'8 

5-day averaging period 

1 73.80 70.93 42.02 69.32 53.35 56.62 4.2.12 
2 73.00 70.58 41.83 69.11 53.11 56.30 42.03 
3 72.48 70.47 41.77 69.03 52.87 56.16 41.85 
4 69.94 41.69 69.00 52.81 55.93 41.62 
5 69.09 40.63 67.58 49.15 50.96 41.49 

10-day averaging period 

1 73.94 70.92 42.15 69.33 53.37 56.63 42.12 
2 73.77 70.63 41.81 69.13 53.07 56.27 41.90 
3 72.66 70.28 41.77 69.01 52.93 56.25 41.87 
4 70.02 41.54 68.90 52.17 54.92 41.61 
5 69.10 40.62 67.64 49.24 51.12 41.48 

30-day averaging period 

1 73.93 70.81 42.18 69.29 53.40 56.60 42.14 
2 73.53 70.54 42.06 69.21 53.34 56.51 41.92 
3 73.41 70.39 41.96 69.04 53.24 56.48 41.77 
4 70.34 41.78 69.00 52.05 54.72 41.57 
5 69.54 40.90 67.96 49.62 51.84 41.50 

1 Records for years 1970 to 1972 only; ground surface elevation: 75.9 ft above m.s.!. 

! Ground surface elevation: 71.5 it above m.s.!. 

" Ground surface elevation: 45.5 ft above m.s.!. 

, Ground surface elevation: 70.1 ft above m.s.!. 

:. Ground surface elevation: 66.7 ft above m.s.!. 

Ii Ground surface elevation: 63.0 it above m.s.l. 

7 Ground surface elevation: 46.9 it above m.s.!. 


TABLE 5.13.-Ground-water-1cell d1Lration, beginning A1J1-ill 

[Feet above mean sea level] 

Quaternary well- Yorktown well- TuscaloosaRank 
:;511 ~4 36 "2 G7 wall '8 

5-day averaging period 

1 74.49 71.03 43.70 69.34 53.90 56.88 42.74 
2 73.56 70.49 42.32 68.92 53.33 56.53 42.32 
3 72.71 70.17 41.92 68.80 53.30 56.45 42.00 
4 69.99 41.78 68.76 53.28 56.42 41.96 
5 69.78 41.74 68.71 52.98 56.34 41.68 

10-day averaging period 

1 74.16 70.76 43.38 69.26 53.94 56.91 42.70 
2 74.04 70.47 42.42 69.02 53.37 56.55 42.33 
3 72.59 70.38 42.02 68.89 53.35 56.47 42.05 
4 70.14 41.93 68.75 53.26 56.46 41.94 
5 69.71 41.75 68.72 52.94 56.31 41.73 

See footnotes at end of table. 
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TABLE 5.13.-G'round-water-well duration, beginning April l-Continued 

[Feet above mean sea level] 

Quaternary well- Yorktown well-- TuscaloosaRank 
II 24 36 42 55 °7 well 78 

30-day averaging period 

1 73.67 70.44 42.98 69.09 53.89 56.87 42.71 
2 73.08 70.19 42.54 69.00 53.50 56.53 42.33 
3 72.44 70.14 41.85 68.76 53.32 56.48 42.11 
4 70.13 41.82 68.72 53.16 56.34 41.98 
5 69.64 41.81 68.68 52.96 56.34 41.82 

"1 Records for years 1970 to 1972 only; ground surface elevation: 75.9 ft above m.s.!. 

2 Ground surface elevation: 71.5 it above m.s.!. 

3 Ground surface elevation: 45.5 it above m.s.!. 

I Ground surface elevation: 70.1 it above m.s.!. 

r. Ground surface elev.ation: 66.7 it above m.s.!. 
H Ground. surface elevation: 63.0 it above m.s.!. 
.. Ground surface elevation: 46.9 ft above m.s.!. 

TABLE 5.14.-G-round-water-well d'nrcLtion, beginn·ing July 1 

[Feet above mean sea level] 

Quaternary well- Yorktown well- Tuscaloosa 
.Rank 24 36 42 55 07 well 78'I 

5-day averaging period 

1 
2 
3 
4 
5 

72.02 
71.67 
69.34 

69.91 
69.82 
69.68 
68.72 
68.39 

41.47 
41.19 
41.09 
41.04 
40.2:': 

68.71 
68.25 
68.25 
67.86 
67.24 

52.49 
52.40 
51.43 
51.22 
50.80 

55.88 
55.80 
54.43 
54.21 
52.76 

42.70 
42.45 
42.30 
42.04 
41.88 

10-day averaging period 

1 
2 
3 
4 
5 

72.01 
71.83 
69.38 

70.02 
69.93 
69.82 
68.60 
68.55 

41.41 
41.29 
41.28 
41.18 
40.81 

68.75 
68.42 
68.07 
67.88 
67.31 

52.51 
52.28 
51.48 
51.13 
50.82 

56.03 
55.55 
54.44 
54.08 
52.87 

42.72 
42.45 
42.27 
42.06 
41.88 

------.,--~--. 

30-day averaging period 
-._.--~-~",",' 

1 72.51 70.02 41.52 68.52 52.36 55.88 42.70 

2 71.81 69.59 41.46 68.31 52.14 55.48 '12.41 

3 69.01 69.56 41.45 68.08 52.00 55.16 42.30 

4 69.23 41.05 68.06 51.17 53.50 42.04 

5 68.17 40.63 67.04 50.75 53.47 41.83 
'_r______c,·h>- __ ' .. -__--.__ 

1 Records for years 1970 to 1972 only; ground surface elevation: 75.9 it above Ill.S.l. 

2 Ground surface elevation: 71.5 ft above m.s.!. 

:, Ground surface elevat.ion: 45.5 ft above m.s.!. 

I Ground surface elevation: 70.1 it above m.s.!. 

:; Ground surface elevation: 66.7 it above m.s.!. 

o Ground surface elevation: 63.0 it above Ill.S.!. 
.. Ground surface elevation: 46.9 ft above m.s.!. 
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TA8LE 5.15.-G1·ound-wate1·-weU dumtion, beginning Octobe1' 1 

[Feet above mean sea level] 

Quaternary well- Yorktown well-Rank Tuscaloosa 
11 ~4 :16 "2 55 or-, well-8 

5-day averaging period 

1 
2 
3 
4 
5 

74.86 
68.52 
68.46 

70.82 
69.70 
66.94 
66.60 
64.74 

42.02 
40.78 
40.74 
40.16 
39.74 

68.81 
67.09 
65.16 
64.93 
63.39 

52.20 
51.22 
49.33 
49.15 
48.58 

55.79 
54.56 
52.30 
50.59 
50.00 

42.68 
41.99 
41.83 
41.77 
41.57 

10-day averaging period 

1 
2 
3 
4 
5 

74.71 
68.44 
68.42 

70.63 
70.52 
67.69 
66.44 
64.80 

41.87 
41.39 
40.99 
40.11 
39.78 

68.88 
68.12 
65.53 
64.77 
63.46 

52.40 
51.63 
49.50 
49.06 
48.56 

55.96 
55.02 
52.72 
50.46 
49.97 

42.34 
41.95 
41.91 
41.80 
41.65 

3D-day averaging period 

1 
2 
3 
4 
5 

74.32 
69.20 
68.30 

70.77 
70.00 
67.72 
67.18 
65.47 

41.98 
41.42 
40.98 
40.17 
39.81 

68.93 
68.50 
65.88 
65.17 
63.81 

52.64 
52.37 
49.97 
48.91 
48.50 

55.93 
55.89 
53.68 
50.26 
49.86 

42.07 
41.92 
41.86 
41.85 
41.70 

1 Records for years 1970 to 1972 only; ground surface elevation: 75.9 ft above m.s.!. 

2 Ground surface elevation: 71.5 ft above m.s.!. 

:, Ground surface elevation: 45.5 ft above m.s.!. 

., Ground surface elevation: 70.1 it above m.s.!. 

;. Ground surface elevation: 66.7 ft above m.s.!. 
r. Ground surface elevation: 63.0 it above m.s.!. 
.. Ground surface elevation: 46.9 it above m.s.!. 

There are some differences, related to changes 5.4.3.2.-MOVING AVERAGES 
of available seasonal storage, in the general 

Graphs showing medians for 5-, 10-, and 30pattern of response of the Quaternary and 
day averaging periods were plotted for all wells. Yorktown aquifers. The ranges of the high and 
The 5- and 10-day periods show more fluctualow values for each quarter have been plotted 
tions caused by individual recharge periodsfor three wells: 2, 5, and 6 (fig. 5.40). The 
than do the 30-day averages. The 30-day plots range for the Yorktown wells was the smallest 
show a uniform seasonal change for the groundduring April and the greatest during October, 
water recharge and recession. Wells 1, 4, and 6showing that storage approached a maximum 
(figs. 5.41-5.43) show the response of thevalue each year during April and had a small 
ground-water table to precipitation of the shalvariation below this maximum. In contrast, a 
low phreatic sediments. Recharge begins in midlarge variation was observed in October, caused 
September and continues until shortly after theby the year-to-year difference in the amount of 
first of the year, when the aquifer is fullyrainfall. During the depletion period, well 6 in 
recharged, the water table being approximately the Quaternary does not show this pronounced 

seasonal pattern; rather, it tends to be erratic, 1 foot from the ground surface in wells 1 and 4 
probably reflecting random-rainfall inputs di and approximately 3 feet in well 6. With in
rectly in the surficial material. creased evapotransph'ation and slightly lower 

The Cretaceous ground-water elevation rainfall, recession begins about the middle of 
changes were less than 1 foot for any period, April and continues until recharge begins in 
showing little, if any, recharge in this area. September, flattening Slightly frum the first of 
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FIGURE 5.40.-Annual cycle of ground-water elevations. 

June until mid-July. Well 1 shows the greatest 
water-table fluctuation, 4 feet, but the record 
period for this well is short and does not include 
1968, the year with lowest I·ainfall. Direct com
parisons, during similar time periods, cannot 
be made with the other shallow aquifer wells 
because wells 1 and 4 are located near the 
watershed boundary. Also, the large seasonal 
variation from high to low water levels in these 
wells reflects large variations in soil water in 
the uplands. Well 6, topographically lower, 
shows less variation, possibly reflecting both 
downslope drainage of water and generally 
higher soil-water levels nearer the streams. 

The Yorktown wells (2, 5, and 7) do not 
show as much short-term fluctuation as do the 
Quaternary sediments (figs. 5.44-5.46). Re
charge and recession, even in the 5- and lO-day
average plots, are more uniform and do not 
show response to individual storm events. The 
total range in elevation throughout the year is 
greater, in general, in the Yorktown than in 
the shallow sediments. Recharge begins in Octo
ber and continues fairly uniformly until about 
mid-February in wells 5 and 7. Well 2 is fully 

76 5-DRY 
74 

I 
w 72 
w 
I.J.... 

70 

68 
...J 

UJ 
76 ID-DRY 

:c 

74> 
W 
...J I 
lLJ W 72 

W 
O:::I.J.... 
lLJ 70 
I 
a: 
3: 
o 68 
Z 
=> 	 3D-DRYo 
0::: 
d 76 1 

I
W 

74 
1 

72J 
W 
I.J.... 

70 J 
I 

68 I, 
o ]'0 20 3'0 40 50 60 7'0 80 

8EGINNING 5-0RY PERIOD 
'J'F'M'R'M'J'J 'R'S'O'N'D' 

FIGURE 5,41.-Median 5-, 10-, and 30-day ground-water 
elevations, weIll (1970-72). 

I'echarged earlier than wells 5 and 7, by about 
the first of the year, and shows a more pro
nounced response to individual storms because 
it is updip and receives direct recharge. Re
cession begins in all the Yorktown wells except 
2 in mid- to late-March and is fairly uniform, 
flattening slightly from mid-June to mid
August. Major recession at well 2 begins about 
mid-August, with a slight recession from mid
March to mid-August. The low occurred ill the 
Yorktown wells in October. When well 2 is 
recharged, the water table is less than 1 foot 
below the ground surface, indicating that the 
aquifer in the vicinity of well 2 is almost fully 
recharged at a much earlier date than the other 
two wells downdip. This high water table was 
maintained during the first 3 to 4 month~ of 
the year. If the aquifer is recharged to within 
1 foot of the surface, it can be inferred that 
the present channel system in the watershed 
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 FIGURE 5.44.-Median 5-, 10-, and 30-day ground-water 
elevations, well 2 (1968-72). 

FIGURE 5.42.-Median 5-, 10-, and 30-day ground-water 
elevations, well 4 (1968-72). 
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FIGURE 5.46.-Median 5-, 10-, and 30-day ground-water 
elevations, well 7 (1968-72). 

has little effect on recharge during this period. 
When the aquifer is fully recharged, it cannot 
take any .more precipitation into storage. 
Rather, any pl'ecipitation during this period 
would be expected to be conducted from the 
watershed as runoff in the channels and not go 
to ground-water recharge. In mid-April, evapo
transpiration starts to increase and ground
water recession begins, and the increased 
rainfall in June and July causes a flattening 
of the l'ecession curve. 
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FIGURE 5.47.-Median 5-, 10-, and 30-day ground-water 
elevations, well 8 (1968-72). 

The Tuscaloosa recharge begins about the 
first of February and continues until about the 
first of May (5-day period No. 25) at a uniform 
rate (fig. 5.47). Recession begins about the 
first of July (5-day period No. 35) and con
tinues until the end of September. Rechat'ge for 
the Tuscaloosa occurs during the recession 
period of the Yorktown and shallow surface 
sediments. Total water-table fluctuation is ap
proximately 1 foot, and little, if any, recharge 
of the Tuscaloosa Formation occurs in the 
Ahoskie area. Recharge occurs west of the 
watershed, delaying down dip response and 
Tuscaloosa recharge until February. 
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SECTION 6.-ANALYSES AND INTERPRETATIONS 


6.1.-\VATER-YIELD ANALYSES 
\Vater-yield analysis is concerned with the 

volume of water leaving a drainage area and 
the distribution of this volume in time. In 
practice, clistl'iuution normally means the sea
sonal yariability of flow volumes, although it 
may mean the change in \'olumes over a sus
tained period, such as a year. In the following 
analyses the seasonal variability of flow \\'il! 

be emphasized. The year \dll be broken into 
monthly or ::i-day periods, and seasonal vari
ability of flow will be documented as the annual 
march of monthly 01' ::i-day subtotals of flow. 

Results of yield analysis are useful for plan
ning the utilization of water as a resource for 
irrigation, for recreation, or for domestic use. 
These quantities form an information base for 
design of water-storage structures. 
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6.1.1.-Long-Period Streamflow 

Long period is here defined to mean the 
length of time used to define a base unit of 
data, such as volume of streamflow for a month 
or a year. It is not to be confused with long 
term, which implies some change, effect, or 
activity measured during an extended length 
of time. Long-period streamflow response to 
precipitation was first defined by considering 
annual quantities to smooth the data and reveal 
long-term trends. Figure 6.1 shows that for 
watershed W-A1 changes in annual precipi
tation during the period of record resulted in 
similar changes in streamflow. Figures 6.2-6.4 
show that the direction of changes is not al ways 
the same for watersheds W-A2., \V-A3, and 
W-A4, especially during 1966-68. Furthermore, 
the volumes of annual streamflow are compar
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FIGt:Rt: fl.1.~Annl1al precipitation and :;tl'eamflow. FIGt:RE G.2.-Annual precipitation and streamflow, 
watel'i'hed W -A1 (] ~1!)5-72 J. watershed W-A2 (1965-72). 
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FIGURE 6.3.-Annual precipitation and streamflow, 
watershed W-A3 (1965-72). 

64 

• Precipitotion 
o Streomflow 


56 


48 

I40 

24 

16 

8 

o 
'65 '66 '67 '68 '69 '70 '71 '72 

DATE (years) 
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able for watersheds W-Al and ~T-A2, but 
annual volumes are significantly less for water
shed W-A3 and particularly for watershed W
A4. The relationship between streamflow as a 
percentage of precipitation and size of area is 
shown in table 6.1. \Vatersheds \V-Al and 
Vl-A2 are similar, and watersheds \V-A3 and 
\V-A4 are similar, but the data indicate a con
siderable difference between the two pairs: 
Vi-Al, W-A2 and \v-A3, \V-A4. 

Precipitation and streamflow by quarters of 
the year were also considered for detection of 
trends in the data. Figures 6.5-6.8 show such 
quarterly data for the four ·watersheds for 
1964-72. These figures show that for all four 
watersheds precipitation in the first quarter 
produces the highest proportion of streamflow. 
This high proportion is produced by the com
bined effects of low evapotranspil'ation, fully 
recharged shallo\\' aquifers, and near-maximum 
soil~\\'ater storage. For watershed VIT-Al, an 
average of 65 percent of the precipitation occur
red as streamflow during the first quarter of 
the year, compared with 36 percent on an 
annual basis (table 6.1). Similar high percent
ages exist for the first quarter for all water
sheds. Quarterly comparisons for all watersheds 
show variability in the second through fourth 
quarters: third quarter rainfall is generally 
high, with small percentages of runoff that 
reflect the evapotransph'ation and ground
water recharge periods. Quarterly percentages 
show seasonal trends of e\'apotranspiration, 
ground-water recharge, soil drainage, and sum
mer convedh'e storms with small volumes 
(table 6.2). 

Tn addition to the seasonal trend, table 6.2 
sho\\'s differences among the drainage areas. 
During the first and second quarters the per
centages of precipitation that become stream-

TABLE G.1.-.tire1'(l[Je (l12n1l(([ p),f'C'ipitafion (/nd 
stream/lo/l' by /I'(/ten~hed. 

Average unnual-
Streamflow

Water- Area Precipi- S-[re-am= 
(porcenlage of

shed (mP) tation flow precipitation)
(in) (in) 

-"----" "..,----
W-A1 57 42.47 15.38 36.4 

W-A2 24 41.22 13.34 32.3 

W-A3 3.7 42.27 10,39 24.1 

W-A4 2.6 45.28 10.50 23.2 


____~~ ___ ~~T~ _~_, 
~~,,~~.- ..-..... ..----.....~~ 
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FIGl'RE 1i.5.- -Quarterly precipitation and streamflow, watershed W-A! 11964-(2). 
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flow are higher for watersheds W-A1 and 
W-A2 than for \V-A3 and W-A4. Since W-A1 
and \V-A2 are downstream, hence lower, they 
may receive water from outcrops of tl-y York
town Formation. In section 5.4.2.1., 'where 
streamflow-duration analyses were presented, 
the relationship 0etween size of drainage area 
and rate of base flow was noted. The stream
flow percentages in table 6.2 confirm this 
relationship. Table 6.2 also confirms the dis
proportionately low flow from Vl-A3 during 
the third .and fourth quarters of the year. 

Monthly totals of precipitation and stream
flow were studied for details of variability of 
their relationship with season and with drain
age area. Because of the scattering of the data, 
linear regre::;sion lines were fitted to each 
month to reveal the seasonal trends by smooth
ing. Regression lines for January and October 
do not fit into the overal1 seasonal trend. One 
point, labeled "A" in figure 6.9, shows an ex
tremely low monthly streamflow for the ob

months prior to the January in question had 
less than 1 inch of precipitation. Point A caused 
the large shift in the January line. Points B 
and C for October have abnormal1y high 
streamflow for the observed precipitation, be
cause the Septembers prior to both October 
values had high precipitation volumes. These 
three points, because of the unusual antecedent 
precipitation and streamflow, resulted in re
gression lines that did not fit into the "normal" 

TABLE 6.2.-A.1'emge qUCL1·te1·Zy st1'eam!lo1V as a 
penentage of (ll'eragequ(u·te1·ly precipitation 

Watershed 
Area 
(rni2 ) 

W-Al 57 
W-A2 24 
W-A3 3.7 
W-A4 2.6 

served precipitation, 

Strear flow (percentage of 
precipitation in quarter) 

1 2 3 4 

65 
63 
53 
40 

28 
27 
.22 
18 

17 
16 
12 
15 

20 
28 
14 
22 

because each of the 2 
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seasonal trend. Point D indicates more stream
flow than precipitation for a particular March 
record. Although this discrepancy may be due 
to error, such as a gage malfunction, it may be 
correct, since streamflow can exceed rainfall 
during periods of high carryover of stored 
water. 

The general seasonal trend by months and 
the extreme antecedent monthly conditions led 
to further analyses of monthly data. Snyder 
(17) developed procedures and computer pro
grams for analyzing monthly rainfall and 
streamflow data. The procedures utilize season
ally continuous cyclic functions for greater 
smoothing of the erratic data. The methods 
presented are as follows: 

(1) Relating current-month streamflow to 
antecedent-month streamflow by 

Q",=cL+bQm_I' (6.1) 

(2) Relating current-month streamflow to 
current-month precipitation by 

(6.2) 

(3) Relating current-month streamflow to 
current-month precipitation plus antecedent
month streamflow by 

(6.3) 

The procedures developed by Snyder (17) 
also include the log transform of the data with 
the above three equations. The regression lines 
of figure 6.9 were evaluations of equation 6.2 
for the 12 sepal'ate calendar months. 

Because of the scatt~ring of the data, a 

TABLE 6.3.-0ptimized reg7'ession coefficients 
by month for equation 6.3, watershed W-Al 

[Q/Il=a+bPm+cQm-l] 

Mrnth 
Coefficient 

a b c 

January ............... -2.004 1.006 0.344 
February .............. -1.365 .861 .261 
March .. . . . . . . . . . . . . . . . -;- .572 .608 .171 
April .................. .193 .359 .106 
May ... ... ........ ..... .222 .221 .102 
June................... -.399 .246 .201 
July .. .. . . . . .. .. . .. . .... -1.562 .366 .374 
August ............... -2.748 .523 .545 
September ............. - 3.443 .654 .639 
Octo bel' ................ -3.461 .774 .622 
November.· .. · ..... · ... -3.092 .906 .539 
December .............. -2.539 .999 .433 

modification of equation 6.3 was applied to the 
entire data set from the postchannelization 
period. Elliott Station precipitation data were 
used. The intent was to compare results with 
results of similar analysis of prechannelization 
data. Hopefully, such a comparison would re
veal the effect of channelization on the rainfaII
streamflow relationships. 

The coefficients eL, b, and c of equation 6.3 
are made continuous cycle functions of time 
through all months. The functions are optimized 
simultaneously through all months. The con
tinuous nature of this cyclic structure of the 
coefficients is based on continuous parabolic 
interpolation (13). A total of nine parameters, 
three for each of the coefficients Ct, b, and c, 
are evaluated in applying this modification of 
equation 6.3 to any data set. Interpolation on 
the derived parameters gives values for each 
calendar month (table 6.3). 

The optimized coefficients in the table ,yere 
used with observed monthly precipitation in 
equation 6.3 to caIcu1ate monthly streamflow 
volumes. The correlation coefficient between 
calculated and observed monthly streamflow 
was 0.779, denoting that approximately 61 per
cent of the total variance was exp1ained by 
the regression model. The relatively poor fit 
of the model indicates that it is probably not 
worthwhile to calibrate the regression model 
with pretreatment data to determine channeli
zation effects on monthly streamflow. That is, 
treatment effects are probably obscured by the 
poor fit of the equation. 

The coefficients in table 6.3 should be ex
amined in comparison with figure 6.9, for the 
a and b coefficients relate to the regression 
lines of the figure. 

The coefficient b in table 6.3 may be com
pared in a general way with figure 6.9. This 
coefficient represents the slope of the lines 
after additional smoothing imposed by seasonal 
continuity and after adjustment by flow of the 
antecedent month. The tabular data indicate 
that the months of November through March 
have the highest proportions of precipitation 
becoming streamflow, thus agreeing with the 
slopes of the lines in the figure, except for 
:N'ovember and January. The January data 
were discussed ehrIier. The lowest relationship 
occurs in April through June, when the positive 
c coefficients for all months indicate positive 
I'elationships between monthly streamflow and 
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I-month antecedent streamflow. The strongest fore, analyses based on a 5-day water-yield 
antecedent relationships occur in August model are presented in the following section. 
tlu-ough November, particularly in September 
and October. The October data wm'e discussed 6.1.2.-5.Day Streamflow 
earlier. The 'weakest antecedent relationships 
occur in February through June, particularly 
in April and May. 

In view of the low correlation for the linear 
relationship, the data were transformed log
arithmically, and a linear relationship was 
applied to the transformed data. But the trans
formation did not improve correlation: a cor
relation coefficient of 0.775 was determined, 
indicating that approximately-60 percent of the 
variance is explained by the transformation of 
data. Again, fUrther effort is not justified for 
watershed \V-Al. Because of the low correla
tion coefficients for watershed W-Al, similar 
analyses for watersheds W-A2, W-A3, and 
vV-A4 are not justified. 

The relationships between annual, quarterly, 
and monthly precipitation and streamflow have 
provided some significant information about 
the watersheds. However, the relationships are 
not sufficiently precise to discriminate betweer. 
prechannelization and postchannelization flow 
regimes. It is possible that streamflow for 
shorter time periods would have a better re
latjonship to precipitation in the period. There-

The streamflow in any period depends pri
marily upon the rainfall in that period and in 
previous periods, and upon the water that can 
be retained in and on the watersned. The 
amount retained will vary seasonally with inci
dent solar energy, because this energy controls 
evapotranspiration from the soil reservoir of 
water. The delivery of flow from rainfall in 
previous periods will also depend upon the 
amount of water stored in the watershed. 

In order to separate the effects of the various 
watershed processes on observed streamflow, it 
is necessary to formulmte and quantify con
ceptual models. Such a model was developed to 
utilize 5-day volumes of rainfall as input and 
5-day vol urnes of streamflow as output, the 
time of year being an additional implicit input. 

Model st1'llCtu·re.-Figure 6.10 is a block dia
gram of the 5-day water-yield model, which is 
made up of three submodels. A seasonally cyclic 
function is used to compute the storage capacity 
of the watershed for every 5-day period in a 
sequence: any rain in excess of the storage 
capacity becomes streamflow. A characteristic 
function describes the pattern of release of 
water to streamflow for an idealized watershed 

lRainfall Input As II 5-Day Totals (Area-Inch) 

I 
I 
I 

i Compute Max Watershedl i 
,., Storage By Season I State Functions -., 

[ "",r.M i . [----------=.. 
: 

Compute Available Waters"hedl 
i ~iOrage By Weighted r--- LJ Yield Characteristic I 
j Antecedent Rainfall Reduction I Function ~ 
i From Seasona I Max tJ 
I ~ 

~ '" 

Compute Effective 5 - Day' . 1 
Rainfall As Input Less ~onvolvei. Yield R:.sponse I 

Avai lable Storage, I FUncoi ons ---.: 
! , 

~--.- .. -:--'-----::---,--,
---------------------------i Streamflo(Aw As 51 -hD)ay Totals _________.. 
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FIGURE G.l0.-Block diagram of 5-day water-yield model. 

75 



of zero storage. The state function, describing 
the wetness of the watershed, modifies the 
characteristic function to an actual pattern of 
release, a different pattern for every 5-day 
period. The excess rainfall amounts are dis
tributed by their Tespective response patterns, 
and the summation of these distributed 
amounts is the prediction of streamflow. 

Chairacte'ristic function.--The characteristic 
function describes, by definition, the hypotheti
cal release of water to streamflow, if this re
lease is not modified by travel through the 
channels and aquifers of the watershed. The 
computational form is shown in figure 6.11. 
This submodel is essentially form-free: before 
data analysis, the basic release pattern for a 
watershed is unknown, but by solving empiri
cally for three parameters, nature provides the 
form. The exponentiai tail of the characteristic 
function is a modification of an earlier form. 
The exponential recession should allow close 
match to actual streamflo'w recessions during 
low-flow periods. 

State function.-The state function "routes" 
the characteristic function to the outlet of the 
watershed, thereby changing it to a yield-re
sponse function. Flow typically passes through 
a wet watershed faster than through a dry one. 

.4 

o 
d .3 
>

If streamflow is used as an index of the wet
ness, the shape of the yield-respr-nse functions 
can be controlled by "feeding back" previously 
calculated flow volumes. The presently used 
form of the feedback parameter, mt, is 

(6.4) 

where RO t- 1 is the Tunoff in the 5-day period 
previous to the one being calculated. The statis
tical parameters, b1 and b~, are evaluated from 
data. 

The state function is dependent on parameter 
mt, as shown in 

1 
S(T)·=- (6.5)

~ T.mt' 
! 

where i=l, 2, 3. This equation says that three 
values of S (T) are computed as reciprocals of 
time, with the time exponentially scaled by the 
feedback parameter, mt. Since these three 
values are the unscaled routing coefficients, 
scaling is required to make the sum of the 
three routing coefficients equal to unity, as in 

(6.6) 

where i=l, 2, 3 . 

Note: Ordinates at periods 2,3, and 6 are parameters. 
lL.. Ordinates at periods 4 and 5 are interpolated.o Ordinates beyond 6 are calculated by 
z .2 	 exponential recession. 
o Ordinate at period I is I minus sum of all 
I- other ordinates. 
a::: 
o 
CL 

~ ,I 
CL 

~~~_ c:., __~_ ..___... __ 
o 	 2 4 8 10 12 

TIME IN 5-DAY PERIODS 

FIGURE 6.I1.-Computational form of the water-yield-model characteristic function. 
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The characteristic function and the state 
function are convolved to produce the unit-yield 
functions. 

Seasonal-stomge /1.lnction.-The seasonal
storage function is defined as the ability of the 
watershed to receive rainfall without releasing 
it to streamflow. Rain on the watershed that 
does not become streamflow must eventually go 
to deep seepage or back to the atmosphere 
through evapotranspiration. The storage func
tion is made a function of the season of the year 
on the assumption that evapotranspiration 
serves as the major control on storage available. 

Storage is computed in two steps, as illus
h'ated in figure 6.12. First, a cyclic-interpola
tion function is specified as a parametric 
function of season: parameters 6 through 10 
are spaced uniformly at an interval at 14.6 
five-day units. Thi.s parametric function, which 
must be empirically evaluated, can be regarded 
as the maximum storage capacity of the water
shed at any time of the year. Second, this 
maximum rate is decreased by streamflow and 
by antecedent rainfall, and the diminished stor
age is termed available storage. 

Rainfall in excess of available storage is 
water held in temporary storage until it be
comes streamflow. The unit-yield functions 
described earlier define how the water is re
leased from this temporary storage to stream-

Seasonal 
Maximum ___/ 
Storage 

r 
Volume to 

II 
'51 streamflow 

I 

! ,~ 
! / '.

Volume not I,' \.. 

flow. The computational process is convolution 
of the rainfall excess values with the unit-yield 
functions. 

Rainfall not in excess of the storage available 
at the time is assumed to go into storage-is 
by definition dead storage-and never becomes 
streamflow. Since storage is diminished by 
rainfall, the storage recovers as the time from 
the last rain increases. The rate of recovery is 
one of the empirically derived parameters of 
the model. 

Pa1'(l1neter optimization.-The water-yield 
model contains 11 parameters that must be 
evaluated from recorded data: 6 of the para
meters define the seasonal-storage function, 3 
define the characteristic function, and 2 define 

TABLE 6.4.-A1·,,'angement of dCLta in 4-year sets 

Watershed
W-Al1~ W-A22 W-A32 

1951-54E 
1955-58E 
1959-62E 
1965-68E 
1969-72E 
1965-68N 1965-68N 1965-68N 1965-68N 
1969-72N 1969-72N 1969-72N 1969-72N 

1 E = Elliott Station precipitation. 
2 N=network precipitation. 

to streamflow . ,/ 
1'/ 

m\ ! 
I 
i I 

I 

i. I
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<D! Cll! (J).
I ~i "'!

~I ~ I ~I ~i ~I0, 0' 0, o·eLI eLI0' 

eL! eLI eLI 
I I I !! 
o 8 16 24 32 40 48 56 64 72
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FIGURE G.12.-Schematic of the seasonal-storage function. 
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the state function. Values of the parameters from using the watershed average of 5-day 
must be obtained by some numerical method of rainfall computed from the network of l'ain
producing a "best match" between the model gages. Two 4-year data sets with network 
and the data. The method of optimization used precipitation were available from each of the 
fOl' the water yield "was nonlinear least squares foul' watersheds. Interpretation of results from 
combined with multivariate components regres these data sets should serve to document effects 
sion (4). of physiographic differenCes. 

Data were organized for optimization into 4- The optimized (best-fit) values of the para
year blocks. Table 6.4 shows the arrangement meters for all data sets are listed in table 6.5. 
of 4-year sets for which optimum values of the The meaning of these values will be developed 
parameters were obtained. The sequence of five below. A major inconsistency may be noted in 
parameter sets for watershed W-Al with El the storage parameters for the watershed W
liott Station (E) precipitation was used for Al, 1965-1968E, data set, but all other sets 
possible detection of effects of channelization. appear consistent. A minor statistical failUl'e 
For these five data sets with only one rain in the model produced the values of zero for 
gage, optimization of the model could not be parameter 3 for both data sets fOT watershed 
precise, but the use of this single station pro W-A4. 
vided a consistent input in the before and after The characteristic function illustrated in fig
comparisons. lVIore precise values should result ure 6.11 is given in detail in table 6.6. With this 

TABLE 6.5.-0ptimized pa1"amete1'S for 1V(~te1'-yield model 

Watershed 
Data 

set 
Correlation 
coefficient 

State 
parameters 

1 2 3 

Characteristic 
parameters 

4 5 

:!.951-54E 0.928 -0.7628 10.646 0.3962 0.0982 0.0264 
1955-58E .849 -1.2652 9.988 .4187 .0646 .0196 

W-A1 !1959-62E 
1965-68E 
1969-72E 
1965-68N 

.852 

.799 

.737 

.876 

-.9840 
-1.1977 
-1.2068 
--1.2275 

10.120 
9.116 
8.902 
9.020 

.5145 

.2232 

.1214 

.1745 

.0052 

.0005 

.0005 

.0083 

.0044 

.0004 

.0004 

.0051 
W-A2 1965-68N .880 -1.1658 8.912 .1052 .0050 .0040 
W-A3 J.965-68N .834 -1.1374 8.765 .1803 .0130 .0087 
W-A4 1965-68N .866 -1.1800 9.150 0 .0051 .0040 
W-A1 1969-72N .816 -1.2096 8.913 .2676 .0076 .0051 
W-A2 1969-72N .829 -1.2340 8.706 .1113 .0052 .0040 
W-A3 1969-72N .842 -1.1806 8.353 .1203 .0169 .0078 
W-A4 1969-72N .748 -1.2042 9.191 0 .0047 .0042 

6 7 

Maximum-storage 
parameters 
8 9 10 

Available 
storage 

parameter 
11 

Residual 
errol' 
(in) 

1951-54E 0.1515 0.1340 0.4078 0.5863 0.4389 0.8327 0.119 
1955-58E .1281 .0828 .3119 .6569 .3714 .8029 .214 

W-A1 1959-62E 
1965-68E 

.1157 

.1056 
.0560 
.0355 

.3631 

.2554 
.6352 
.3405 

.4681 

.2098 
.8930 
.1513 

.242 

.194 
1969-72E .1870 .0371 .3941 .4636 .3356 .8504 .242 
1965-68N .1912 .0537 .3359 .3964 .2747 .8171 .156 

W-A2 1965-68N .2159 .0674 .3511 .4244 .3081 .8471 .134 
W-A3 1965-68N .2604 .0913 .4220 .4496 .4451 .8024 .129 
W-A4 1965-68N .2668 .1431 .3367 .4163 .2596 .7864 .136 
W-A1 1969-72N .0991 .0324 .2322 .4237 .2818 .7738 .207 
W-A2 1969-72N .1685 .0478 .3011 .5647 .3716 .8592 .179 
W-A3 1969-72N .2348 .0934 .3497 .6208 .5856 .8982 .182 
W-A4 1969-72N .1515 .1184 .2477 .3797 .2400 .6964 .207 
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TABLE 6.6.-Detailed st?-uctm'e of characteristir: 
/1tnction 

Ordinate of Calculation5-day characteristic ofperiod function ordinate 

1 C1 (1) 

2 C2 Par3. 

3 C3 Par 4. 

4 C4 (Par 4+2'Par 5) 13. 

5 C5 (Par 4+8'Par 5) 19. 

6 C6 Par 5. 

7 C7 

8 C8 

9 C9 Exponential recession 


10 C10 from Par 5; recession 
11 C11 mUltiplier 
12 C12 is e-b, where 
13 C13 b= (Par 4-Par 5) 112'Par 5. 
14 C14 
15 C15 

;=6 

1 Area for T=2 to T=6= LC" area for T=7 to 
i=2 

T=CIJ= (Par 5'e-b ) /b; from continuity of mass, 
;=6 

C1=1.0-2:Ci - (Par 5'e-b ) lb. 
i~2 

TABLE 6.7.-Yield chamcteristic /1mctions 
using Elliott Station rainfall 

[Watershed W-A1J 

5-day Proportions of flow for data period
period 1951-54 1955-58 1959-62 1965-68 1969-72 

1 0.3042 0.3552 0.1968 0.7267 0.8286 
2 .3962 .4187 .5145 .2232 .1214 
3 .0982 .0646 .0052 .0005 .0005 
4 .0503 .0346 .0047 .0004 .0004 
5 .0344 .0246 .0045 .0004 .0004 
6 .0264 .0196 .0044 .0004 .0004 
7 .0210 .0162 .0043 .0004 .0004 
B .0168 .0134 .0043 .0004 .0004 
9 .0134 .0110 .0042 .0004 .0004 

10 .0107 .0091 .0041 .0004 .0004 
11 .0085 .0075 .0041 .0004 .0004 
12 .0068 .0062 .0040 .0004 .0004 
13 .0054 .0051 .0040 .0003 .0003 
14 .0043 .0042 .0039 .0003 .0003 
15 .0034 .0035 .0038 .0003 .0003 

Multiplier .7972 .8259 .9850 .9794 .9794 

structure and the values of parameters 3, 4, and 
5 from table 6.5, the numerical values for each 
characteristic function ordinate were calculated 
(tables 6.7 and 6,8). These ordinates are the 
proportions of flow passing the stream gage 
from rain occUlTing during period one. 

Table 6.7 illustrates the most significant 
change in streamflow detected by data analysis. 
The five characteristic functions in this table 
show the pattern of yield before and after 
channelization. The three functions prior to 
channelization show that 20 to 35 percent of 
flow passed the stream gage during the period 
in which the Tain fell, and fTom 40 to 50 percent 
of flow occurred in the second 5-day period. 
Following channelization, about 70 to 80 per
cent of flow took place in the first period, and 

TABLE 6.8.-Yield chamcte1'istic /1mctions 
using netwo1'k 1'cLinfctll 

5-day Proportion of flow for watershed
period W-A1 W-A2 W-A3 W-A4 

1965-68 

1 0.7084 0.6738 0.5746 0.8108 
2 .1745 .1052 .1803 0 
3 .0083 .0050 .0130 .0051 
4 .0061 .0043 .0101 .0044 
5 .0055 .0041 .0092 .0041 
6 .0051 .0040 .0087 .0040 
7 .0048 .0039 .0086 .0039 
8 .0046 .0038 .0084 .0038 
9 .0044 .0038 .0083 .0037 

10 .0041 .0037 .0082 .0036 
Multiplier .9491 .9794 .9848 .9773 

1969-72 

1 0.5846 0.7033 0.7629 0.5174 
2 .2676 .1113 .1203 0 
3 .0076 .0052 .0169 .0047 
4 .0059 .0044 .0108 .0044 
5 .0054 .0041 .0088 .0043 
6 .0051 .0040 .0078 .0042 
7 .0049 .0039 .0071 .0041 
8 .0047 .0038 .0064 .0041 
9 .0045 .0037 .0058 .0040 

10 .0043 .0036 .0053 .0040 
Multiplier .9600 .9753 .9074 .9901 

Average of the 2 periods 

1 0.6465 0.6886 0.6688 0.6';n 
2 .2210 .1082 .1503 0 
3 .0080 .0051 .0150 .0049 
4 .0060 .0044 .0104 .0044 
5 .0054 .0041 .0090 .0043 
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flow in the second period decreased to 12 to 22 TABLE 6.9.-CCLlcul(Ltion of st(Lte j1Lnction f01' 
percent. The variability within the before and data set vV-Al, 1959-62, Elliott St(Ltion 
after functions is seen to be less than the dif
ference between the before and after functions Previous period runoff 

PPR-1.5 in(fig. 6.13). State PPR-O 

The eight characteristic functions in table 6.8 function Equation Equation Equation Equation 
6.5 6.6 6.5 6.6reveal little information about the differences 

in yield for the four watersheds. All charactel'  SI 1.0 0.9403 1.0 0.9792 
istic functions show that most flow occurs in S2 .0538 .0506 .0193 .0189 
the same 5-day period in which the rain falls, 8'3 .0097 .0091 .0019 .0019 

and that lesser flows occur in the second period. 
Total 1.0635 1.0000 1.0212 1.0000

An abrupt change takes place in the third 
period, and beyond this sustained flows are Computational notes: 1n=Par 1- (6.0-PPR) +Par 2 
small. Watershed \;\/-A4 is different because it (equation 6.4), where PPR is the runoff in immediate 

has zero proportion of flow yielded in the antecedent period. For PPR=O: m=4.216 (dry water
shed). For PPR=I.5 in: ·m=5.692 (wet watershed).second period. 

.9 
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FIGURE 6.13.-Comparison of characteristic functions, watershed W-Al, before and 
after channelization. 
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TABLE 6.10.-CcGlculation of unit-yield function for data set W-A1, 1959-62, 

Elliott Station 


[Convolution with characteristic] 

Coefficients Coefficients5-day Characteristic Unitfor PPR=O for PPR=1.5 in Unit
period function yield yield0.9403 0.0506 0.0091 0.9792 0.0189 0.0019 

1 0.1968 0.1851 0.1851 0.1927 0.1927 
2 .5145 .4838 0.0100 .4938 .5038 0.0037 .5075 
3 .0052 .0049 .0260 0.0018 .0327 .0051 .0097 0.0004 .0152 
4 .0047 .0044 .0003 .0047 .0094 .0046 .0001 .0010 .0057 
5 .0045 .0042 .0002 .0000 .0044 .0044 .0001 .0000 .0045 
6 .0044 .0041 .0002 .0043 .0043 .0001 .0044 
7 .0043 .0040 .0002 .0042 .0042 .0001 .0043 
8 .0043 .0040 .0002 .0042 .0042 .0001 .0043 
9 .0042 .0039 .0002 .0041 .0041 .0001 .0042 

10 .0041 .0039 .0002 .0041 .0040 .0001 .0041 

For pertinent computational notes, see notes to table 6.9. 

TABLE 6.11.-Calculation of sto'rage cmd effective p'recipitation 

Inter EffectiveMaximum5-day polation Runoff Precip Available Soil Weightedprecipstorage itation storageperiod function (2) intake intakeitation(3) (4) (5) (7)(1) (6) (8) 

152 0.212 
153 0.0501 .345 0.491 1.00 0.079 0.921 0.079
154 .0436 1.674 .421 1.56 .070 1.490 .070
155 .0380 1.195 .316 1.35 .eill 1.339 .011
156 .0333 .543 .293 o .063 o o
157 .0298 .764 .281 1.25 .104 1.146 .104
158 .0275 .389 .254 .12 .100 .020 .100 0.180159 .0267 1.206 .257 1.64 .077 1.563 .077 .186160 .0275 .288 .242 o .056 o o .131161 .0300 .174 .291 .53 .160 .370 .160 .2231.62 .0344 .198 .338 .24 .115 .125 .115 .261163 .0411 .149 .403 .67 .142 .528 .142 .295164 .0511 .531 .493 .64 .198 .442 .198 .365165 .0608 .0325 .576 .52 .211 .309 .211 .433166 .0733 1.170 .709 1.54 .276 1.264 .276 .54.9167 .0871 .179 .769 o .220 o o .398
168 .1020 .080 1.002 o .604 o o
169 .1178 .059 1.168 .17 .879 

.290 
o .170 

Computational notes: (1) from parameters 6 through 10 (table 6.5). (2) Runoff observed &1' computed. (3) 
(1) X (10.0-previous runoff), for example, 0.0501 (10.0-0.212) =0.491 and 0.0436 (10.0-0.345) =0.421. (5) 
(3) -previous weighted intake, fol' example: 0.257-0.180=0.077 and 0.242-0.186=0.056. (6) (4) -available 
storage. (7) The smaller of (4) 01' (5). (8) Weighted intake of 6 previous periods: weighting multiplier is 
parameter 11 of model (0.77382), for example: 0.079p'l+ 0.070p" + O.Ol1p I + O.OOO}J~ +0.104}J~ +0.100])= 0.180 and 
0.070p" + 0.011p;; +O.OOOp 1+ 0.104p" + 0.100}J~ + 0.07'l1J =0.186. 

81 



The consistency of the derived results can be and from the characteristic. The actual yield 
emphasized by averaging the ordinates of the of streamflow changes little with the wetness 
functions for the two periods. In table 6.8, these state of the watershed. Table 6.5 shows that 
averages arE: noted for the first five 5-day parameters 1 and 2 vary little for all data sets. 
periods. In these averages the proportion of The conclusion is that the Ahoskie watersheds 
flow yielded in the first periods varies only are essentially linearly responsive in yield. 
from about 0.65 to 0.69; period 2 is transition Following the schematic in figure 6.12, the 
al; and periods 3 and beyond contribute little to computation of storage and effective precipita

tion are shown in table 6.11. Essentially, thestreamflow. The slight variability of propor
storage available to hold incoming rainfall istionate flow in the first period might be a 
calculated, and rain in excess of this amountresult of a consistent ratio of surface water to 
is effective in the generation of streamflow.ground-water flow for all watersheds. 
The noneffective rain enters the soil profile

Parameters 1 and 2 in table 6.5 are used to and decreases the storage available. Between 
quantify the state function (equations 6.4-6.6) rains the storage recovers because of evapo
and to calculate unit-yield functions from the transpiration and deep seepage. 

characteristic functions. For illustrative pur
 The calculations in table 6.10 are for illustra
poses, calculationR for one parameter set are tive purposes only. It is difficult to summarize 
shown in tables 6.9 and 6.10. The computed storage. and streamflow for all data sets. Con
yield functions, together with the characteristic sequently, figures 6.15-6.28, showing rainfall, 
function, are plotted in figure 6.14. The yield storage, and runoff for the 4-year period 
functions differ only slightly from each other analyzed, were prepared. 

/ Characteristic Function 

~._.__Unit Yield Function for 

.5 f- - - - - ~ Wet Conditions 


I ""Unit Yield Function for 
Dry Conditions 

:3 Af
W 

>-
I.L 
o 

Z .3f
o 

f 
0::: 
o 
0_ 2o· ~.~=-:j 
0::: 
Q.. 

. I r

9 103 4 5 6 7 82 
TIME IN 5-DAY PERIODS 

FIGURE 6.14.-Comparison of characteristic and yield functions for wet and dry condi
tions, watershed W-Al. 
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6.1.3.-Prediction for Treatment Effect 

The effect of channelization can be studied 
only by means of the streamflow records at 
watershed W-A1, for the other three stream 
gages were installed after channelization. The 
only 1'ainfa11 records prior to channelization are 
from the Elliott Station. These data were used 
with the water-yield model to see whether treat
ment effects were detectable. Elliott Station 
rainfall, from January 1, 1951, through Decem
ber 31, 1972, was assembled in 5-day subtotals, 
and continuous 5-day volumes of streamflow 
were then predicted. Volumes were predicted 
twice, once with parameters from the 1959-62E 
data set in table 6.5, and again with parameters 
from the 1969-72E data set. The 22-year series 
of yield da .a, rainfall, storage, and runoff were 
then plotted mechanically. Both predictions 
were plotted and compared with observed run
off. Two additional chaxts based on the two 
predicted series were also plotted mechanically: 
one chart was made up of accumulated values of 
observed runoff and the predicted runoff, and 
the other was a continuous plot of the errors 
between predicted and observed runoff for both 
predicted sexies. 

All charts were examined for evidence of the 
effects of channelization. Continuous time plots 
of the predicted values should show a discon
tinuity if an effect is present. No such dis
continuities were detected, and neither were 
time trends evident in the accumulated data. 
Treatment effects may be present in the pre
dictions, but they were obscured by natural 
variability of the rainfall data. 

The effect of channelization upon the char
acteristic yield of runoff from watershed W-A1 
was shO\V11 in figure 6.13. Such a changed pat
tern of yield is the changed response to an 
individual 5-day precipitation value. Actual 
streamfloVI past a gaging point is a cumulative 
value from a long antecedent series of such 
precipitation values. The cumulative values of 
runoff also obscure the change in pattern of 
yield. 

The most noticeable difference in model be
havior for the 22-year series of predictions with 
two sets of parameters was in the seasonal
storage functions. Maximum and available stor
ages in the summer are higher using the 
before-treatment parameters than ·when using 
the after-treatment parameters in the model. 

Based on this observation an additional attempt 
was made to show the effects of treatment on 
runoff. 

Effective precipitation was tabulated for 12 
consecutive 5-day periods for the summer and 
winter seasons for both series of predictions. 
Totals for the 60 days were then compared with 
observed runoff for the same 60 days (figs. 
6.29 and 6.30). 

During the winter the predictions using the 
"before" set of parameters and the "after" set 
of parameters are essentially the same: both 
sets of predictions agree reasonably well with 
the observed values. 

During the summer the predictions using the 
"before" set of parameters are considerably 
smaller than the predictions using the "after" 
set of parameters. For the years after channel 
construction, 1965 through 1972, the predic
tions are in agreement with observed values of 
runoff. However, in 1955 and 1960 excessive 
rain at the Elliott Station caused the model to 
predict high runoff amounts compared to the 
observed. 

Table 6.12 was prepared to average some of 
the year-to-year irregularities in figures 6.29 
and 6.30. Runoff totals in the 60-day periods 
for 12 years prior to construction and 8 years 
after construction are tabulated, and observed 
totals as well as predicted totals with the 
"before" and "after" parameters are given. 
Both summer and winter predicted totals using 
"before" parameters are closer to the observed 
totals for the years 1951 through 1962 than 
are the predictions with "after" pa.rameters. 
Conversely, for both summer and winter, pre
dicted totals using "after" pa.rameters are 
closer to the observed totals for the years 1965 
through 1972 than are the predictions with 
"before" parameters: This consistency of pre
diction lends some credibility to the values of 
the seasonal-storage parameters of the model. 

The total values of the runoff using the 
"after" parameters are considerahly more than 
those of the "before" parameters for the sum
mer season. If these total differences are 
divided by the number of years, the values of 
0.99 inch per year and 1.18 inches per year are 
obtained. The water-yield model applied to the 
rainfall record prior to construction indicates 
that about 1 inch of additional runoff per year 
would have occurred in the summer season, if 

(Continued on page 113.) 
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TABLE 6.12.-Summary of changes in seasonal wate't yield 

[Inches] 

Winter Summer 
Runoff 1951-62 1965-72 1951-62 1965-72 

Predicted, 
using "before" parameters ............. . 49.6 26.5 33.4 8.9 

Predicted, 
using "after" parameters ........ ··· .... . 48.9 27.4 45.3 18.3 

51.8 29.5 18.7 15.3Observed ...... ···························· . 
-6.4"Before" minus observed ................. . -2.2 -3.0 14.7 


"After" minus observed ......... ·.········· -2.9 -1.1 26.6 3.0 

-9.4"Before" minus "after" ................... . 	 .'1 -.9 -11.9 

.06 -.11 -.99 -1.18Change per year 	.......................... . 
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the channels had then been constructed. The 
same model applied to the rainfall record after 
construction indicates that slightly in excess of 
1 inch les~ runoff per year would have occurred 
in the summer season, if the channels had not 
been constructed. 

The average change pel' year during the 
winter season is small, and the averages also 
are inconsistent, showing both a slight decrease 
and a slight increase in runoff following 
channelization. 

6.2.-STORM ANALYSIS 
Storm analysis deals with watershed response 

to rain during individual storm events. Such 
event analysis must deal with two aspects of 
response: (1) the volume of water delivered to 
streamflow in relation to the volume of input, 
and (2) the characteristic timing of the 
response. 

6.2.1.-Rainfall-Streamflow-Storage 
Volume Relations 

Streamflow measured in the surface channels 
in the Coastal Plain physiographic area repre
sents combined contributions over and through 
the soil mantle. Several subjective methods of 
hydrograph sepatation are given in the litera
ture (7), but, since the methods require subjec
tive judgments, total streamflow is considered 
the most feasible element for analysis. 

Criteria were established to select storms for 
streamflow-volume analysis. All storms were 
selected for which there was at least a O.5-foot 
rise in stage or a rise resulting from a O.5-inch 
rainfall. These criteria resulted in numerous 
small-volume storms, as well as those with large 
volumes. Breakpoint tabulations of the stream 
stage were made for all selected storms. 

Streamflow response to precipitation results 
in storm hydrographs superimposed upon reces
sion flow from previous rainfall. Storm-volume 
calculations were made by extrapolating the 
antecedent recession beneath the total hydro
graph by 

(6.7) 

where q is discharge, t is time, and band mare 
parameters evaluated from three pointfl on the 
antecedent recession (18). Extrapolated reces
sion rates were subtracted from the total 
hydl'ograph discharge rates, and the volume cal

culations were continued to an arbitrary point 
well out on the total hydrograph recession. The 
recession equation (6.7) was then applied with 
appropriate parameters determined from the 
total hydrograph recession. The volume in the 
storm hydrograph tail was determined by inte
grating the two recession equE-<tions to infinity 
and subtracting the respective volumes. This 
computed difference was added to the volume 
previously determined to give thp. total storm 
volume. 

Watershed-storm-rainfall volumes were de
termined from daily rainfall weighted by the 
Thiessen method. Some storms selected for 
analysis had broken rainfall patterns. In those 
cases in which the storm rainfall could not be 
decisively determined, the storms were elimi
nated from the analysis. 

Streamflow response to precipitation is de
pendent upon the degree of wetness, or volume 
of water in storage, in the watershed at the 
time the storm occurs. The literature contains 
several procedures used to determine antecedent 
precipitation or antecedent soil moisture. In 
section 6.1, 5-day water-yield analysis, a pro
cedure was described to determine the available 
storage in the watershed. The available storage 
was determined for the beginning of each 5-day 
period throughout the record period for each 
watershed. Although the beginning of each 
5-day period did not necessarily coincide with 
the day on which individual storms occurred, 
the available storage values computed in the 
5-day water-yield analysis were obtained to 
represent storage indexes for each storm event 
selected. These data, storm runoff volumes, Q, 
storm precipitation volumes, P, and available 
storage indexes, ASI, constitute the data for 
the storm rainfall-runoff-storage relationship 
analysis. 

Calculations of the three components were 
made for each of the four watersheds. It should 
be pointed out that the short record period 
resulted in few large volume storms, and that 
the methods of calculations do not result in 
exact values of the three components. Although 
the data are known to contain some degree of 
error, there is sufficient evidence to justify 
determination of the interrelations. 

Computed storm-rainfall volumes, runoff 
volumes, and available storage indexes were 
plotted for watersheds W-A1, W-A2, W-A3, 
and W-A4 (figs. 6.31-6.34). ASI values were 
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FIGURE 6.31.-Storm rainfall-streamflow-storage relationships, watershed W-A1. 

arbitrarily grouped as follows: 0<ASI<0.50, 
0.50<ASI <1.0, 1.0 <ASI<2.0, and 2.0<ASI. The 
categories represent watershed available stor
age conditions ranging from low available 
storage to high available storage, or wet ante
cedent conditions to dry antecedent conditions. 

To illustrate application of these P-Q-ASI 
relationships, assume that watershed W-A! is 
at an ASI of 1.5 (the midpoint value for 1.0< 
ASI<2.0) and receives 2 inches of l'ainfall. 
From figure 6.31 a resultant runoff volume of 
0.42 inch is determined. 

The similarity of function between the rainfall
runoff-available-storage-index rela tionsh ips 
and the SOS antecedent moisture condition 
(AMO) technique for determining storm runoff 
should be noted. For comparison of results ob

tained using the two techniques, the following 
example is presented. 

At the midpoint of the 2.0<ASI grouping 
(which represents a low antecedent moisture 
condition such as AMC I) for W-A1, a rainfall 
volume of 2.0 inches produces a runoff volume 
of 0.10 inch. According to figure 10.1 of section 
4, Hydrology, "scs National Engineering 
Handbook" (25), the corresponding watershed 
curve number (CN) is 62. From table 10.1 in 
the handbook, it may be determined that a CN 
of 62 for AMC I corresponds to a eN of 91 for 
AMC III (a wet antecedent condition). By 
means of the SOS procedure and figure 10.1, 
a runoff volume of 1.20 inches is predicted for 
W-A! in a wet antecedent condition (AMC III) 
with 2 inches of rainfall. By means of the P-Q
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FIGURE 6.32.-Storm rainfall-streamflow-storage relationships, watershed W-A2. 

ASI relations of W-A1 (fig. 6.31), for an TABLE 6.13.--SCS curve number and storm

available storage index of 0.5 (low available runoff volumes, watersheds W-A1, W-A2, 

storage), the same runoff volume of 1.20 inches W-AS, and W-A4 

is determined. 


[Precipitation = 2.00 inches] With the above procedure, CN and runoff 
volumes were determined for each of the other 

Watershed
watersheds in an AMC III state, for compari

W-A1 W-A2 W-A3 W-A4 
sons with AS! determined values. Results are 
tabulated in table 6.13. OnW-A4, good cor Storm runoff 

Q (AMO I) 0.10 in 0.17 in 0.13 in 0.14 inrespondence was again observed between the 
SOS ON (AMO I) .. 62 66 64 65SCS technique and the ASI based technique, SCS ON (AMO III) . 91 92 92 92

but correspondence was less satisfactory for SOS tl (AMC III) .. 1.20 in 1.25 in 1.25 in 1.25 in 
W-A2 and \v-A3. q (ASI=0.50) ..... 1.20 in 1.04 in 1.00 in 1.18 in 

Runoff volumes were also computed for AS! Q (ASI =0.25) ..... 1.60 in 1.52 in 1.50 in 1.59 in 

values of 0.25, which represents a lower storage 
Abbreviations: Q= storm runoff volume. (J= calcu

availability and hence a greater percentage run lated value of Q. CN=curve number. AMC=antecedent 
off. ASI values of less than 0.25 were computed moisture condition. ASI=available storage index. 
for runoff events on each of the study water
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FIGURE 6.33.-Storm rainfall-streamflow-storage relationships, watershed W-A3. 

sheds except W-A4, and so an ASI of 0.25 
represents a realistic field condition. It may be 
noted in table 6.13 that for ASI=0.25, predicted 
runoff volumes exceed the maximum SCS pre
dicted values (for AMC III) by 20 to 33 
percent. 

The available storage index is a byproduct of 
the development of the 5-day water yield model. 
The ASI technique for adjusting predicted run
off volumes based on watershed available stor
age conditions results in a continuum of values 
and provides a greater range of values than the 
SCS three-value (AMC I, II, and III) procedure. 

In view of the greater flexibility and the 
potential application of the ASI technique, ad
ditional study could prove worthwhile. It should 
be repeated that the data used in developing 

these P-Q-ASI relationships represent a rela
tively short period with few large storms. The 
following section presents a method of dealing 
with the limited data period by optimizing 
parameters over a sequence of storms. 

6.2.2.-Rainfall to Streamflow 
Response Time 

The relationships between the timing of rain
fall input and the streamflow output for the 
four watersheds were determined by means of 
a storm-hydrograph model previously reported 
(15). This model was altered slightly for effi
cient use in optimization techniques (fig. 6.35). 

Model st'ructwre.-The model is composed of 
three submodels, each of which is parametri 
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FIGURE 6.34.-Storm rainfall-streamflow-storage relationships, watershed W-A4. 

cally defined. The parameters are numerically 
Storm Rainfall Characteri sti c evaluated as discussed later. Details of the re in Increments Function 

tention function are given in figure 6.36. The Per Unit of TIme 

retention as computed is to be regarded as 
capacity for retention; actual volume of water 
retained depends upon the amount of rain. The State 

Functionmathematical formulation of the function is 
given as a finite difference equation: 

Effective Rainfcll Unit 
in Increments Response 

Per Unit of TIm;; Functions 

(6.8) 

In this equation 1't is the rate of retention at FIGURE 6.35.-Schematic of model for storm
time t, .).t is the incremental unit of time, hydrograph analysis. 
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r t+M is the retention rate after time lapse tlt. 
The precipitation in time D.t is PM in inches 
per hour. The maximum rate of retention was 
set at 20.0 inches per hour, and the minimum 
rate is RL in inches per hour. The coefficient b 
is a mathematical shape parameter of the re
tention function. Three terms in the function 
were designated "parameters of fit" for evalua
tion by optimization techniques: (1) the value 
of the functions at time zero, the beginning of 
the storm; (2) the minimum rate of retention, 
RL; and (3) the shape parameter b. Any por
tion of any rainfall increment in excess of the 
retention function is defined as the effective 
portion for flow generation. Although the ef
fective volumes are measured in watershed 
inches, these volumes are not assumed to be 
uniformly distributed over the watershed. Such 
nonuniform distribution is given by the 
characteristic function. 

Construction of the characteristic function 
is shown in figure 6.37. The characteristic is a 
step function defined on a set of five para
meters that outline a boundary with a maxi
mum value CPl at time CP4. An angle point of 
height CP2 is located at time CP5, and an addi
tional angle point is located at time twice CP5. 
An end ordinate of the boundary marks the base 
of the storm hydl·ograph to be used in analysis. 
The boundary so outlined marks the height of 
the steps of the characteristic function at the 
end of each time increment. The five terms CPl 
through CP5 are the characteristic "parameters 
of fit." The end ordinate is computed as that 
value needed to make the area under the char
acteristic equal to 1 watershed-inch of volume. 
A small triangular end-area with height equal 
to the end-ordinate and with base equal to the 
storm base is included. 

The previous section described the character
istic function as a structure for optimization 
from observed hydrographs. Conceptually, the 
characteristic function is a volume-distribution 
function. Such distribution can be regarded as 
the time-transform of a watershed map of po
tential runoff. Consider placing a square grid 
over a map of the watershed, calculating the 
effective rain for each square of the grid for a 
significant storm rainfall of duration equal to 
one time increment, and computing travel time 
from the center of each grid square to the 
outlet. Lastly, form a type of statistical histo

gram by accumulating the amounts of effective 
rain by classes of travel time, the width of each 
class being equai to one unit of time increment. 
Following construction the histogram must be 
rescaled to equal 1 watershed-inch. 

The next step in the sequence of watershed 
processes follows from the conceptual definition 
of the characteristic function. As each burst, or 
time increment, of effective rain is established 
by the retention function, the characteristic 
function describes the distribution of source 
areas. The next step is to move the water from 
the source areas through the channels to the 
watershed outlet. 

Movement of water through the channels can 
be expected to vary with the amount of water 
in storage in the channel system. Velocities are 
greater for channels flowing nearly full than 
for channels nearly empty. Average velocities 
may decrease for overtopped channels with 
water moving slowly over wide flood plains. 
These changing velocities as water moves 
through varying levels of channel storage cause 
variation in timing of response to rainfall as 
observed at the outlet. The state function is a 
parametric approach to the effect of storage, 
or the state of wetness, on stream response. 

The recession of streamflow following the 
peak of a storm hydrograph closely follows a 
descending exponential curve. Conceptually, 
such a curve is produced by the drainage of a 
reservoir with the rate of outflow proportional 
to the volume of water stored in the reservoir. 
These considerations lead to the choice of an 
exponential form for the state function of the 
hydrograph model. Use of this function will be 
equivalent to routing the characteristic function 
through channel storage. 

The state function, written to express a stor
age-routing process that varies with the volume 
of storage, must be based on some index of 
storage. This index, shown as a function of time 
during the storm, is calculated by 

I(t) =SP1+SP2(WQ/DA+ (1- W)P M It:.t). (6.9) 

In equation 6.9, SP1 and SP2 are the para
meters to be determined empirically by optimi
zation; Q/JDA is the discharge per unit of 
drainage area at the beginning of a time incre
ment; Pt. t / ut is the precipitation during the 
increment, converted to depth per unit of time; 
and W is an external weighting term. For any 
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watershed, W can be set to any value from 0 to 
1: for a value of zero the storage index is based 
entirely on rainfall or input storage, and for a 
value of 1 the storage index is based entirely 
on streamflow or output storage. Intermediate 
values produce a composite storage based on 
both input and output. 

The state function, based on the storage 
index, is expressed by 

S (T) =1 (t) • exp (-1 (t) ·T). (6.10) 

Equation 6.10 is the state function continuous 
in T, the relative time within the function. For 
discrete routing, or convolution, in steps equiva
lent to the time increment, sequential segments 
of the area under S (T) are used as routing 
coefficients. These segments of area can be 
computed by integration as shown in 

l' 

aCT) = f S(T)dT. (6.11) 
1'-1 

The action of the model in representing 
watershed processes can now be summarized as 
follows: the characteristic function is routed to 
the watershed outlet by the coefficients calcu
lated by equation 6.11. The routed characteristic 
is the unit response to rainfall in one time incre
ment. Since the state function varies with stor
age during each time increment of rainfall 
duration, a different unit response is calculated 
for each increment of rain. Second-stage rout
ing of the sequential volumes of effective rain
fall, each by its own unit response function: 
yields the storm discharge hydrograph. 

Pammete?" optimization.-The storm-hydro
graph model outlined above is based on a total 
of 10 empirically determined mathematical 
parameters, each of which serves a specific 
purpose in establishing a numerical representa
tion of the watershed process. The retention 
function contains three parameters, the char
acteristic function five, and the state function 
two. The values of the parameters can be ex
pected to vary to some degree from storm to 
storm, because of errors in recording instru
ments, undetected changes in streamflow rating 
tables, and differences between computed and 
true rainfall in the drainage basin. 

A computer program was written to deter
mine values of the 10 model parameters simul
taneously from several storms. Practical 
'considerations of program size and running 
time required that the number of storms for 
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simultaneous optimization be kept relatively 
small. The program written allows use of seven 
storms as a maximum. Each storm can have a 
different base of up to 60 time increments and 
a different duration of up to 25 increments of 
rainfall. The program searches for best values 
of all the parameters until the squared differ
ences between the computed and observed dis
charge ordinates for all storms are minimized 
simultaneously. 

Special treatment was necessary for one 
parameter. Initially an antecedent index of wet
ness was calculated for each storm, and this 
index was scaled to initial retention by one 
parameter of the retention function. This 
method failed because the antecedent index was 
not accurate enough to yield true initial condi
tions for the storms. Consequently, the initial 
retentions were externally adjusted after each 
five iterations of the optimization routines. A 
printer plot of all storms after five iterations 
gave rainfall, retention, and predicted and ob
served discharge hydrographs. Any storm with 
too much runoff had its initial retention in
creaJed, and any storm with too little runoff 
had it.::. initial retention decreased. Following 
this, another five iterations of optimization 
were performed, and the process was continued 
until correlation coefficients reached approxi
mately 0.95. Only relative initial retentions 
were adjusted externally. These values were 
still parametrically optimized. All nine remain
ing parameters, including the remaining two 
in the retention function, were optimized 
internally with no external controls. 

Selection of events for optimization.-The 
dates of all events on all watersheds with storm 
rainfall in excess of 2 inches were tabulated. 
After this list was purged of all events with 
actual or suspected gage malfunction, the 
residual list was surprisingly small. It had been 
anticipated that several data sets could be as
sembled, each set consisting of about seven 
storms. These sets were to be designated as 
summer and winter, large storms and small 
storrhs, wet conditions antecedent to the storm 
and dry conditions antecedent to the storm. 
However, it was impossible to form such storm 
groupings from the small residual storm lists. 
Only one summer and one winter list was pre
pared and optimized for each watershed. The 
dates of storms used in optimization of the 
model are shown in table 6.14. For some lists 
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TABLE 6.14.-St01'1n dates fo?' multiple-event analysis 

Summer storm dates 
Watershed 1964 1965 May 29, 

Aug. 3 Aug. 31 Sept. 12 June 11 June 15 July 15 1966 

W-A1 X X 
W-A2 X X X 
W-A3 X X X 
W-A4 X X X 

____• ____ o ___________ 

1967 1969 1971 
June 18 Aug. 10 May 18 June 18 Sept. 20 Aug. 22 Aug. 26 

W-Al X x x x 
W-A2 X x 
W-A3 x X 
W-A4 X X x 

Winter storm dates 
1964 1968 1969Jan. 7, 

Oct. 3 Dee. 25 1967 Jan.13 Mar.16 Jan.19 Jan.31 Feb.1 Oct. 2 

W-A1 X X X X 
W-A2 X X X X X X 
W-A3 X X X X 
W-A4 X X X X X 

1910 Oct. 22, Dec. 13, 
Feb. 2 Mar. 30 Apr.lS'-' Oct. 22 1971 1972 

W-A1 X X X 
W-A2 X 
W-A3 X X 
W-A4 X .- "'- .~--~----- ---- ..,-- --_._---- ----.-------

TABLE 6.15.-Optirnized values of pammeters and cO?'relation coefficients for streamflow-response 
model, summer and winter storms, Ahoskie Creek watersheds 

Retention State function 
Number Characteristic function!!parameters parameters Storage CorrelationWatershed L of . - ~ - .~~ -- -- ----Minimum (W) coefficientstorms Shape CP1 CP2 CP3 CP4 CP5 SP1 SP2retention 

Summer 

W-A1 6 0.0500 0.0619 1921 719.0 86.3 2.09 8.18 0.0352 0.549 0.6 0.97 
W-A2 5 .5124 .0389 895 260.0 65.8 1.00 4.91 .0620 .057 .6 .83 
W-A3 5 .0931 .0024 147 31.4 13.5 1.00 8.63 .0025 1.695 .5 .98 
W-A4 6 .8853 .0538 226 206.0 17.9 1.91 4.76 -.2775 14.754 .5 .96 

Winter 

W-A1 7 0.0994 0.0056 2142 852.0 70.6 1.00 10.28 0.0024 0.592 0.5 0.97 
W-A2 7 .3240 .0248 1099 231.0 45.7 1.00 7.48 .1017 -.142 .6 .95 
W-A3 6 .2000 .0143 119 55.3 25.8 1.80 8.57 .1568 11.747 .75 .96 
W-A4 6 .2318 .0020 175 39.8 11.7 2.57 7.98 .0716 6.437 .6 .93 

1 Time increment is 1 hour for watershed 4, 2 hours for other watersheds. 

~ See figure 6.37. 
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FIGURE 6.38.-Computed and observed hydrographs, summer storms, watershed W-A3. 

only five storms were available and had to be represent multiple patterns, and figure 6.38 il
used without regard for varying storm and lustrates this capability of the. model. The cor
antecedent conditions. Consequently, the de respondence between computed and observed 
rived storm parameters are not considered hydrographs is shown for the' five summer 
completely satisfactory. storms on watershed W-A3, as well as the 

Table 6.15 shows the derived values of the determination of effective rain by the retention 
model parameters. The parameter for the initial function. Correspondence is good except for 
value of the retention function is not shown, minor irregularities. 
since, as explained above, initial values for indi Most values of the parameters in table 6.15 
vidual storms had to be externally adjusted. are hydrologically acceptable, but the results 
The high values of the correlation coefficients for watershed W-A2 are considered suspect. 
in table 6.15 give assurance that the model is Difficulty was experienced in getting near
capable of representing streamflow response to optimum values of the parameters. The rela
various rainfall patterns. Essentially, this tively low value of 0.83 for the summer storms, 
means that single sets of parameters can and the physically impossible value of -0.142 
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1200r--------------------, enced with storm analysis is illustrated in fig
ure 6.39, in which the computed and the observed 
hydrographs for the storm of February 2, 1970, 
are superimposed. Whereas the calculated hyi 
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FIGURE 6.39.-Computed and observed hydrographs, 
watershed W-A1,February 2, 1970. 

for parameter SP2 of the state function are 
reasons for suspicion. The negative value of 
SP2 would mean that response becomes slug
gish with a high-storage index. Aside from 
watershed W-A2, the parameters for the char
acteristic and state functions, which combine 
to produce the unit-response functions, are 
fairly consistent. The timing of streamflow fol
lowing rainfall, therefore, appears to be estab
lished to some degree. However, variability is 
great among the retention function parameters. 
The values for any watershed, summer or win
ter, are not irrational, and cannot be arbitrarily 
rejected. The variability of the parameters is 
probably a result of insufficient data and the 
need to include all available storms on the lists. 
Given more data and the possibility of establish
ing lists of storms with similar properties, the 
volumetric parameters would probably be more 
consistent. 

A further example of the difficulty experi

drograph shows a rise to a relatively narrow 
single peak, the observed hydrograph shows 
a faster rise to peak, followed by a broad seg
ment of nearly constant high flow. The ob
served hydrograph shape might have been 
caused by backwater, but this possibility has 
been eliminated by means of reanalysis of 
stage-discharge measurements.1 The occasional
ly broad flat-topped hydrograph shape could 
also be caused by surface or subsurface runoff 
from portions of the watershed that contribute 
only intermittently to streamflow. The presence 
of such source areas, not adequately accounted 
for in the determination of drainage area, 
would also offer some explanation for the high 
storm-runoff volumes in relation to rainfall in 
figure 6.31. However, available information 
is not sufficient to establish an accepted 
explanation. 

In brief, the approach to storm analysis pre
sented above appears feasible, for a parametric 
model can be optimized across several storms 
simultaneously. The parameters so obtained are 
average values for all storms and have the ex
h'eme advantage of any statistical averaging 
process. Use of this modeling technique on 
multiple storms requires a sufficient quantity of 
precise data, and the averaging process can be 
used advantageously only when storm lists can 
be prepared to emphasize a particular property. 
Storms vary in many ways, by antecedent mois
ture conditions, by complexity of rainfall pat
tern, and by maximum intensity of input 
rainfall. The manner in which each of these 
conditions affects the model parameters should 
be determined by using lists of storms that are 
homogeneous in the effects being studied. Re
sults of multiple-event analysis in this study 
show that lag times from rainfall input to 
streamflow output are readily determined, but 
analyses for the determination of precise 
volumes of runoff were less successful. 

The elements necessary for the improved pre
dicti"l1 of runoff volume have been identified. 
rrhe retention function must be calibrated in 

1 Personal communication, Ralph C. Heath, district 
chief. U.S. Geological Survey, Raleigh, N.C., February 
25, 1975. 
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FIGURE 6.40.-Characteristic and selected response 
fii.r.<:tions for summer storms, watershed W-Al. 

two parts: the shape of the function throughout 
the duration. of storm rainfall can be obtained 
by multiple storm analysis of adequate data, 
but the initial value of the function must be 
obtained by some other procedure. The use of 
the index of available storage from the 5-day 
water-yield model showed promise when used 
in the separate analysis of storm-rainfall 
volumes and storm-runoff volume. Additional 
research, with data from a project designed for 
the purpose, should produce a method of inte
grating all the necessary elements for solution 
of the problems of initial storm condition. 

6.2.3.-Prediction of Storm Hydrographs 

Because all storms cannot be presented and 
because many details of the unit-response func
tions for each rainfall increment for each storm 
must be omitted, the use of the information in 
table 6.15 will be demonstrated by predicting 
storm hydrographs for a synthetic rainfall. The 
same rains were used on each of the four water
sheds, adjusting only for the size of the drain
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FIGURE 6A1.-Simulated hydrograph with variable 
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FIGURE 6.43.-Simulated hydrograph with variable 
response for summer storms, watershed W-A2. 

age area, A summer-storm hydrograph and a 
winter-storm hydrograph were generated for 
f'&ch watershed. Constructional details of these 
eight predicted storms are shown in figures 
6.40-6.55. 

Stochastically simulated storm rains were 
taken from tables 5.1 and 5.2, and an average 
pattern of storm-rainfall increments was de
termined for the first 10 storms in each table. 
As an example, for watershed W-A1, these 
calculated values are shown at the top of fig
ures 6.41 and 6.49. Parameters of the model 
were set to the numerical values in table 6.15 
with some exceptions. The initial value of re
tention was set to 0.10 inch per hour for sum
mer storms and to 0.05 inch per hour for winter 
storms. The value of the shape parameter of 
the retention function was s'et to 0.2 in place of 
the large values for certain of the analyses in 
table 6.15. Also, the characteristic function for 
watershed W-A2 was modified by comparison 
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FIGURE 6.44.-Characteristic and selected response 
functions for summer storms, watershed W-A3. 

with the other watersheds, because of the diffi
culty experienced in optimization for the 
watershed. 

Hydrographs of streamflow can be generated 
for any given set of storm-rainfall increments 
and any given set of numerical values of 10 
parameters. A computer program using the 
identical model structure as the method for 
deriving optimum values of parameters from 
recorded storms was prepared. However, the 
cumbersome and complex mathematical rou
tines for optimization were eliminated from the 
hydrograph simulation program. 

Outputs from the hydrograph-simulation pro
gram include the average value of the retention 
function for each time increment of rainfall, 
the resultant effective rainfall, the character
istic function, the unit-response function for 
each increment of rainfall duration, and the 
hydrograph. Figures 6.40, 6.42. 6.44, and 6.46 
contain the characteristic functions and se
lected response functions for summer storms 
for the four watersheds. Figures 6.48, 6.50, 
6.52, and 6.54 show these functions for the 

125 

http:6.40-6.55


.r; -Relenlion 
N 
"
c: 

Constant response ( linear) 
240 

200 

r2:I/) 

160-

w 
(!)
a:: 120 
<l 
I 
U 
(J) 

o 80 

40 

o 10 20 30 40 50 
TI ME (hours) 

FIGURE 6.45.-Simulated hydrograph with variable 
response for summer storms, watershed'V-A3. 
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FIGURE 6.47.-Simulated hydrograph with variable 
response for summer storms, watershed W-A4. 

winter storms. The two response functions se
lected for plotting were the ones with the high
est peak and the lowest peak, or the most rapid 
response to rainfall and the slowest response 
to rainfall. Since the response functions are 
actually the transformed characteristic function 
following routing through a variable channel 
storage, the response of the watershed to 
rainfall is nonlinear. 

A storm hydrograph was computed for both 
the summer and the winter simulated rains on 
each of the four watersheds (figs. 6.41, 6.43, 
6.45, 6.47, 6.49, 6.51, 6.53, and 6.55). The re
tention function was held the same for both 
lineal' (constant) response and nonlinear 
response. 

The nonlinear-response functions show that 
the watersheds act differently u.nder various 
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FIGURE 6.48.-Characteristic and selected response 

functions for winter storms, watershed W-AI. 
 FIGURE 6.49.-Simulated hydrograph with variable 

response for winter storms, watershed W-A!. 

amounts of storage. For example, the peak of 
the most rapid response for watershed W-Al 

~--=;~~~~---------,1200in winter is 1,058 ft3/s, and the peak of the 
slowest response is 400 ft3/s. If rain falling in Mosl rapid response 

a 2-hour period produced 1 inch of effective 
rainfall, these peak response values would also 1000 

be the peak hydrograph values. In other words, If) 0 
Z 

~predicted peak flows might vary up to two and ~ 
::=400 800 ~ one-half times, depending upon the value of the :::> 

storage index. a:: 
IL.w 

(!) 

uComparison of the hydrographs for nonlinear ~ 300 600 ~ 
·U V>and linear response shows only small differ
~ a:: ences compared to the differences in the re 0 w 

sponse functions, and this slight difference in f
400~ 

the storm hydrographs cannot be generalized. Z a:: 
<t:::>The differences shown are only for the par :r 
u 

ticular storm patterns that had been stochasti 100 200 

cally simulated. By chance, three major bursts 
were generated for both storms. Differences 
between nonlinear and linear response were o 10 

TIM E (hours)minimized by the split rainfall. Also, since the 
partiCUlar linear response used in these calcu FIGURE 6.50.-Characteristic and selected response 
lations is based on median values of the storage functions for winter storms, watershed W-A2. 
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index, an almost infinite number of combina o~~~~~~~----------~ 
tions of rainfall patterns and response patterns ~ ~,a~R.''''ntian 
is possible. The effect of nonlinearity cannot "-

c: 
be estimated for all combinations. Conservative 
design procedure would seem to require the 
calculation of storm hydrographs based on non
linear response, since these in general will 
produce somewhat higher peak flows. 

The effect of channelization upon the storm 
hydrograph cannot be determined, for recorded 
hydrographs are available only from watershed 
W-Al before channelization. Also, hourly rain
fall data are available only after the recording 
gages were installed in 1964. Such hourly data 
would be necessary to establish the watershed 
response to rainfall prior to channelization. 

6.3.-RECESSIONS 

Streamflow during recessions, that is, during 
periods of little or no rain, represents a mini
mum dependable future supply of water from 
natural storage. Water management might be
come much more efficient if low flow rates 
could be predicted with reasonable accuracy. 
Estimates of recession characteristics will 
facilitate the forecasting of allowable with
drawals from streams for irrigation and the 
prediction of volumes available for pollution 
abatement. Although the recession of stream
flow following storm periods has been studied 
for a long time, quantitative mathematical ex
pressions for accurate prediction of flow during 
recession periods are stilI lacking. Consequent
ly, a convolutional model of streamflow reces
sion has been formulated and tested (29). The 
model also serves as an integral part of the 
water-yield model discussed earlier, providing 
a means for streamflow analysis between 
storms. 

The recession model has been modified 
slightly to predict ground-water recessions. Al
though the excellent results obtained in predict
ing streamflow recessions have not been equaled 
in predicting ground-water recessions, fairly 
good results have been obtained. Further L10del 
development and refinement are expected to 
produce a satisfactory prediction procedure. 

6.3. I.-Streamflow 

Streamflow recession generates a sequence 
of flow volumes by days for the period desired 
(29). Three inputs are required: (1) volume 
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FIGURE 6.55.-Simulated hydrograph with variable 
response for winter storms, watershed W-A4. 

for first day of recession, (2) one parameter, 
b, that defines a routing function, and (3) five 
parameters that define a characteristic func
tion. The parameters, which are related to the 
initial rate of flow and to the size of the drain
age area, are determined by optimization with 
historical streamflow records. 

USGS streamflow records from the four 
Ahoskie gaging stations were utilized in testing 
the recession model. Forty to fifty recessions, 
ranging from 10 to 29 days in duration, were 
selected from each drainage area, and the model 
was fitted to each recession to obtain values 
of the parameters. Relationships between para
meter values and VlJ the first flow, were then 
evaluated. Similarly, relationships between the 
parameter values and the area, with VI held 
constant, were evaluated. Results confirmed 
the expected patterns of definite relationships 
between the parameter values and the initial 
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flow rate and the size of the drainage area. the values of b, parameters defining ordinates 
Most important, results were cast into con of the characteristic function increase linearly 
sistent quantified forms that provide, by means with increasing values of initial discharge, Vl' 
of optimization procedures, the maximum cor Although only data for W-A1 are shown in the 
respondence between the recession model and figure, results were similar for the other 
the historical recession flow rates. drainage areas. 

The relationship of b (parameter 1) to the Values of C1 in figure 6.57 are much greater
initial discharge rate and to the size of the than those of C2 through CN. A decrease can be 
drainage area is shown in figure 6.56. As noted in ordinates C2 through CN, though the 
the drainage area decreases, the values of b in differences are relatively small. Unlike C1, 
crease. For example, at a V 1 value of 20 sfd these ordinates all appear to have the same 
(second-foot-day), b increases from 0.325 for value of zero at zero discharge. In figure 6.58, 
W-A1 to 0.433 for W-A2, to 0.655 for W-A3, the ordinate C1 is plotted against V1 for all 
to over 1.0 for W-A4. Also, parameter values four drainage areas. This ordinate is primarily 
increase consistently with increasing values of dependent on V 1 and secondarily dependent on 
V 1 for each drainage area. The smaller the area, area in the Ahoskie dl 'linages. This area 
the more rapid the increase in parameter values dependency appears to be significant and 
with increasing discharge. consistent. 

Parameters 2 through 6 define the ordinates The close correspondence between the calcu
of the characteristic function. The value of the lated volumes and the observed volumes for a 
optimized ordinates of the characteristic func recession is shown in figure 6.59. The calculated 
tions for the test recessions for watershed W values fluctuate slightly from the observed 
Al are shown in figure 6.57. In contrast to values, but this may be expected since the 
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TABLE 6.16.-G1·ound-water recessions, minimum and maximum well stages and pammete1' values 

Parameter-
Well Stage 11 22 13 14 

Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum 

1 68.35 74.98 0.40043 0.51709 207.19 
2 64.35 69.69 .31329 .44818 239.23 
4 65.82 71.30 .35267 .44662 221.49 
5 48.51 53.87 .22132 .30374 244.30 
6 39.91 43.84 .24995 .33919 180,48 
7 49.90 56.90 .25102 .33597 224.80 
8 41.73 42.84 .30366 .31992 160.15 

1 Parameter values increase with increasing discharge. 
2 Parameter values decrease with increasing discharge. 

mathematical computations proceed in a smooth 
consistent manner, which may not occur in a 
natural flow event. However, the daily differ
ences are generally small and tend to be com
pensatory, allowing for a close approximation 
of the total volume for the entire recession 
period. For convenience, the values of the 
characteristic and routing functions are also 
shown. 

6.3.2.-Ground Water 

The techniques developed in streamflow anal
ysis and prediction were extended to ground
water recessions, but two modifications of the 
model were necessary. Reduction to only four 
parameters improved results, as well as slightly 

185.92 68.18 '[3.92 68.16 72.32 
193.00 64.15 69.40 63.50 68.92 
198.00 65.50 70.60 65.16 69.93 
207.04 48.40 53.84 48.29 53.10 
152.68 39.82 42.42 39.68 42.42 
199.37 49.80 56.92 49.51 56.29 
154.98 41.59 42.64 41.46 42.59 

reducing the mathematics performed by the 
computer: parameter 1 still defines a routing 
function and the other three parameters define 
a characteristic function. 

Whereas all parameter values of the stream
flow-recession model increased with increasing 
values, this was true only for parameters 1, 3, 
and 4 of the ground-water-recession model. The 
values of parameter 2 decreased with increas
ing ground-water elevation. This reversed 
behavior is unexplainable at this time. 

Ground-water recessions in the Ahoskie 
drainage area have proven to be difficult to 
model, because of the small difference between 
the peak and the end of a given recession. As 
shown in table 6.16, for all recessions studied, 
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FIGURE 6.62.-Successive predicted recessions during recharge period, watershed W-Al. 

the greatest change in stage was only 7 feet 
(well 7). In addition to showing the minimum 
and the maximum stages, table 6.16 also shows 
the minimum and the maximum values of the 
four parameters for the seven wells. It is ap
parent from these data that the minimum and 

the maximum values of parameter 3 closely 
approximate the minimum and the maximum 
well stages, respectively. Parameter 4 values 
are just slightly less than those of parameter 3. 

Results achieved with the ground-water-re
cession analysis have been less satisfactory than 
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FIGURE 6.63.--Successive predicted recessions during recharge period, watershed W-A2. 
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those obtained with the streamflow-recession 
model, indicating that this model requires 
further development and testing before being 
applied in prediction. 

6.3.3.-Prediction 

Verification testing of the model had three 
primary objectives: (1) to match predicted 
recessions with observed data, (2) to demon
strate recessions that may and those that may 
not receive significant contributions from 
ground-water recharge, and (3) to extend re
cessions from consecutive storms in order to 
separate the recession-flow volumes attribut
able to each storm period, thus facilitating a 
more complete and accurate hydrograph anal
ysis. Flow data that had not been used in model 
development were utilized in testing. 

Figures 6.60 and 6.61 illustrate the closeness 
of the fit of the predicted recessions of 10 and 
15 days, respectively, as well as the smoothness 
of the predicted recessions. Recession analysis 
is used to define the portion of runoff that does 
not occur as rapid runoff and that may derive 
from ground water. This capability makes 
recession analysis R. vital component of the 
water-yield model discussed earlier. Figures 
6.62 and 6.63 depict a series of runoff events 

of watersheds W-Al and W-A2, respectively, 
in which the several recessions separate periods 
of significant recharge. Recessions for a num
ber of consecutive storms are each projected 
ahead for 60 days. In these figures, the volume 
of flow represented by the area between any 
two consecutive recession curves comes from 
ground water recharged during the associated 
storm. 

In contrast, figures 6.64 and 6.65 illustrate 
a series of runoff events for the same water
sheds in which there is little recharge during 
the events. The recessions are extended for 60 
days in the same manner as in the preceding 
two figures. However, the successive recession 
curves tend to converge, indicating that little 
recharge occurred during the storms. 

Also illustrated in figures 6.62-6.65 is the 
ability to separate flow at any given point or 
for a desired period into those portions at
tributable to specific storms. For example, in 
figure 6.62, the flow volume on l\farch 1 may be 
readily subdivided into contributions from five 
distinct major storm events. Further, a total 
recession volume such as ABeD may be as
sumed to result from the rainfall causing the 
hydrograph rise beginning January 10. This 
method of flow subdivision may be applied to 
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FIGURE 6.66.-Schematic of ground-water-response 
model. 

any period desired. Although the recessions in 
these figures were computed for 60 days, they 
may be readily extended. 

The beginning points of the calculated reces
sions in figures 6.62-6.65 were chosen on the 
true recessions of major events. These were the 
types of events used in quantification of para
meters and therefore the logical types to use in 
verification. Recessions calculated with initial 
points on minor storms lying on the recessions 
of major storms are not valid. Such invalid 

calculations are illustrated by the dashlines 
beginning on January 27 and March 9 in figure 
6.62. 

6.4.-GROUND-WATER 
SIMULATION MODELING 

A parametric ground-water (well-response) 
model was formulated as a complement to the 
5-day water-yield model to pd together an 
integrated hydrologic model package. Initially, 
a 2-tier model was developed (fig. 6.66). Input 
to the model is the "not streamflow" portion of 
the precipitation from the 5-day water-yield 
model, that is, the portion of the precipitation 
not moving past the stream gage. The "not 
streamflow" was partitioned intoET-the 
change in storage in the first layer (surficial 
aquifer) -and deep seepage to the Yorktown 
aquifer. The input to the deeper aquifer was 
divided into the change in aquifer storage 
(indicated by ground-water-well eievation) and 
ground-water movement down dip. 

The conceptual model was programed and 
run on a trial basis. Simulation using 4 years of 
climatic data, with some parameter manipula
tion, produced generally satisfactory predicted 
well response. However, the modeling effort is 
still in the developmental stage, and results are 
insufficient to warrant presentation. 
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APPENDIX. .,..-DATA SUMMARY 


TABLE A-l.-Geologic units and their water-bearing characteristics in the Greenville and Ahoskie 
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Q) 
tJ 
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~ 
Q) 
tJ 
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Q) 

...-l 
!II 

p,. 

Creek, N.C., areas 

Formation 
and 

Members 

Surficial 
Deposits 

(P) Y 

Yorktown 
forma
tion 

(P) 

Rocks of 
Calvert 
Age 

(A) 

Castle 
Hayne 
lime
stone 

(A) 

Beaufort 
forma
tion 

(P) 

Hydrologic. Properties 

Supplies groundwater to shal
low dug and driven wells. 
Small yield per well but has 
excellent water-bearing pro
perties. Water contains 
large amount of iron and may 
be corrosive. 

Lenticular sand and shell beds 
supply small to moderate 
amounts of water for domestic 
and farm use. In northeastern 
section of the Greenville area 
this aquifer is under arte
sian pressure. 

Not extensively developed as 
an aqutfer. Running sands, 
which clog screens is a com
mon complaint of well drill
ers. Potential yield and 
quality good. 

Calcareous sands and shell 
limestones, supply water to 
artesian wells. High perme
ability and large potential 
yield throughout. Good muni
cipal and industrial supply. 
Water. generally hard and may 
contain H2S. 

Supplies small to moderate 
amounts of artesian water. 
Water is soft, high in sodi
um bicarbonate, and may con
tainexcessive fluoride. 

Description 

Light colored fine to 
coarse-grained sheet 
sand with interbedded 
clay. Occasional marl 
and shell beds are 
present. 

Light colored sandy 
shell beds and marls 
in upper part. Lower 
part consists of blue
gray marl & shell beds, 
& massive interbedded 
clay 

Brown to chocolate
colored phosphatic 
sands and sandy silts 
containing collophane 
and quartz with shell
limestone. 

White to gray ~and and 
marl. Sandy calcitic 
and dolomitic shell
limestone prominent. 
Glauconite, pyrite, and 
phosphate occurs as 
accessories. 

Variable in composition 
ranging from green glau
conite sands to gray 
argillaceous sands. 
Pyrite occurs as a 
common accessory. 
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TABLE A-l.-Geologic units and their water-bearing characteristics in the Greenville and Ahoskie 

Creek, N.C., areas-Continued 
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Tuscaloosa 
formation 

(P) 

Sand and 
Clay 

(?) 

Dark-gray coarse
grained glauconite 
sands in upper part. 
Drab black massive 
marine clays in 
lower part. 

Black to gray 
interbedded clays and 
marls. Marls are 
locally indurated to 
form impure shell 
limestones. 

Gray to black micaceous 
sands and clays, thinly 
bedded to massive; 
variable amounts of 
lignite, marcasite, and 
glauconite. Cross bed
ding is prominent. 

Tan, red, and gray 
arkosic sands and inter
bedded clays. Hematite 
is a common accessory 
mineral. Massive to 
lenticular aspect in 
all sections. 

Green clay and tan 
sand. Mica is 
common. 

Sand beds are good aquifers 
and supply municipal, in
dustrial, domestic and farm 
use. Water is good quality. 

Supplies fair to moderate 
amounts of water to do
mestic and f.arm wells. 

Sand beds in the forma
tion yield large supplies 
to industrial, municipal, 
domestic, and farm wells. 
Contains some saline 
water. 

A good aquifer. Some 
saline water, otherwise 
it is good quality. 

Contains saline water. 

1/ P - Present in the Ahoskie Creek Watershed area 
A - Absent in the Ahoskie Creek Watershed area 

1/ All the Upper Cretaceous formations are grouped together and are 
reported in this report as undifferentiated. 
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TABLE A-2.-Soil description, erosion classes, and land cap{£bility classes, watershed 
W-Al 

~: Hertford, Bertie, and Northampton Count1.e., North Carolina; approximately 3/4 mile lIouthvelt of Aholk.le; 
Chovan River Balln. 

,Allt;6: 36.480 acre!. (57.0 sq. ",nel) 

.&Qm: 

~: D~rlved from moderately fine textured sediments. 

Type 

Coxville 
flne ...ndy 
Illt 10_ 

Lenoir 
flne .andy 
ailt 10... 

Craven 
fine .andy 

Ch •• tain 
clay lac 

Percent IAvg. 
of depth 

area (in. ) 

10.. 41 8 

10.. 22 7 

10... 15 12 

8 9 

TOD.oil 

Structure 

Weak 
fine 
granular 

Weak 
fine 
granular 

Weak 
fine 
granular 

Moderate 
medium 
aubangular 
blockr 

Pe ....... 
ability 

Moderate 

Hoderate 

Moderate 

Moderate 

Subsoil 

Structure 

Moderate 
medium 
lublngular blocky 

Moderate 
medium 
anaular blocky 

Moder.te 
medium 
lubangular blocky 

Moderate 
medium 
angular blocky 

Penne
ability 

Slow 

Slow 

Slow 

Slov 

Subatratua 
Avg. 
depth Peme
to(in. ) ability 

38 Slow 

36 Slow 

42 Slov 

60 Slow 

Internal 
drainage 

Slow 

Slow to 
very 01"" 

Medium 

Slow to 
very .1",. 

!Marlboro 
fine aandy 

Oupl1n 
fine .andy 

Dunbar 
fine ••ndy 

Caroline 
fine sandy 

10.. 

10.. 

10.. 

10.. 

4 

3 

2 

2 

9 

8 

15 

12 

Weak 
fine 
granular 

Weak 
fine 
granular 

Weak 
fine 
granular 
Weak 
fine 
granular 

Hoderate 

Hoderate 

Moderate 

Moderate 

Hoderate 
medium 
aubangular blocky 

Moderate 
medium 
.ubAnaular bloc\CY 

Moderate 
medium 
subangular blocky 
Moderate 
medium 
angular blocky 

Moderately 
olow 

Moderately 
olav 

Moderately 
.low 

Slow 

J2 

34 

30 

Jl 

Moderately 
.low 

Moderately 
olav 

Moderately 
olow 

Slow 

Medi= 

Hediu~ 

Slow 

Medium 

Norfolk 
lO8DY fine 
.andy loam 

Faceville 
fine sandy 

.and 

10.. 

2 

I 

12 

10 

Weak 
flne 
granular 

Weak 
fine 
granular 

Moderate 

R<pld 

Weak 
ml!!dLum 
aubanguler blocky 

Hoderate 
medium 
subangular blocky 

Moderate 

Moderate 

36 

28 

Moderate 

Moderately 
slow 

Medium 

Medium 

EROSION: Er2!!LQn class 
Percent of area 

1 
96 

~ Cl!PABILITY: Cla•• 
Percent of area 

II 
2) 

III 
63 

IV V 
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TABLE A-3.-Soil description, c?'osion classes, and land capability classes, watershed 
W-A2 

...L2£AI..l2B; Hertford, Bertie, and Northampton Count!•• , North Carolina; approximately 5 mile. northveat of Aulander; 
Chovan River Salln. 

~: 15,360 acree (24.0 

I Slope- Percent 

oq. milea) 

SOILS: Derived from moderately fine textured sediment •. 

TODooil Subooil Subatratua 
Percent Ava· 

of depth 

Ty"e area (In. ) 

COllville 
fine .andy loam 48 8 
ilt 10_ 

Lenoir 
fine .andy 10.. 24 7 
aUt loam 

Structure 

Weak 
fine 
or.nular 
Weak 
fine 
granular 

Pe ....... 
abillty 

Moderate 

Hoderate 

Structure 

Moderate 
medlut1 
aubanllular blocky 
Hoderate 
medium. 
angular blocky 

Perme
ability 

Slow 

Slow 

AVB· 
depth Perme
to (in. ) ability 

38 Slow 

36 Slow 

Internal 
drainage 

Slow 

Slow to 
very olav 

Craven 
fine .andy 

Ch••tain 
clay loam. 

~arlboro 
fine .andy 

loam 

loam 

10 

4 

4 

12 

9 

9 

Weak 
fine 
granular 

Moderate 
medium 
lub.ngutar 
blocky 
\.leak. 
fine 
granular 

Hoderate 
Moderate medium 

lubangular blocky 

Moderate 
Moderately medium 
olow angular blocky 

Moderate 
Moderate medium. 

.ubangular blocky 

Slow 

Slow 

Moderate 

42 

60 

32 

Slow 

51"" 

Moderate 

Medium. 

51"" to 
very .lov 

Medium 

Duplin 
fine .andy 10.. 

Norfolk 
loaaoy fine .and 
aandy 10_ 

Dunbar 
fine .andy 10.. 

3 

3 

2 

8 

12 

15 

\.leak 
fine 
granular 

Weak 
fine 
granular 
lIeak 
fine 
granular 

Moderate 

Hoderate 

Moderate 

Moderate 
medium 
.ubangular blocky 

Weak 
medium 
aubangular blo~ 
Hoderate 
medium 
.ubangular blocky 

Moderate 

Moderate 

Moderate 

34 

36 

30 

Moderate 

Moderate 

Moderately 
olav 

Medium 

Medium 

Slow 

Caroline 
flne .andy 10.. 

Faceville 
fine .andy 10_ 

1 

1 

12 

10 

\leak. 
fine 
granular 

\leak 
fine 
oranular 

Moderate 

Rapid 

Moderate 
medium 
angular blockl'~ 

Moderate 
medium 
aubarurular blockv 

Slow 

Moderate 

31 

28 

51"" 

Haderate ly 
lnv 

Medium 

Hediue 

EROSION: Erolion cia,. 
Percent of area 

1 
99 

L6.l!!1 g,~A~II.ITY: I~!~~:nt of ar.a I j I II 
18 

III 
72 

IV 
5 
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TABLE A-4.-Soil description, erosion classes, and land capability classes, watershed 
W-AS 

~: North-.pton County, Korth Carolina, approximately 3 mil•• louche.at of Rich Square; Chovan River B•• in .. 

.AI&;6: 2,368 acr.. (3.70 aq. an..) 

~: 100'1. of area in ~2'l. cla.. 

...IUJd: Derived from mod.r.t~ly fine text,,"-red ledimentl. 

Topaoil Subaoil Subltrat'dlD 

Parcen Ava· Avg. 
of d.pth Pe ...... PenD... depth Penile- Internal 

TYD. erea (l.n, ) StnJcture ebilitv StnJcture abilitv tolin. ) abllitv drainelile 
eolrvill. Weak Hoderate 
Un. aandy 10. 70 8 fine Moderate medium Slow 38 Slow Slow 
aUt loa aranular aubanlular blocky 

Lenoir Weak Hoderate Slow to 
fine .andy 10_ 20 7 fine Hoderate medium Slow 36 Slow very olav 
aUt loa granular anlular blocky 

Chaatain 
clay loa 4 9 

Hoderate 
_diua 
lubangular 

Moderate 
Moderately medium 
Ilow angu lar blocky 

Slav 60 Slow 
Slow to 
very olow 

blocky 

Craven 
Une a.ndy loa 

2 12 
Weak 
fine 
aranular 

Moderate 
Moderate 
..diu. 
lubangular blocky 

Slow 42 Slow Medium 

!Marlboro 
flna .andy loa 

2 9 
Weak 
fine 
grGnular 

Hoderate 
Hoderlte 
medium 
luban&ular blocky 

Moderate 32 Moderate Medium 

Carollne 
flne ••ndy 10_ 2 12 

Weak 
fine 
gr.nul.r 

Moderate 
Moderate 
medium 
angular blocky 

Slow 31 Slow Hedlu. 

~: ~~ODp;c. nt 
ell.: 
of • II 99 I 

~: c~..:P re nt of .re. I II 
4 1;5 lV 

4 
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TABLE A-5.-Soil description, erosion classes, and land capability classes, watershed 
W-A4 

~! 	Hertford County, North Carolina; approximately 2 miles louthwelt of Ahoskie; Chovan River n.sin. 

~: 1,664 acres (2.60 Iq. mUu) 

~: ISlope-Percent I 0-2 I 2-6 
. Percent of area _ 89 _ 11 

~: Derived from moderately fIne textured aediment •. 

Top.oU ~bloU Sub.t:ratum 
tpercen Avg. !~Vs· 

of depth Perme- Peme"" Internal 
1"Yi>e area Structure abilitv Structure abilitv labilitv drain...(in.) !::~~~. )Perme-

CoxvUle Weak Moderate 
fine .andy 10.. 36 8 fine Moderate medium Slow 38 Slow Slav 
IUt 10. granular lubangular blocky 

Weak HoderateCraven 
25 12 fine l-1oderate medium Slav 42 Slav !!edium

flne .andy 10.. granular aubon-,ular block 

Lenoir Weak Moderate Slow to 
fine .andy 10.. 18 7 fine Moderate medium Slav 36 Slow very 01"" 
IUt 10" sranular ansular blocky 

Weak Moderate
Duplin 4 8 fine Moderate medium Moderate 34 Moderate !!edium
fine .andy 10.. 8ranular aubanau lar blockL 

Weak Moderate
Dunbar 4 15 fine Moderate medium Moderate 30 Moderately Slav
!ine aandy lOll!! 	 .1,..ranular 	 blocky , liov_ 

Week Moderate
Caroline 4 12 fine Moderate medium Slow 31 Slow Medium
fine landy 10II1II granular ansular blocky 

Wl!ak
Bibb 4 28 	 medium Moderate Structure lei. Moderately 40 Slow Slowfine- landy loam granular 	 Ilow 

Weak Moderate
lMarlboro 3 9 flne Moderate medium Moderate 32 Moderate Medium
fine sandy loam granular .ubangular blocky 

Norfolk Weak Weak 

loamy fine sand 2 12 fine Moderate medium Moderate 36 Moderate Medium 

sandy IOeD granular lubangular blocky 


~: 	E~QI!On clau! 2 
P rcent of area 92 8 

I.AI!!1 !;A~UL!TY: CIa•• II IV V;PPercent of area 40 0 4 
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...... 
~ TABLE A-6.-Soil tests on samples from Ahoskie Creek watershedl 

~ 

Atterberg limits Dry Shear Permea- Linear X-ray Montimo-Sample Channel Depth Sample Unified Mechanical Specific DispersionStation L Pl2.ticity density f' d bT h . k l"cr . Kaoliniteuncon Jne I tty s rln age (1 ractlOn ( t) rilloniteNo. side (rt) type' class nnalysis gravity (percent)ower Index (g/cma) compression (ft/day) (percent) analysis percen (percent) 

1 1,062+41 R 8.3-9.3 UD SM X (3) (3) 1.59 2.66 0.18 25.2 
2 1,062+41 R 6.2-8.0 UD CL X 28 10 1.61 2.67 90 688 24.7 
3 1,065+92 R 6.0-8.0 UD CL X 28 10 1.56 2.66 26 538 26.4 

4 1,076+80 R 6.0-8.0 UD CL X 37 14 1.46 2.59 68 1,625 .0085 29.9 

5 1,000+41 L 6.0-7.5 UD 8M X (3) (3) 1.35 2.62 35.9 

6 999+16 L 17.0-18.7 UD 8M X (3) (3) 1.39 2.69 34.6 

7 996+66 L 5.0-6.4 UD MH 

8 995+41 L 5.0-6.1 UD 8M X (3) (3) .36 2.41 50 

9a 995+41 L 9.3 UD CL-ML X 23 5 1.50 2.65 325 .02 28.9 

9b 995+41 L 11.5 UD 8P-8M X (3) (3) 1.47 2.63 30.0 


10 503+59 L 3.6-5.2 UD CL X 37 15 1.20 2.55 80 813 44.1 

11 503+59 L 6.5-8.5 UD 8M X (3) (3) 1.80 2.67 18.1 

12 503+59 L 13.4-15.7 UD SP-8M X (3) (3) 1.58 2.65 25.6 

13 488+39 R 6.5-8.6 UD CL-ML X 23 7 1.74 .0046 20.0
2.67 85 825 
14 493+39 R 5.0-7.3 UD MH .93X 80 35 2.37 80 675 68.9 
15 493+39 R 9.6-11.5 UD 8P-SM X (3) (3) 1.52 2.66 28.1 

16a 222+07 L 8.5 UD 8C-SM X 19 4 1.77 19.2
2.68 64 288 

16b 222+07 L 10.6 UD CH X 59 29 1.50 2.69 69 1,225 29.6 

17 1,097+18 L 6.5-8.4 UD 8M X (3) (3 ) 1.48 2.65 29.8 

18 1,150+84 R 6.5-7.9 UD MH X 68 18 .37 2.20 67 

19 1,074+76 L 9.5-11.5 UD 8C-8M X 19 5 1.45 2.63 62 31.0 

20 499+59 L 8.0-9.0 UD CL-ML X 22 6 1.77 19.2
2.68 
21 488+39 R 4.2-5.0 D CH X 53 26 

22 493+39 R 5.5-6.0 D MH X 76 37 

23 1,048+60 L 1.8-3.0 D ML X 48 19 
24 936+15 L 6.6-8.5 D CL X 45 20 
25 499+59 L 9.6-13.2 D CL-ML X 25 7 
26 996+66 L 13.0-14.0 D ML X 29 6 
27 499+59 L 4.0-5.0 D CL-ML X 22 G 
28 1,074+76 L 3.7-5.8 D MH X 62 29 
29 499+59 L 4.5-5.2 D CL X 26 8 
30 996+16 R 12.0-13.0 D CL X 46 21 
31 996+66 L 3.5-4.0 D MH X 58 22 
32 1,150+84 R 12.0-12.5 D SW-8M X (3) (3) 
33 1,074+76 (4) D SP X (3) (3) 
34 1,065+92 (4) D 8P X (3) (3) 
35 499+59 (4) D 8P X (3) (3) 
36 222+07 L 1.5-10.0 D CH-MH X 54 25 X 65 35 
37 222+07 R 4.4-9.0 D CL X 49 23 X 50 25 
38 366+50 R 2.5-3.0 D MH X 65 30 
39 366+50 R D CL X 50 50 



TABLE A-7.-Ground-water wells, Ahoskie 

Creek watershed 


[Feet] 

1 Records discontinued; well not responding . 

Elevation 

Well Aquifer Ground 
surface 

Depth screened 
below ground 

Elevation 
of screen 

(m.s.!.) surface (m.s.I.) 

1 Surficial 75.9 15-20 60.9-55.9 
2 Yorktown 70.1 39-44 31.1-26.1 

13 Surficial 58.2 28-33 30.2-25.2 
4 Surficial 71.5 23-28 48.5-43.5 
5 Yorktown 66.7 54.5-59.5 12.2-7.2 
6 Surficial 45.5 15-20 30.5-25.5 
7 Yorktown 63.0 50-55 13.0-8.0 
8 Tuscaloosa 46.9 145-150 98.1-103.1 
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TABLE A-8.-Monthly and annual maximum rainfall amounts by selected time intervals, rain 
gage 3, Ahoskie Creek watershed, 1964-72 

Rainfall-measuring interval 
Month IS-minute 30-minute I-hour 2-hour 6-hour 24-hour 

Dayl Inches Dayl Inches Day1 Inches Dayl Inches Day! Inches Dayl Inches 

1964 

June ............... 
July .............. 
August ........... 
September ........ 
October ........... 
November ........ 
December ......... 

13 
9 

29 
11 

4 
20 
26 

0.53 
.63 
.90 
.36 
.15 
.21 
.40 

13 
9 
3 

11 
4 

20 
26 

0.68 
1.00 
1.35 

.40 

.21 

.24 

.68 

13 
9 
3 

13 
4 

20 
26 

0.88 
1.05 
1.81 

.55 

.35 

.27 

.95 

13 
9 
3 

13 
4 

11 
26 

0.88 
1.05 
1.85 

.99 

.56 

.54 
1.14 

13 
28 

3 
13 

4 
25 
26 

1.03 
1.44 
2.35 
2.10 
1.13 
1.00 
1.68 

13 
28 

3 
12 

4 
25 
26 

1.12 
2.00 
2.73 
3.75 
2.08 
1.00 
2.65 

Annual 
Maximum .... Aug. 29 .90 Aug. 3 1.35 Aug. 3 1.81 Aug. 3 1.85 Aug. 3 2.35 Sept. 12 3.75 

1965 

January .......... 
February ......... 
March ............ 
April ............. 
May .............. 
June ........ '" ... 
July .............. 
August ........... 
September ........ 
October ........... 
November ......... 
December ......... 

17 
25 
17 
27 
27 
11 
11 
22 
11 

7 
22 
25 

0.20 
.22 
.32 
.25 
.35 
.17 

1.00 
.80 
.38 
.25 
.05 
.08 

17 
25 
17 
27 
27 
11 
11 
22 
11 

'! 
21 
25 

0.22 
.25 
.45 
.50 
.47 
.23 

1.76 
.95 
.45 
.25 
.10 
.12 

17 
25 
17 
27 
27 
11 
11 
22 
11 

7 
21 
25 

0.30 
.38 
.45 
.70 
.65 
.37 

2.95 
.95 
.60 
.25 
.10 
.21 

17 
14 

4 
27 
27 
11 
11 

1 
11 

7 
22 
25 

0.35 
.50 
.65 
.75 
.76 
.68 

3.43 
.88 
.77 
.39 
.15 
.22 

30 
14 
17 
27 
27 
11 
11 

1 
11 

7 
22 
12 

0.40 
.85 
.75 
.85 

1.13 
1.28 
4.05 
1.10 

.85 

.80 

.25 

.31 

30 
14 
17 
27 
27 
11 
10 
10 
11 

7 
21 
12 

0.60 
1.30 

.87 
1.70 
1.35 
1.65 
4.35 
1.10 
.85 

1.00 
.60 
.31 

Annual 
Maximum .... JUly 11 1.00 July 11 1.76 July 11 2.95 July 11 3.43 July 11 4.05 July 10 4.35 

1966 

January .......... 
February ......... 
March ............ 
April ............. 
May ............... 
June .............. 
July .............. 
August ........... 
September ........ 
October ........... 
November ~ ....... 
December ......... 

27 
28 

4 
14 
29 
19 
30 
15 
28 
10 
1 

13 

0.25 
.15 
.34 
.12 
.70 
.12 
.35 
.98 
.51 
.12 
.52 
.10 

27 
28 
19 
14 
29 
19 
30 
15 
28 
10 

1 
13 

0.25 
.30 
.50 
.14 

1.04 
.25 
.35 

1.45 
.54 
.17 
.72 
.20 

27 
28 

4 
14 
29 
19 
30 
15 
28 

1 
1 

13 

0.25 
.50 
.67 
.15 

1.09 
.39 
.59 

1.71 
.60 
.25 
.74 
.35 

26 
28 

4 
4 

29 
10 
30 
15 
19 

1 
1 

13 

0.27 
.64 
.98 
.20 

1.34 
.52 
.95 

1.83 
.56 
.25 
.80 
.65 

22 
28 

4 
4 

29 
19 
30 
15 
19 

1 
1 

13 

0.66 
1.10 
1.38 

.25 
1.45 
1.10 
1.14 
1.89 
1.10 

.37 

.80 
1.47 

22 
24 

4 
4 

14 
16 
30 
15 
19 

1 
1 

13 

1.25 
1.70 
1.60 

.35 
1.60 
1.60 
1.41 
2.06 
1.73 

.37 

.80 
1.63 

Annual 
Maximum .... Aug. 15 .98 Aug. 15 1.45 Aug. 15 1.71 Aug. 15 1.83 Aug. 15 1.89 Aug. 15 2.06 

1967 

January .......... 
February ......... 
March ............ 
April ............. 
May .............. 
June .............. 
July .............. 

8 
9 

21 
22 
28 
18 
15 

0.27 
.08 
.04 
.51 
.37 
.90 
.69 

8 
9 

21 
22 
28 
18 
15 

0.45 
.14 
.07 
.63 
.48 

1.48 
.93 

8 
9 

21 
22 
28 
18 
15 

0.62 
.22 
.10 
.67 
.48 

2.33 
.93 

8 
9 

21 
22 
28 
18 
15 

1.10 
.30 
.20 
.67 
.48 

2.33 
.93 

8 
9 

21 
22 
28 
18 
16 

2.52 
.65 
.50 
.67 
.48 

3.10 
1.00 

7 
9 

21 
22 
28 
18 
16 

3.45 
1.00 
.85 
.67 
.58 

3.76 
1.60 

See footnotes at end of table. 
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TABLE A-8.-Monthly and annual maximum rainfall amounts by selected time intervals, rain 
gage 8, Ahoskie Creek watershed, 1964-72-Continued 

Rainfall-measuring interval 
Month 10-minute 30-minute I-hour 2-hour 6-hour 24-hour 

Dayl Inches Dayl Inches Day~ Inches Day! Inches Day! Inches Dayl Inches 

1967-Continued 

August ........... 21 .58 21 .68 21 .73 11 .42 21 1.50 21 2.15 
September ........ 10 .18 10 .35 10 .49 10 .62 10 1.03 9 2.08 
October ........... 25 .90 25 1.02 25 1.02 25 1.02 25 1.02 25 1.02 
November ......... 23 .14 23 .21 23 .31 23 .42 24 .47 23 .58 
December ......... 22 .18 22 .35 22 .44 22 .63 22 1.13 22 1.25 

Annual 
Maximum .... June 18 .90 June 18 1.48 June 18 2.33 June 18 2.33 June 18 3.10 June 18 3.75 

1968 

January .......... 14 0.30 14 0.39 14 0.57 14 0.79 13 1.10 13 1.80 
February ......... 2 .08 2 .1.4 2 .25 29 .27 29 .55 29 .65 
March ............ 17 .30 17 .56 17 .71 17 1.00 17 1.56 17 3.00 
April ............. 24 .24 5 .30 5 .50 5 .62 5 1.45 5 1.75 
May .............. 12 .88 12 1.12 12 1.15 5 .56 12 1.15 26 1.70 
June .............. 27 .93 27 1.40 27 1.63 6 1.90 27 2.05 27 2.05 
July ................ 27 .63 19 .70 11 1.07 3 1.26 3 1.65 3 1.87 
August ........... 14 .28 14 .28 14 .28 14 .35 14 .35 14 .35 
September ........ 6 .75 6 .75 6 .80 6 .88 6 .90 6 .90 
October ........... 19 .43 7 .50 7 .96 7 1.20 18 1.05 19 1.58 
November ......... 10 .18 10 .21 10 .35 10 .62 10 1.04 9 1.33 
December ......... 28 .13 28 .19 28 .22 22 .32 28 .35 28 .79 

Annual 
Maximum .... June 27 .93 June 27 1.40 June 27 1.63 June 6 1.90 June 27 2.05 Mar. 17 3.00 

1969 

January .......... 19 0.05 19 '<l.09 19 0.14 20 0.25 20 0.48 20 1.41 
February ......... 23 .09 1 .16 1 .24 23 .50 1 1.01 1 1.50 
March .•.......... 7 .11 7 .13 6 .23 7 .40 6 .90 1 1.65 
April ..•.......... 5 .16 18 .24 18 .29 18 .35 18 .35 5 .75 
May .............. 19 .52 19 .72 25 1.04 25 1.38 19 1.38 19 1.40 
June .............. 2 .55 2 .55 2 .55 19 .75 19 .80 18 1.65 
July .............. 6 .88 6 1.76 6 2.31 6 2.35 6 2.40 6 3.45 
August ........... 3 .53 3 .54 3 .55 15 .59 3 .90 3 1.65 
September ........ 17 .66 17 1.10 17 1.10 17 1.10 17 2.80 17 3.00 
October ........... 2 .70 2 .97 2 1.48 2 2.42 2 3.10 2 4.20 
November ........ 19 .10 19 .12 2 .24 2 .50 2 1.18 1 1.25 
December ....•.... 10 .27 10 .39 10 .50 10 .90 10 .90 10 1.15 

Annual 
Maximum .... July 6 .88 July 6 1.76 July 6 2.31 Oct. 2 2.42 Oct. 2 3.10 Oct. 2 4.20 

1970 

January .......... 30 0.17 30 0.38 30 0.43 30 0.50 29 0.74 29 1.15 
February ......... 9 .15 3 .19 3 .37 17 .58 3 1.35 3 1.70 
March ............ 31 .22 31 .33 31 .42 31 .71 31 1.28 30 1.45 
April ............. 26 .14 14 .28 14 .55 14 1.04 13 1.05 13 2.03 
May .............. 26 .25 26 .31 26 .46 26 .55 26 .80 25 1.35 
June ........•..... 21 .80 21 .81 5 1.59 5 1.58 5 1.85 26 1.90 
July .............. 10 .70 30 .80 30 1.00 7 .90 30 1.00 30 1.05 
August ........... 10 .15 23 .26 ~3 .40 8 .40 10 .66 10 1.15 
September ........ 4 .35 4 .35 27 .38 27 .53 27 1.05 27 1.50 

See footnotes at end of table. 
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TABLE A-8.-Monthly and annual -maximum rainfaU amounts by selected time intervals, rain 
gage 8, Ahoskie Creek 'Watershed, 1964-72-Continued 

Rainfall-measuring interval 
Month 15-minute 30-minute l':hour 2-hour 6-hour 24-hour 

Day" Inches Day" Inches Dayl Inches Dayl Inches Dayl Inches Dayl Inches 

1970-Continued 

October ........... 
November .0- ....... 

December ......... 

Annual 

16 
10 
16 

.25 

.55 

.14 

16 
10 
16 

.45 

.63 

.20 

16 
10 
16 

.75 

.80 

.34 

22 
10 
16 

.90 

.94 

.56 

23 
10 
16 

1.47 
1.18 
1.15 

22 
10 
16 

2.45 
1.55 
1.50 

Maximum .... June 21 .80 July 30 .85 June 5 1.59 June 5 1.58 June 5 1.85 Oct. 22 2.45 

1971 

January .......... 
February ......... 
March '" ......... 
April ............. 
May .............. 
June .............. 
July .....•........ 
August ........... 
September ........ 
October ........... 
November * ~ •••• 0 • 

I>ecember ..•...... 

5 
22 
19 

6 
13 
15 

2 
22 
12 
23 
24 
20 

0.20 
.50 
.30 
.09 
.20 

2.31 
.60 
.88 
.34 

6.31 
.35 
.04 

5 
22 
15 
6 

13 
15 

2 
22 
12 
23 
24 
20 

0.24 
.70 
.35 
.14 
.36 

2.69 
.81 

1.05 
.60 

G.43 
.39 
.08 

5 
22 
15 

6 
13 
15 

2 
22 
12 
23 
24 
20 

0.33 
.78 
.36 
.19 
.42 

3.95 
1.02 
1.37 

.73 
6.47 
.44 
.18 

5 
22 
15 

6 
13 
(4) 

2 
8 

12 
1 

24 
20 

0,49 
1.03 

.42 

.33 

.63 
('I) 

1.12 
.43 
.98 

1.12 
.50 
.25 

5 
22 

3 
6 

13 
15 

2 
22 
12 
23 
24 
20 

0.95 
1.22 

.52 

.74 

.92 
3.95 
1.22 
1.67 
1.25 

61.25 
.49 
.23 

5 
13 
3 
6 

13 
15 

2 
22 
30 
22 
24 
20 

1.13 
1.30 
1.47 
1.45 
1.25 

31.12 
1.22 
1.67 

55.00 
'2.93 

.49 

.45 
Annual 

Maximum .... Aug. 22 .88 Aug. 22 1.05 Aug. 22 1.37 July 2 1.12 Aug. 22 1.67 Sept. 30 5.00 

1972 

January .......... 
February ......... 
March ............ 
April ............. 
May .............. 
June .............. 
July .....•........ 
August ........... 
September ........ 
October ........... 
November ........ 
December ......... 

13 
19 
16 

4 
31 
19 
25 

2 
28 

6 
8 

13 

0.32 
.11 
.19 
.27 

1.06 
.50 
.85 
.60 
.42 
.43 
.39 
.15 

13 
19 
16 

4 
31 
17 
25 

2 
28 

6 
8 

13 

0.45 
.18 
.22 
.29 

1.68 
.70 
.91 
.62 
.63 
.81 
.72 
.23 

13 
19 
16 

4 
31 
17 
25 

2 
28 

5 
8 

13 

0.55 
.28 
.28 
.30 

2.40 
1.27 

.92 

.62 
1.00 
1.21 

.87 

.37 

13 
19 
16 

4 
31 
17 
28 
2 

28 
6 
8 

13 

0.71 
.41 
.31 
.30 

2.41 
1.83 
1.10 
.65 
.99 

1.70 
1.11 

.67 

13 
1 

16 
24 
31 
17 
12 
2 

27 
6 
8 

12 

1.07 
.85 
.59 
.54 

2.84 
1.90 
1.80 

.62 
1.00 
2.30 
1.21 
1.27 

13 
1 

16 
24 
31 
17 
1 n 
~G 

2 
27 

5 
8 

12 

1.23 
1.44 

.75 

.59 
2.84 
1.90 
2.39 
1.05 
1.07 
2.54 
1.21 
1.27 

Annual 
Maximum '" .May31 1.06 May 31 1.68 May 31 2.40 May 31 2.41 May 31 2.84 May31 2.84 

1 Day of occurrence shown is the day at the beginning of the time interval. 

2 Intensity record lost at rain gage 3; record at rain gage 6 used for intensity adjusted te !'~in gage 3 daily total. 

3 Intensity record lost at rain gage 3; record at rain gage 6 used to determine daily amounts occurring within 


time span shown. 
·1 No record. 
5 24-hour period carried over into October 1. 

G Intensity record lost at rain gage 3; record at rain gage 7 used for intensity adjusted to rain gage 3 daily total. 

7 Intensity record lost at rain gage 3; record at rain gage 7 used to determine daily amounts on October 22 and 23 


occurring in a 24-hour period. 
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TABLE A-9.-Monthly and ctnnual Thiessen ~ueighted precipitation, 'Watershed W-A1 

[Inches] 

Month
Year 

Jan. Feb.' Mal'. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Annual 

1964 7.01 8.92 6.58 6.38 1.55 4.03 (34.47) 
1965 1.74 2.83 3.38 2.06 1.85 5.37 7.58 4.15 3.10 .92 .65 .46 34.09 
1966 4.29 4.96 2.66 .95 6.20 3.47 1.72 5.81 2.30 .69 1.35 3.06 37.46 
1967 4.45 3.47 .81 1.50 2.41 5.40 4.67 8.10 2.76 1.41 1.52 4.96 41.46 
1968 3.96 .97 4.74 3.11 4.56 4.56 6.49 1.65 1.24 3.83 2.98 1.88 39.97 
1969 2.24 3.49 4.57 Vi6 5.;J7 4.65 8.07 4.79 5.11 3.98 2.07 4.49 51.39 
1970 2.65 3.97 3.78 4.49 2.53 4.25 8.59 1.79 2.58 3.92 1.63 2.32 42.50 
1971 3.81 5.10 3.72 2.42 3.95 2.21 3.83 7.47 5.42 7.69 1.20 1.14 47.96 
1972 2.76 3.84 2.22 2.27 7.61 3.94 5.82 2.09 3.40 3.32 4.06 3.57 44.90 

Average .. 3.24 3.58 3.24 2.42 4.31 4.23 5.98 4.97 3.61 3.57 1.89 2.87 42.47 

TABLE A-10.-Monthly and annual Thiessen 'Weighted precipitCLtion, watershed W-A2 

[Inches] 

Month
Year Annual 

Jan. Feb. Ma'r. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1964 7.04 11.75 7.61 6.42 1.63 4.16 (38.61) 
1965 1.80 2.69 3.37 2.10 2.12 5.81 6.77 4.31 3.39 .89 .64 .64 34.32 
1966 3.92 4.84 2.54 .95 5.49 3.25 1.49 5.66 2.01 .76 1.64 3.13 35.68 
1967 4.18 3.37 .81 1.45 2.02 5.53 4.15 7.77 2.58 1.65 1.42 4.95 39.98 
1968 4.53 .93 4.46 3.18 4.26 5.45 5.64 1.83 .68 4.04 2.91 1.61 39.52 
1969 2.14 3.28 4.61 2.22 6.48 4.02 8.15 4.11 5.29 3.65 2.03 4.45 50.43 
1970 2.57 3.75 3.58 4.38 2.40 4.09 8.47 1.78 2.74 4.09 1.53 2.26 41.64 
1971 3.89 4.85 3.47 2.44 3.66 1.82 3.77 6.73 4.75 7.68 1.16 1.14 45.36 
1972 2.82 3.93 2.24 2.46 7.59 3.24 4.98 1.57 3.43 2.65 4.08 3.80 42.79 

Average .. 3.13 3.46 3.14 2.40 4.25 4.15 5.61 5.06 3.61 3.53 1.89 2.88 41.22 

TABLE A-l1.-Monthly and (mnUClZ Thiessen 7cefghted pl'ecipitcttion, watershed W-A3 

[Inches] 

?ionth 
Year Annual

Jan. ~Feb.'-'Mar.'--Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1964 7.34 14.03 7.27 6.26 1.57 4.65 ( 41.12) 
1965 2.09 2.75 3.34 2.38 2.06 7.08 5.37 4.48 3.30 .96 .80 .52 35.13 

1966 4.41 4.88 2.80 1.07 5.54 3.38 1.34 5.52 1.83 .84 1.53 3.31 36.45 
1967 4.22 3.72 .86 1.50 2.31 4.54 3.68 8.40 2.48 1.84 1.59 5.08 40.22 

1968 4.37 1.06 3.66 3.58 3.80 5.18 5048 1.87 .58 4.44 2.95 1.84 38.81 
1969 2.19 3.33 4.65 2.06 7.31 4.63 7.83 4.25 5.54 3.35 2.19 4.47 51.80 
1970 2.59 3.73 3.58 4.30 2.20 3.64 9.63 1.76 3.33 4.31 1.34 2.29 42.71 
1971 3.81 4.54 3.45 2.54 3.48 1.69 4.28 7.71 4.63 8.11 1.17 J.03 46.44 
1972 2.61 4.24 2.64 2.86 8.17 3.88 5.61 1..39 3.86 2.55 4.61 4.18 46.60 

Average .. '3.29'~ ~3Jl3 3.12 '2.54---4,35~-~ ~5.62 -~5.49 ~' 3.62 1.97 3.04 42.27 
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TABLE A-12.-Monthly and ann'lwl Thiessen 1.Veighted precipitation, 1.Vate1·shed W-A4 

[Inches] 

Month
Year iiill:- Feb. Mal'. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

Annual 

1964 6.54 7.06 4.84 6.13 1.26 4.12 (29.95) 
1965 1.45 2.77 3.33 1.79 1.56 4.48 6.30 4.21 3.42 .98 .56 .43 31.28 
1966 4.76 4.89 2.85 1.23 7.43 3.50 1.90 5.93 2.73 .63 .90 3.29 40.04 
1967 4.48 3.68 .88 2.17 3.16 3.94 5.30 9.92 2.96 .92 1.82 4.79 44.02 
1968 2.70 1.08 4.97 3.18 4.94 4.12 7.11 1.20 2.07 3.37 2.85 2 39.59 
1969 2.48 3.64 4.69 3.40 4.30 5.34 7.92 6.64 4.95 5.70 2.52 5.35 56.93 
1970 3.18 4.61 4.70 5.59 2.82 2.56 11.37 1.73 2.84 3.53 1.49 2.45 46.87 
1971 4.47 5.26 4.40 2.82 5.14 3.63 5.89 9.95 6.08 7.18 1.19 1.24 57.25 
1972 2.43 3.77 2.52 1.69 7.10 5.02 6.45 2.14 3.62 4.28 4.04 3.19 46.25 

Average .. 3.24--3.71 - 3.54 2.73 4.56 4.07 6.53 5.42 3.72 3.64 1.85 2.98 45.28 

TABLE A-13.-Monthly and annual 'minfall, Elliott Station, N01·tham1Jton County, N.C.1 

[Inches] 

Month
Year AnnualJan. ""Feb." Mal'. Apr. May June July --.<\ug.-SePt. -----OCf.--Nov:". -Dec~ 

1904 25.06 0.89 4.16 3.41 4.51 7.33 2.37 1.90 3.83 5.00 38.46 
1905 2.72 4.75 2.50 5.45 2.48 5.73 7.08 3.66 3.58 2.17 .81 4.97 45.90 
1906 3.19 5.38 5.65 1.46 2.98 5.02 7.98 10.98 1.65 3.46 .87 3.00 48.16 
1907 1.10 4.36 5.68 4.20 4.75 6.06 5.35 4.03 2.43 1.10 5.47 5.30 49.83 
1908 4.73 5.3'( 5.37 1.88 3.83 7.74 9.75 7.55 1.47 2.68 1.47 3.23 54.99 
1909 2.15 2.75 2.10 7.22 4.10 14.38 2.13 5.88 1.00 1.55 .82 3.08 47.16 
1910 3.15 2.96 2.15 4.64 5.04 8.71 3.85 9.40 .73 3.20 1.06 3.71 48.60 
1911 3.66 3.02 4.85 3.60 1.41 1.59 6.95 8.90 2.04 2.95 5.72 3.72 48.41 
1912 3.12 3.62 4.90 4.20 2.13 5.96 3.93 5.96 4.40 .91 2.50 5.34 46.9'{ 
1913 4.04 3.31 4.92 .65 3.73 5.69 8.55 1.34 6.80 4.10 1.60 2.70 47.43 
1914 2.62 5.17 3.45 2.22 2.35 3.40 5.08 1.41 3.62 2.00 3.74 5.70 40.76 
1915 6.25 3.42 3.54 2.69 7.15 6.05 3.14 3.53 3.30 2.70 1.75 3.45 46.97 
1916 3.28 4.42 2.81 2.78 5.30 5.45 8.70 6.55 3.70 3.39 1.54 3.68 51.60 
1917 4.31 3.22 4.88 4.06 3.31 7.33 10.11 6.23 9.14 4.20 .64 2.81 60.24 
1918 4.51 .95 2.37 6.58 3.88 2.64 5.13 2.60 4.04 1.30 1.95 4.31 40.26 
1919 3.45 3.76 2.90 2.15 6.00 5.54 13.08 3.97 1.18 3.41 .22 2.40 48.06 
1920 3.87 6.80 6.40 6.40 1.43 4.1.5 8.75 3.07 2.52 .45 5.27 7.60 56.71 
1921 3.38 2.70 3.15 4.66 5.84 1.42 3.10 2.06 4.52 .85 3.03 3.63 38.34 
1922 4.60 6.95 7.10 2.79 (3) ( 3) 12.52 7.02 .40 4.44 .73 6.70 (53.25) 
1923 2.26 4.93 6.65 6.25 1.32 .94 6.49 6.12 6.95 1.90 1.56 1.29 46.57 
1924 4.96 5.00 3.17 2.98 4.87 3.96 5.75 9.00 10.82 .96 1.32 3.48 56.27 
1925 4.77 2.78 3.50 1.01 2.15 5.53 3.68 1.32 1.75 2.90 3.06 3.41 35.86 
1926 3.27 3.92 2.97 2.99 2.24 4.13 2.13 2.31 1.16 1.96 5.65 5.40 38.13 
1927 .65 1.21 1.20 3.47 1.15 4.28 3.67 6.12 (3) 4.38 ( 3) (3) (26.13) 
1928 (3) (3) (3) 5.05 (3) 7.65 7.29 5.78 10.41 (3) .55 5.34 ( 42.07) 
1929 ,t.88 5.53 3.37 1.02 5.34 6.40 6.62 2.87 13.49 4.10 2.34 2.72 58.68 
1930 3.71 1.44 1.41 .85 1.10 5.53 5.79 .96 2.24 1.83 4.80 5.11 34.77 
1931 2.18 2.74- 1.66 5.09 4.97 3.61 5.25 4.89 3.49 .30 (3) 4.41 (38.59) 
1932 4.47 3.34 4.52 1.94 2.34 9.16 3.02 :>.54 3.98 4.98 2.90 5.51 49.70 
1933 2.07 3.31 2.49 3.16 3.88 2.86 9.09 2.98 1.89 3.20 1.29 1.50 37.72 
1934 1.98 5.62 5.78 4.83 6.26 4.65 6.59 2.79 11.78 1.04 3.66 1.56 56.54 
1935 3.05 2.68 5.25 4.59 3.48 2.16 10.67 4.15 5.32 .78 4.28 2.19 48.60 

See footnotes at end of table. 
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TABLE A-l3.-Monthly and annual min/all, Elliott Station, NOTthmnvton County, N.C.! 
-Continued 

[Inches] 

Year 
Jan. Feb. Mar. Apr. May 

Month 
June July Aug. Sept. Oct. Nov. Dec. 

Annual 

1936 5.28 4.01 5.61 4.45 (3 ) 5.36 7.96 3.15 4.15 5.88 3.73 5.64 (55.22) 
1937 6.66 1.60 3.20 7.68 1.00 3.31 3.16 4.04 6.28 2.75 3.39 1.55 44.62 
1938 2.20 1.95 2.71 3.19 3.14 11.40 6.19 2.08 8.73 2.99 2.27 2.67 49.52 
1939 4.56 8.33 3.75 6.05 1.62 8.45 9.86 7.01 2.91 3.15 2.70 1.93 60.32 
1940 2.70 2.64 2.32 3.29 3.92 1.52 6.90 16.03 3.27 .58 3.91 1.22 48.30 
1941 1.95 1.87 3.48 3.15 1.18 6.29 6.63 2.30 .52 2.40 1.02 3.17 33.96 
1942 1.54 2.22 5.87 .73 1.12 1.58 5.34 8.86 4.85 6.47 1.03 5.02 44.64 
1943 4.54 1.88 4.89 2.67 5.99 5.75 6.35 2.32 2.13 1.65 .70 3.63 42.50 
1.944 4.30 5.68 6.85 4.74 2.06 3.94 5.02 2.32 6.84 1.27 4.85 2.65 50.52 
1945 2.28 5.27 1.30 1.44 2.71 2.64 10.22 3.11 4.70 1.19 2.62 5.50 42.98 
1946 3.92 3.75 1.07 4.90 6.40 6.09 8.07 2.61 3.73 2.13 4.75 1.48 48.90 
1947 4.38 1.30 3.58 3.73 4.60 5.70 4.59 2.68 5.65 4.08 6.14 2.06 48.49 
1948 4.92 5.59 3.61 4.32 5.47 3.16 4.35 5.59 5.30 4.22 10.87 5.13 62.63 
1949 1.66 4.04 3.66 2.51 7.29 6.82 6.70 9.87 3.57 4.02 1.96 2.37 54.47 
1950 2.98 1.28 3.17 1.30 3.17 4.84 9.11 2.31 4.01 3.58 .72 2.08 38.55 
1951 2.05 1.65 3.56 3.37 2.82 6.94 3.10 4.73 1.76 3.48 4.53 2.96 40.95 
1952 4.85 7.01 5.50 2.57 3.43 2.99 7.65 6.74 1.46 2.55 3.85 3.27 61.87 
1953 1.75 4.82 2.08 5.38 3.30 4.45 4.19 8.02 4.07 .52 3.33 3.70 45.61 
1954 8.77 1.80 4.56 1.56 7.20 .32 2.94 7.85 1.01 1.82 2.65 2.74 43.32 
1955 2.80 4.08 3.36 2.43 1.74 5.83 4.25 12.78 11.81 1.96 2.77 1.19 55.00 
1956 2.07 5.72 4.24 4.78 4.26 2.16 6.18 4.63 6.43 6.71 3.41 2.44 53.03 
1957 4.87 4.54 3.89 1.16 1.73 3.45 2.95 2.92 4.40 3.69 6.68 4.82 45.10 
1958 4.25 5.51 3.31 5.20 6.72 3.90 4.28 11.50 .46 5.46 1.75 4.24 56.68 
1959 1.76 3.17 3.36 5.45 1.52 1.36 10.50 4.16 2.89 12.40 2.36 3.05 51.98 
1960 5.30 4.53 3.24 1.84 3.15 3.82 14.10 6.45 10.49 2.34 1.60 2.31 59.17 
1961 2.63 4.67 4.21 2.42 6.24 4.86 3.68 2.72 2.07 2.76 2.52 4.06 42.84 
1962 6.67 4.60 3.83 1.95 2.96 5.17 4.06 2.01 3.78 .69 5.75 2.58 42.95 
1963 3.23 3.84 2.97 1.67 2.02 3.33 .65 1.81 6.97 .64 4.86 2.91 34.90 
1964 4.32 4.58 3.48 3.03 1.53 3.48 6.67 7.28 8.48 7.35 1.82 5.24 57.26 
1965 1.91 3.17 3.70 2.06 2.37 5.92 7.44 4.81 2.91 .96 .89 .64 36.78 
1966 4.71 5.20 2.74 1.63 5.63 4.19 2.08 9.65 2.32 1.19 2.57 3.48 45.39 
1967 4.48 3.89 1.07 1.24 2.85 5.21 3.71 9.19 2.84 1.39 2.37 4.82 43.06 
1968 4.3!l 1.15 4.04 4.65 4.17 6.15 4.65 1.90 .51 5.66 3.74 2.14 43.05 
1969 2.72 3.72 4.95 2.65 8.62 3.90 7.05 4.85 5.71 3.34 2.25 4.52 54.28 
1970 2.89 3.97 4.62 4.28 2.39 3.72 9.32 2.35 2.40 4.06 2.27 2.16 44.43 
1971 4.98 5.59 3.84 2.70 4.16 1.78 4.68 6.02 5.07 8.62 1.33 1.06 52.83 
1972 3.02 4.75 2.66 2.54 6.23 3.02 5.07 2.21 3.74 2.84 4.70 4.01 44.78 

Mean 

3.59 3.86 3.77 3.34 3.69 4.76 6.16 5.12 4.34 2.94 2.91 3.52 48.00 

Number of months 

67 67 68 69 66 68 69 69 67 66 66 67 

1 Data provided by family of J. T. Elliott, Woodland, N.C. 2 Record began. 3 Data not available. 
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TABLE A-l4.-Monthly maximum daily min/all, Elliott Station 

[Inches] 

MonthYear 
Jan. Feb. Mar. Apr. May June JUly Aug. Sept. Oct. Nov. Dec.------_ .... - -----_ .. - - .. ,,--- ...-----...,._----

1950 0.72 0.46 0.70 0.50 0.50 1.78 1.88 0.92 1.23 1.82 0.28 0.62 
1951 .90 .47 .84 1.25 .73 1.66 .75 1.32 .81 1.44 1.42 .90 
1952 1.68 1.76 2.16 1.20 1.38 1.10 1.50 1.24 .93 1.06 1.30 .56 
1953 .59 1.00 .66 1.80 1.58 1.98 2.66 1.92 3.12 .24 2.14 1.78 
1954 1.98 1.65 .96 .79 1.75 .22 1.58 1.24 .54 1.38 .88 1.10 
1955 1.17 1.15 1.09 .73 .55 1.80 1.99 5.92 5.60 .98 .92 .56 
1956 .96 .98 .43 1.50 3.14 .86 1.81 1.27 1.52 3.34 1.95 .62 
1957 1.26 1.04 .97 .54 .66 1.56 1.80 1.36 1.68 1.75 1.63 1.91 
1958 1.63 1.30 1.02 1.38 1.43 2.06 1.45 2.22 .46 1.70 1.40 1.43 
1959 .75 1.23 .95 1.80 .93 1.34 2.79 1.91 .73 3.60 1.20 1.25 
1960 2.77 1.50 1.15 .96 .97 1.16 3.78 1.84 6.00 1.34 .48 1.37 
1961 .83 1.09 1.50 .55 2.11 .94 1.01 .95 .78 1.25 1.31 1.17 
1962 1.70 1.64 .89 .57 1.05 1.19 1.12 1.20 1.95 .50 2.70 .77 
1963 1.08 1.15 .76 .95 .58 1.15 .21 .47 3.76 .40 1.68 .93 
1964 1.15 1.44 2.05 2.77 .57 1.52 1.33 3.07 3.55 2.93 .88 2.04 
1965 .83 1.41 .94 .97 1.60 2.21 2.67 2.02 .93 .88 .67 .33 
1966 .99 1.84 1.50 .36 1.8i 1.69 1.83 3.53 1.30 .87 1.50 1.65 
1967 2.70 1.02 .94 .76 .64 4.00 .62 2.01 1.72 .57 .69 1.73 
1968 1.43 .76 1.79 1.54 1.43 1.70 1.86 .63 .22 1.75 1.41 .43 
1969 1.37 1.43 1.23 .82 3.03 1.79 2.83 2.43 2.45 1.57 1.35 1.62 
1970 1.35 1.35 1.68 2.45 1.09 2.02 1.52 1.38 1.47 1.25 .67 1.02 
1971 2.29 1.60 1.06 1.68 1.13 .50 .90 1.71 3.40 3.21 .38 .55 
1972 1.35 1.61 1.15 .58 1.30 .61 2.25 .85 1.25 1.70 1.71 1.47--'--,...---.-.".-~,- - ...---~-~ ... ~- _ .. ~-~"--'---'--- -.-----.----- ~.. --•.-~ -+-.. -~--
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TABLE A-15.-Monthly and annual st?'ect'rn!low, wc£te1'shed W-Al 

[Inches] 

Month
Year 

Oct. Nov. Dec. 
Annual 

1950 1.97 0.83 1.07 0.32 0.21 0.15 2.47 0.20 0.49 0.05 0.06 0.14 7.96 
1951 .26 .32 .99 .79 .07 .36 .59 .03 .03 .02 .68 .94 5.08 
1952 2.83 4.00 5.49 .71 .46 .01 .01 1.13 .02 (1) .16 .29 15.11 
1953 .97 2.90 1.83 .97 .29 .01 .09 .63 .02 .01 .04 .91 8.67 
1954 5.43 1.07 1.50 1.53 1.39 .05 (1) .01 (1) (1) .01 .09 11.08 
1955 .21 .55 1.44 .22 .04 .10 .Of, 2.19 6.43 .26 .39 .43 12.34 
1956 :71 3.16 3.19 2.25 1.34 .04 .03 .17 .10 1.45 2.52 1.01 15.97 
1957 1.01 4.69 3.78 .86 .02 .12 .01 .02 .02 .36 1.18 3.80 15.87 
1958 3.66 2.20 3.57 2.26 4.46 .09 .07 1.52 .20 .32 .22 .75 19.82 
1959 2.05 2.04 1.66 3.39 .19 .02 1.30 1.45 .78 5.46 .97 2.34 21.65 
1960 2.34 5.45 2.16 .82 .33 .07 1.27 2.33 5.18 .09 .12 .54 20.70 
1961 1.20 3.19 2.48 1.03 2.29 .27 .60 (1) (1) .01 .05 .41 11.54 
1962 2.96 2.71 2.80 1.07 .19 .02 .24 (t ) (1 ) (1 ) .17 .28 10.45 
1963 1.83 1.95 2.09 .32 .07 .15 .05 .05 .69 .11 .26 .80 8.37 
1964 2.44 2.66 2.07 1.48 .18 .15 .47 .83 2.30 4.40 .37 2.66 20.01 
1965 1.38 2.56 2.06 .68 .27 .83 1.84 .72 .19 .13 .10 .11 10.87 
1966 .25 2.47 3.43 .34 1.26 .78 .18 .56 .16 .12 .13 .25 11.15 
1967 2.89 1.96 .60 .27 .17 .93 .93 3.05 .64 .17 .16 1.74 13.51 
1968 3.89 .36 3.62 1.43 .74 .75 1.60 .17 .10 .15 .27 .23 13.30 
UJ69 .97 2.63 4.19 .99 2.20 1.16 1.77 2.48 .68 2.28 .36 2.48 22.20 
1970 1.59 3.97 1.95 3.87 .95 .39 1.39 .36 .12 .21 .30 .49 15.58 
1971 1.76 4.78 2.60 1.86 .29 .21 .19 .94 .45 6.00 .69 .57 20.34 
1972 1.89 3.05 .81 .85 2.49 2.10 .70 .78 .17 .38 .82 2.07 16.11 

Average .. 1.93 2.5S 2.44 1.23 .87 .38 .69 .85 .82 .96 .44 1.01 14.25 

1 Trace. 
Notes: USGS Station Description: 02053500 Ahoskie Creek at Ahoskie, N.C. (Chowan River Basin). 
LOCATION: lat. 36°16'50", long. 77°00'00", Hertford County, on right bank 10 it downstream from bridge on 

State Highway 350, 0.5 mile upstream from Seaboard Coast Line Railroad bridge, and 0.8 mile southwest of 
Ahoskie. 

DRAINAGE AREA: 57 mi~, approximately. 

PERIOD OF RECORD: January 1950 to December 1972. 

GAGE: Water-stage recorder. Datum of gage is 17.46 ft above mean sea level (Soil Conservation Service bench 


mark). Prior to Jan. 4., 1963, at present site at datum 4.00 it higher. Jan. 20, 1950 to May 24, 1951, nonrecord
ing gage. 

RE;\irARKS: Records good. Entire basin above station channelized since July 1964. Excavation begun down
stream in July 1962 and reached the station in December 1962. 
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TABLE A-16.-Monthly and annual streamflow, 'Watershed W-A2 

[Inches] 

----".-~ ~-'-----~--~- ~~'-~'-

Year 
J an. - Feb.--

Month 
Mar:---Apr.--May ---J~";;e-July--Aug.-Sept. Oct. Nov. Dec. 

Annual 

..-,-.-----.--~.-- --- -",--," ~---'----~ -.---.... -~ ---...... --.------ -"',,".~---~-

1964 1.93 1.59 0.18 0.17 0.41 0.64 2.87 3.79 0.36 2.78 
1965 0.99 2.49 2.15 .72 .27 1.35 1.44 .79 .23 .12 .09 .09 10.73 
1966 .20 2.81 2.86 .32 .99 .56 .09 .77 .09 .09 .11 .22 9.11 
1967 2.65 2.04 .48 .21 .14 .52 .44 1.91 .37 .12 .10 1.76 10.74 
1968 3.48 .40 2.76 1.28 .49 1.50 2.12 .13 .06 .25 .19 .18 12.84 
1969 .82 2.23 3.45 .97 2.01 1.30 1.15 1.90 .50 2.38 .32 1.94 19.98 
1970 1.39 3.52 1.98 3.04 .57 .43 1.66 .39 .10 .25 .37 .64 14.34 
1971 2.23 4.53 2.18 1.69 .25 .16 .18 .76 .23 4.48 .55 .48 17.71 
1972 1.41 2.17 .68 .64 2.08 1.01 .36 .25 .10 .14 .47 1.96 11.27 

Average ., 1.65 2.52 2.05 1.16 .89 .78 .87 .84 .51 1.29 .28 1.12 13.34 

Notes: USGS Station Description: 02053450 Ahoskie Creek at Mintons Store, N.C. (Chowan River Basin). 
LOCATION: lat. 36°16'46", long. 77°09'28", Hertford County, on right bank at downstream side of bridge on 

State Highway 305, 1.5 miles southeast of Mintons Store, and 3 miles upstream from Fort Branch. 
DRAINAGE AREA: 24 mP, approximately. 
PERIOD OF RECORD: February 1964 to December 1972. 
GAGE: Water-stage recorder. Datum of gage is 40.00 ft above mean sea level (Soil Conservation Service bench 

mark). 
REMARKS: Records fair. Entire basin above station channelized since February 1964. Recording rain gage lo

cated at gage. 

TABLE A-17.~Monthly and annual streamflow, watershed W-A3 

[Inches) 

Month 
Year AnnualJiin.-·-Feb:'-- M~~. Apr. May Ju~JuTy "A:ug. Sept.-Oct. --Nov.. -De~~ 

1964 0.13 0.82 4.17 3.54 0.11 2.91 
1965 1.01 2.34 1.86 0.39 0.04 1.33 .03 .82 .02 (1) (1) 0 7.84 
1966 .02 1.94 2.31 .06 .34 .08 .01 .10 .01 (1) (1) .03 5.17 
1967 .89 1.52 .27 .03 .02 .10 .06 1.15 .01 .02 .02 1.28 5.37 
1968 3.56 .28 1.91 1.47 .15 .37 .78 .01 0 .02 .05 .02 8.60 
1969 .28 1.86 3.22 .69 2.50 1.38 1.16 1.74 .85 1.61 .02 2.07 17.37 
1970 1.25 3.08 1.71 3.10 .41 .04 3.12 .76 .01 .04 .03 .04 13.59 
1971 1.33 4.25 1.82 1.48 .03 .01 .01 .12 .03 2.56 .28 .18 12.11 
1972 1.73 3.53 .55 .59 4.15 1.50 .17 .05 .01 .01 .04 .73 13.06 

Average .. 1.26 2.35 1.71 .98 .96 .60 .61 .62 .57 .87 .06 .81 10.39 

1 Trace. 
Notes: USGS Station Description: 02053400 Ahoskie Creek near Rich Square, N.C. (Chowan River Basin). 
LOCATION: lat. 36°14'52", long. 77°14'12", Northampton County, on right bank 150 ft upstream from culvert 

on Secondary Road 1100, 1.8 miles downstream from Seaboard Coast Line Railroad bridge, and a.5 miles southeast 
of Rich Square. 

DRAINAGE AREA: 3.7 mi2, approximately. 
PERIOD OF RECORD: June 1964 to December 1972. 
GAGE: Water-stage recorder. Datum of gage is 57.62 ft above mean sea level (Soil Conservation Service bench 

mark). 
REMARKS: Records fair. Entire basin above station channelized. Excavation was completed in July 1964. Re

cording rain gage located at station. 
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TABLE A-18.-Monthly and annual streamflow, 'watershed W-A4 

[Inches) 

Month 
Year AnnualJ-;n.~-Feb.--M-;;: --A);r:----May-fune July-- - Aug: Sept. --Oct.--N<iv.--Dec. 

1963 0.03 0.27 0.73 
1964 2.08 2.27 1.38 0.83 0.10 0.05 0.25 0.77 1.45 2.78 .20 2.02 14.18 
1965 .59 2.02 1.77 .39 .12 .35 .47 .31 .18 .10 .05 .05 6.40 
1966 .15 2.64 2.28 .14 1.93 .58 .05 .53 .11 .05 .04 .08 6.96 
1967 1.28 1.01 .24 .11 .06 .07 .61 4.29 .47 .06 .11 .86 9.17 
1968 2.59 .25 2.61 .81 .28 .30 1.07 .05 .06 .07 .10 .07 8.27 
1969 .40 1.42 2.37 .48 .52 1.06 2.35 2.28 .26 2.41 .20 1.77 15.52 
1970 .79 2.41 1.38 2.09 .42 .10 .90 .12 .07 .08 .08 .13 8.56 
1971 .60 2.64 1.63 .88 .22 .13 .14 1.30 .86 4.54 .32 .29 13.56 
1972 1.05 1.73 .52 .32 1.59 2.94 .83 .46 .10 .18 .76 1.40 11.88 

Average .. 1.06 1.82 1.58 .67 .58 .62 .74 1.12 .40 1.03 .21 .74 10.50 

Notes: USGS Station Description: 0201'3510 Ahoskie Creek tributary at Poor Town, N.C. (Chowan River 
Basin) . 

LOCATION: lat. 36~16'29", long. 77·00'38", Hertford County; on left bank 12 ft upstream irom culvert on 
Secondary Road 1105, 1 mile southeast of Poor Town, and 1 mile upstream from mouth. 

DRAINAGE AREA: 2.6 mi2, approximately. 
PERIOD OF RECORD: October 1963 to December 1972. 
GAGE: Water-stage recorder. Datum of gage is 30.86 It above mean sea level (Soil Conservation Service bench 

mark). 
REMARKS: Records good. Entire channel above and below station channelized and improved in December 1962. 

Recording rain gage located at station. 
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----------
..... TABLE A-19.-Annunllltnxhnu1n 7Jenlc dischwrge nnd volumes f07' selected time intm'vals, 1U(Lte1'shed W-Alo. 
m 

".,..~~---''''' --.-.....~.~ -''-'--''-

Peak Volume 
Year discharge l~h;;Ur' '2-hour' 6-hour ~- -12-hour I-day 2-day 8-day 

Date Rate1 
....,.--.,~--'"---."'..,. .. ------.-. Daie-AJnt.~ Date -Amt.2 D;rtc~ Amt:~ Date; . -Amt.2 ri;;:iC-A-ml2 ~ Date -A~t.~ D~Amt.2 

1l)(i4 Oct. 5 0.07 Oct. 5 0.07 Oct. 5 0.14 Oct. 5 0.42 Oct. 5 0.83 Oct. 5 1.65 Oct. 5 3.02 Oct. 3 4.15 
ll)(j5 July 16 .04 July 16 .04 July Hj .09 July 16 .26 July 16 .51 July 15 .84 July 15 1.03 July 11 1.70 
1966 Mar. 4 .05 Mar. 4 .05 Mar. 4 .09 Mar. 4 .27 Mar. 4 .54 Mar. 4 1.03 Mar. 4 1.57 Feb. 28 3.22 
19(;7 Jan. 8 .04 Jan. 8 .04 Jan. 8 .08 Jan. 8 .25 Jan. 8 .49 Jan. 8 .97 Jan. 8 1.48 Aug. 21 2.65 
1968 Jan. 14 .05 Jan. 14 (:1 ) Jan. 14 (:I) Jan. 14 (a) Jan. 14 (3) Jan. 14 (3 ) Jan. 14 (:1 ) Jan. 14 (3) 
19(;9 Feb. 2 . 03 Feb. 2 .03 Feb. 2 .06 Feb. 2 .17 Feb. 2 .28 Feb. 2 .54 Feb. 2 .93 Feb. 2 1.52 
H)70 Feb. 3 .03 Feb. 3 .03 Feb. :3 .0(; Feb. 3 .19 Feb. 3 .38 Feb. 3 .74 Feb. 3 1.42 .Tan. 30 2.55 
1971 Feb. 13 .03 Feb. 13 .03 Feb. 13 .Oli Feb. 13 .18 Feb. 13 .35 Feb. 13 .68 Oct. 23 1.17 Sept. 30 2.65 
1972 June 1 .03 .Tune 1 .03 .Tune 1 .05 May 31 .15 May 31 .31 May 31 .62 May 31 

"~_..v~._ ~~__ .....--. ~_...___~_. __ ... _. ______.._____~._. 

1.0(; May 26 1.29 

I A rea-inches/hollr. 
2 Area-inches. 
-'Missing record. 

TABLE A-20.-Annual 7naxintu1n pe(tk d'ischm'ge and 'volumes fo'}' selected time inte1'vals, 1Vate1'shed W-A2 

Year 
Peak 

diiicharge 

Da tc----n;te1 
1-houl' 

Date Amt.~ 

2-holll' 

D~te Amt.2 

6-hour 
Date - Amt.2 

Volume 

12-hOlll' 
" Dafe . ~Xmt.2 

1-rlay 
-'DateAmt:;; 

2-day 
D;tc-"-Amt~ 

8:day 
J)~~t~ ~Amt.!! 

19(;4 Oct. 5 0.08 Oct. 5 0.08 Oct. 5 0.17 Oct. 5 0.50 Oct. 5 0.97 Oct. 5 1.6,1 Oct. 4 2.37 Oct. 3 3.0(; 
1965 July 15 .05 July 15 .05 July 10 .10 July 15 .27 July 15 .49 June 16 .62 June 16 .83 Feb. 12 1.29 
19li(; M81\ 4 .06 Mar. 4 .06 Mar. 4 .11 Mar. 4 .31 Mal'. 4 .54 Mar. 4 .87 Mal'. 4 1.24 Feb. 26 2.49 
1907 Jan. 8 .07 Jan. 8 .07 .Tan. 8 .15 Jan. 8 .43 Jan. 8 .78 Jan. 8 1.23 .Tan. 8 1.57 Jan. 8 2.12 
1968 Jan. 14 .05 Jan. 14 .05 Jan. 14 .10 Jan. 14 .31 Jan. 1,1 .61 .Tan. 14 1.15 Jan. 13 1.80 Jan. 12 2.32 
19(;9 May 25 .04 May 25 .04 May 25 .09 May 25 .20 May 25 .50 May 24 .92 May 24 1.34 May 19 2.66 
1970 Feb. 3 .04 Feb. 3 .04 Feb. 3 .08 Feb. 3 .23 Feb. 3 .42 Apr. 13 .80 Apr. 13 1.04 Jan. 30 1.52 
1971 Oct. 24 .05 Oct. 24 .05 Oct. 24 .10 Oct. 23 .29 Oct. 23 .55 Oct. 23 .97 Oct. 23 1.45 Sept. 30 1.92 
1972 May 31 .03 May 31 .03 May 31 .06 May 31 .1(; May 31 .31 May 31 .50 May 31 .65 Dec. 14 .99 

J Area-inches/hour. 
~ Area-inches. 



TABLE A-21.-Annual maxim1tm peak dischct?'ge and volumes fo?' selected time intm'vals, 1V(tte1'shed W-AS 
. .. -~- ..... "~--"---' ., -_ ...--_.---- --'~-~ ~- --"•.~q--" • 

Volume 
~l-:hour ~--- -]:::-day---- . 

Peak 
Year discharge 2-hoUl'-- 6-hour 12-hour 2-day 8-day 

Date Rate1 -Date AmT~ --D~AmG -'Date Amt.2 'Date~::; Dat';- An~t.2 Dat;""Amf.~ Date Amt.2 
-~--"- ............... - .. -""._-,........., - - --------_. ..,..,.- -~ --..~----.- -"-.,--+~ ................ ~-.,-- --~-- .>- •• _ •• _

1964 Oct. 5 0.12 Oct. 5 0.12 Oct. 5 0.24 Oct. 5 0.67 Oct. 5 1.24 Oct. 5 1.88 Oct. 4 2.57 Oct. 4 3.49 
1965 June 16 .04 June 16 .04 June 16 .08 June 16 .23 June 16 .41 June 16 .69 June 16 1.00 Feb. 11 1.42 
1966 Mar. 4 .04 Mar. 4 .04 Mal'. 4 .08 Mar. 4 .22 Mar. 4 .38 Mar. 4 .65 Mar. 4 .99 Feb. 26 2.15 
1967 Aug. 23 .03 Aug. 23 .03 Aug. 23 .05 Aug. 23 .14 Aug. 23 .23 Aug. 23 .36 Aug. 22 .61 Aug. 20 1.10 
1968 Jan. 14 .08 Jan. 14 .08 Jan. 14 .17 Jan. 14 .49 Jan. 13 .88 Jan. 13 1.29 Jan. 13 1.67 Jan. 13 2.37 
1969 May 24 .06 May 24 .06 May 24 .12 May 24 .34 May 24 .58 May 24 .84 May 24 1.14 May 19 2.30 
1970 Feb. 3 .07 Feb. 3 .06 Feb. 3 . 13 Feb. 3 .34 Feb. 3 .55 Feb. 3 .84 Feb. 3 1.07 Feb. 1 1.80 
1971 Feb. 7 . 05 Feb. 7 .05 Feb. 7 .10 Feb. 7 .26 Feb. 7 .42 Feb. 7 .66 Feb. 7 1.00 Feb. 7 1.72 
1972 May 18 .05 May 18 .05 May 18 .10 May 18 .29 May 18 .52 May 18 .86 May 18 1.30 May 18 3.28 

--~------.-----.---- - - -"--~-----

1. Al'ea-inches/hour. 
!! Area-inches. 

TABLE A-22.-Annual maximum 1)eak d'ischa7'ge and 1)olumes fo?' selected time intervals, watershed W-A4 
".~-"--,.--~ .--'-~---

Peak Volume 
Year dischal'ge I-hour 2-hour 6-hour 12-hour I-day 2-day 8-day 

Date Rate1 Date Amt.2 
-~ 

Date Amt.!! Date Amt.2 Date Amt.; --Date- Am(2 D-;t; A-;n0 Date Amt.2 
,---

1964 Oct. 5 0.12 Oct. 5 0.12 Oct. 5 0.24 Oct. 5 0.64 Oct. 5 0.99 Oct. 5 1.28 Oct. 4 1.59 Oct. 4 1.83 
1965 July 15 .04 JUly 15 .04 July 15 .08 July 15 .18 Feb. 14 .32 Feb. 14 .49 Feb. 14 .82 Feb. 13 .95 
1966 May 30 .16 May 30 .16 May 30 .32 May 29 .82 May 29 1.01 May 29 1.01 May 30 1.19 Feb. 28 1.98 
1967 Aug. 22 .11 Aug. 22 .11 Aug. 22 .22 Aug. 21 .54 Aug. 21 .76 Aug. 23 .92 Aug. 23 1.64 Aug. 21 3.48 
1968 Jan. 14 .13 Jan. 14 .13 Jan. 14 .26 Jan. 14 .73 Jan. 13 1.20 Jan. 13 1.66 Jan. 13 2.01 Jan. 13 2.49 
1969 Oct. 2 .16 Oct. 2 .16 Oct. 2 . 31 Oct. 2 .93 Oct. 2 1.68 Oct. 2 2.05 Oct . 2 2.22 Oct. 1 2.42 
1970 Feb. 3 . 13 Feb. 3 .13 Feb. 3 .26 Feb. 3 .68 Feb. 3 .98 Feb. 3 1.15 Feb. 2 1.38 Feb. 1 1.77 
1971 Oct. 23 .09 Sept. 30 .09 Sept. 30 .18 Sept. 30 .50 ~"pt.30 .84 Sept. 30 1.55 Sept. 30 2.03 Sept. 30 2.56 
1972 June 17 .17 June 17 .17 June 17 .33 June 17 .86 June 17 1.21 June 17 1.33 June 17 1.41 June 17 2.47 

- "~--",~."-- "'.....
1 Area-inches/hour. 
2 Area-inches. 
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TABLE A-23.-Instantaneous 1Jeak discha1'ges, -wate1'shed W-Al 

[Cubic feet per second] 

Month
Year 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1964 603 1,150 1,470 2,550 63 1,960 
1965 156 1,200 522 138 98 965 1,580 800 67 21 (1) 6.8 
1966 66 289 1,680 28 1,240 550 44 520 39 11 16 57 
1967 1,520 452 (1) 189 (1) 865 367 1,400 320 16 (2) 515 
1968 (2) 52 1,500 690 167 337 557 36 (2) 45 99 17 
1969 543 1,060 1,010 156 855 660 556 706 351 (2) 68 817 
1970 103 1,210 895 1,000 373 262 598 327 13 171 95 115 
1971 582 1,080 832 945 55 61 78 601 96 949 121 90 
1972 735 722 116 131 731 960 374 514 28 345 366 769 

.---------- ~ --'"'"

1 No peak occurred during month. 2 No record. a Partial record. 

TABI.;E A-24.-Instantaneous peak discharges, 1vate1'shed W-A2 

[Cubic feet per second] 

Month
Year 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1964 261 104 1,120 1,340 44 1,120 
1965 (1) 401 217 238 2111 667 756 523 131 13 (3) (3) 
1966 42 675 872 12 279 259 8.3 714 17 23 40 71 
1967 1,160 221 24 14 4.4 383 77 515 86 13 14 279 
1968 794 (3) 596 289 99 347 439 31 (3) 109 119 56 
1969 214 458 340 57 653 353 191 571 141 786 58 320 
1970 142 693 474 660 101 98 430 30 27 153 83 86 
1971 405 578 430 480 53 32 100 241 24 768 42 39 
1972 338 204 37 40 436 182 65 42 3.2 21 107 369 

1 No record. 2 Partial record. :I No peak occurred during month. 

TABLE A-25.-Instantcmeous 1Jeak discharges, 1vcde1'shed W-A3 

[Cubic feet per second] 

Month 
Year 

Jan. Feb. Mar. Apr. May June July Aug. ·sepr.-- Oct. Nov. Dec. 

1964 52 18 339 295 '2.5 200 
1965 25 51 28 16 6.2 99 7.4 91 14 .54 (1) (1) 
1966 1.8 70 99 (1) 16 20 .62 55 2.2 2.5 2.3 6.7 
1967 98 19 8.0 (1) (1) 64 3.3 37 1.5 .82 1.0 29 
1968 198 4.0 55 34 2.3 40 34 2.2 (1) 2.4 2.4 (1) 
1969 10 40 36 2.8 145 56 39 75 30 123 .57 57 
1970 19 159 53 124 14 10 266 6.4 2.0 8.2 .60 2.1 
1971 28 2123 49 58 1.1 .09 .36 12 .26 65 (1) 2.8 
1972 53 61 7.2 9.8 12'{ 13 29 32 1.3 (1) 58 84 

----,-- 
1 No peak occurred during month. 2 Partial record. 
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TABLE A-26.-Instantaneous peak discharges, watershed W-A4 

[Cubic feet per second] 

MonthYear 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

5.4 
(2) 

130 
216 
18 
14 
7.8 

72 

53 
87 
18 
4.5 

113 
219 

90 
46 

31 
191 

2.1 
178 
334 
119 

53 
6.6 

8.2 
(1) 
(1) 
2.6 
5.0 

141 
54 
3.0 

3.3 
274 

1.0 
13 
74 
25 

9.7 
126 

32 
47 
1.8 

47 
149 
12 
17 

287 

29 
65 
2.7 

58 
183 
184 

72 
21 
73 

3 
22 
61 

200 
(1) 

101 
1.3 

125 
43 

13 
8.4 
3.2 

60 
2.6 

13 
1.4 

157 
316 

5 
6.3 

(1) 
(1) 
2.2 

260 
13 

155 
33.7 

25 
(1) 
(1) 
(1) 
7.0 
3.7 
1.7 
6.4 

32 

26 
(1) 
3.0 

(2) 

(1) 
116 

7.2 
3.6 

9~ 

1 No peak occurred during month. 2 No record. a Partial record. 

TABLE A-27.-Monthly maximum mean daily discharge, watershed W-Al1 

[Cubic feet per second] 

MonthYear 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1950 375 75 191 65 33 80 410 96 232 7.1 5.1 13 
1951 18 25 184 93 15 175 206 12 6.6 8.5 122 121 
1952 380 875 818 134 142 1.3 4.7 230 8.1 .6 46 34 
1953 95 356 223 194 42 11 31 124 1'1 2.3 5.9 178 
1954 1,060 178 155 256 362 25 .4 6.5 1.0 .5 1.5 17 
1955 30 89 164 25 10 41 37 380 1,330 60 43 36 
1956 65 447 713 438 378 8.5 12 18 44 239 500 112 
1957 335 767 427 108 2.5 19 2.6 22 7.5 77 268 556 
1958 404 371 698 268 1,080 28 27 371 117 52 18 474 
1959 442 375 323 433 60 3.0 420 600 209 1,110 143 478 
1960 371 411 189 146 80 22 1,460 1,390 2,200 16 17 57 
1961 110 525 346 114 708 83 103 .6 .7 3.3 19 54 
1962 410 480 264 116 28 4.5 63 .8 .5 2.2 30 23 
1963 488 192 218 32 8.3 52 3.0 4.2 400 8.6 63 136 
1964 375 314 578 712 17 26 309 696 1,030 2,490 50 1,890 
1965 143 828 415 118 56 462 1,230 522 28 14 6.6 6.6 
1966 47 965 ·1,170 26 799 299 20 305 21 9.5 10 32 
1967 1,200 350 67 20 13 714 264 1,120 188 14 20 385 
1968 1,700 48 1,460 521 147 219 279 12 8.8 24 61 15 
1969 439 824 810 137 750 453 477 688 294 1,000 46 644 
1970 282 1,100 607 886 324 128 492 129 9.7 102 72 83 
1971 357 767 786 700 33 19 36 450 200 906 101 83 
1972 634 587 96 104 586 781 237 325 17 186 241 601 

1 The maximums listed represent the absolute maximums for the month irrespective of time of occurrence 
relative to storm peaks. A given maximum may have occurred on the last day of the month, and the storm 
maximum may have occurred on the first of the following month. Therefore, the successive monthly maximums 
may not be independent events. Low-flow maximums may have occurred on more than 1 day within the month. 
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TABLE A-28.-Monthly maximum mean dctily discha1'ge, 1vatershed W-A21 

[Cubic feet per second] 

Month
Y.:iar 

Jan. Feb. Mar. Apr. May June July Aug. Sept. 
._------------- ---------

1964 174 238 6.2 11 55 185 637 937 26 753 
1965 60 244 154 50 23 365 292 198 20 5.1 2.8 2.3 
1966 15 292 430 11 126 116 3.9 236 9.5 5.8 16 27 
1967 664 168 26 9.8 4.4 190 44 335 48 5.0 8.4 199 
1968 743 20 418 203 48 150 259 12 1.7 37 44 6.5 
1969 139 299 271 52 581 208 134 389 89 701 l~ 218 
1970 100 508 295 492 78 61 274 81 8.8 74 56 49 
1971 215 431 270 279 24 10 32 134 67 468 30 27 
1972 162 140 35 38 193 229 42 26 5.0 21 66 226 

1 The maximums listed represent the absolute maxim urns for the month irrespective of time of occurrence 
relative to storm peaks. A given maximum may have occurred on the last day of the month, and the storm 
maximum may have occurred on the first of the following month. Therefore, the successive monthly maximums 
may not be independent events. Low-flow maximums may have occurred on more than 1 day within the month. 

TABLE A-29.-Monthly mCLximum mean daily dischaTge, watershed W-A8 1 

[Cubic feet per second] 

Month 

May .Tune -July----Au-g. "Sept: Oct. Nov. Dec: 

1964 4.6 67 166 170 1.5 133 
1965 9.7 41 25 5.0 1.4 61 .7 36 .7 .05 .05 o 
1966 .5 40 51 .7 7.1 5.2 .05 6.1 .2 .3 .1 1 
1967 25 18 3.5 .3 .1 7.9 1.2 36 .7 .4 .4 22 
1968 125 3.6 34 27 1.9 12 16 .6 o .87 2.2 .30 

1969 6.0 24 31 6.7 78 36 32 60 25 76 .25 39 
1970 14 55 34 67 12 3.4 70 44 .70 2.4 .34 .70 
1971 12 56 32 35 .63 .07 .13 5.5 2.4 43 3.9 2.6 
1972 31 47 6.5 7.5 65 58 7.0 4.1 .13 .12 1.6 9.7 
------------ -- .- ....-~~------

1 The maximums listed represent the absolute maximnms for the month irrespective of time of occurrence 
relative to storm peaks. A given maximum may have occurred on the last day of the month, and the storm 
maximum may have occurred on the first of the following month. Therefore, the successive monthly maximums 
may not be independent events. Low-flow maximums may have occurred on more than 1 day within the month. 
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TABLE A-30.-Monthly maxi1nmn mean daily discha1'ge, wate1"shed W-A4 1 

[Cubic feet per second] 

Month
Year 

J~.- FeS:- ,- Mar. -" Apl\ May--June July--- Aug. Sept. Oct. Nov. Dec. 

1963 0.1 4.3 6.1 
1964 20 18 21 14 0.3 0.5 6.3 15 36 89 1.0 45 
1965 3.5 22 16 3.9 .5 9.8 11 4.7 1.2 1.1 .2 .1 
1966 1.0 47 54 .5 72 14 .5 6.6 1.0 .2 .1 .8 
1967 .1 .1 .3 .1 .1 .1 .1 .1 .3 .2 .6 20 
1968 97 1.2 82 20 5.3 4.3 37 .2 .3 .53 2.8 .24 
1969 9.2 43 25 3.2 19 56 52 27 5.3 86 1.9 41 
1970 8.4 79 40 48 8.4 1.2 16 1.1 .28 .69 .24 1.0 
1971 5.6 37 29 18 3.1 1.1 1.6 51 51 83 3.4 2.3 
1972 24 26 5.4 2.3 29 64 13 14 1.0 4.5 15 29 

t The maximums listed represent the absolute maximums for the month irrespective of time of occurrence 
relative to storm peaks. A given maximum may have occurred on the last day of the month, and the storm 
maximum may have occurred on the first of the following month. Therefore, the successive monthly maximums 
may not be independent events. Low-flow maximums may have occurred on more than 1 day within the month. 

TABLE A-31.-Ahoskie Creek gl'OUnd-1cater-ll'ell maxim.urn and minimum monthly values 

[Feet] 

Well
:i2~ - -- --------:;-5--- .. -----sa---Month '1 34 G7 78 

Max~ Min. M~lY[in: lYrax:-1Iin. Max. -i\liil: ~fax. Min. Max. Min. Max. Min. 
"--"~~~~-'-~-'-~------'~~~--~ 

1968 
_____~_·~4· .. _____ 

January * ............. ~69.7 69.0 ·~71.4 70.4 53.5 52.7 43.4 41.5 56.7 56.1 41.6 041.4 

February .......... 69.0 68.3 70.6 69.6 53.3 52.6 41.7 41.1 56.6 55.9 41.8 46.1 


~March .......... ... 69.5 68.5 71.3 69.8 053.6 52.7 "43.5 41.2 556.7 56.0 42.4 41.8 

April .............. 69.1 68.3 70.9 69.5 53.5 53.1 42.5 41.3 56.6 56.2 42.2 42.0 

May ................ 69.0 67.9 70.8 69.0 53.1 52.6 42.1 41.0 56.2 55.7 42.4 42.1 

June ................ 68.9 68.3 70.2 68.5 53.1 51.6 41.6 40.7 56.1 54.7 42.5 42.3 

July 68.9 67.9 70.3 68.5 52.4 51.4 41.9 40.8 55.8 54.3 842.5 42.3
0 •• '>'0 ••••••••• 

August ............ 67.8 65.8 68.6 66.2 52.3 50.1 41.2 40.2 55.5 52.3 42.3 42.1 

September ......... 65.8 63.6 66.7 64.9 50.0 48.8 40.3 39.8 52.2 50.2 42.1 41.8 

October ............ 64.4 963.3 66.5 °64.6 48.7 48.4 40.0 39.7 50.2 49.7 42.0 41.7 

November .......... 66.6 63.9 68.4 65.3 48.8 °48.2 40.3 °39.7 50.5 049.5 42.1 41.8 


~December ... ....... 67.4 66.5 68.7 67.4 49.1 48.7 40.6 40.3 50.9 50.5 41.9 41.6 

~........-~.. -..... ~ .. "---------------~-~. 

1969 
---. _..-.~~ ~-.--~ -'- ~-------~-------~--"~-

January •• •••••• •• 1 68.9 67.4 71.1 68.6 51.0 949.1 42.6 040.5 54.2 "50.9 41.8 041.5 
February ·.t.··.··. 69.4 68.8 ·'71.4 70.3 52.6 51.1 42.9 41.4 56.1 54.3 41.8 41.5 
March ............. 1'69.5 68.8 71.3 70.1 53.3 52.6 ·~43.0 41.7 56.6 56.1 41.8 41.6 
April . ............. 68.9 68.6 70.6 69.6 53.1 52.9 42.3 41.6 56.6 56.3 42.0 4l.7 
May .............. ~ 69.0 67.5 70.8 68.3 52.9 51.6 41.9 40.8 56.2 54.7 42.7 4l.7 
June ....... , .~ ..... 68.8 67.9 70.7 69.0 52.6 52.1 41.6 40.8 56.0 55.2 42.2 41.9 
July ............... 68.7 67.8 70.3 68.7 52.7 52.1 41.4 40.7 56.2 55.6 42.2 41.9 
August •••••••••• ~ :> 69.2 67.7 70.9 68.7 53.0 52.1 42.0 41.0 56.5 55.8 42.5 41.9 
September ..... , ... 
October ............ 74.0 71.5 

68.4 
69.1 

n66.5 
67.9 

70.4 
71.3 

068.2 
69.4 

52.4 
52.7 

51.2 
51.9 

41.6 
42.6 

40.5 
40.9 

55.8 
56.2 

54.4 
55.3 

42.1 
543.2 

41.8 
41.9 

November .......... 72.7 71.4 68.6 67.9 70.7 69.4 52.1 5l.9 41.2 40.9 55.8 55.3 42.1 41.9 
December .......... '74.8 !l71.0 69.3 68.1 71.3 69.4 ·~53.3 51.9 42.5 40.9 856.6 55.4 42.4 42.0 

See footnotes at end of table. 
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TABLE A-3l.-Ahoskie Creek ground-water-well maximum and minimum monthly values 
-Continued 

[Feet] 

Well-
Month :11 22 34 45 56 G7 78 

Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. 

1970 

January ........... 74.6 72.9 69.2 68.8 71.1 70.1 53.5 53.3 43.0 41.8 56.7 56.5 42.3 42.1 
February .......... 875.2 73.5 869.6 69.0 871.4 70.3 54.0 53.4 44.1 42.4 857.0 56.6 42.9 42.2 
March ...... ~ ........ 74.5 72.3 69.2 68.6 70.9 69.6 53.8 53.3 43.7 41.9 56.8 56.4 42.8 42.3 
April ............... 75.0 72.7 69.4 68.8 71.3 69.7 854.0 53.7 844.1 42.3 56.9 56.7 843.2 42.5 
May ............... 74.0 71.0 69.2 67.8 70.9 68.7 53.8 52.2 43.4 41.5 56.8 55.2 42.9 42.8 
June ............... 70.9 69.6 68.2 67.6 70.1 68.4 52.2 50.9 41.6 40.9 55.1 52.9 42.9 42.7 
July ................ 74.1 70.1 68.5 67.8 70.9 69.2 52.0 50.8 41.9 41.1 54.8 52.7 42.8 42.6 
August ............ 73.4 70.1 68.5 66.8 70.2 68.2 52.1 50.7 41.8 40.7 55.1 53.1 42.8 42.3 
September ........... 69.9 68.5 66.7 64.7 68.0 66.4 50.6 49.3 40.7 40.2 53.0 50.7 42.3 42.0 
October ............. 71.1 968.2 67.1 °64.2 69.7 966.0 49.3 °48.7 40.5 940.0 50.7 °49.9 42.1 41.8 
~ovember .......... 73.1 71.4 68.5 67.4 70.7 69.2 49.8 49.1 40.9 40.4 51.3 50.6 42.0 41.8 
December .. '........ 73.8 70.4 69.0 67.6 70.8 68.8 50.9 49.5 41.5 40.4 53.2 50.8 41.8 941.6 

1971 

. January ........... 74.8 72.7 69.3 68.7 71.1 70.0 52.9 51.0 42.5 41.1 55.8 53.2 41.9 41.7 

February ....... " ... 75.1 73.6 69.7 69.1 71.3 70.4 53.6 52.9 43.5 41.9 56.6 55.8 42.0 41.6 

March ............. 74.7 72.5 69.4 68.7 71.1 69.7 53.7 53.3 43.3 41.9 56.7 56.4 42.0 41.7 

April .............. 75.0 71.7 69.5 68.3 71.2 69.2 53.7 52.8 843.9 41.6 56.7 55.9 42.2 41.9 

May ............... 71.6 70.5 68.5 67.7 70.1 68.4 52.8 51.9 41.9 41.1 55.8 54.9 42.2 42.0 

June ................ 71.0 69.3 68.6 67.2 70.0 68.1 52.2 51.3 41.7 40.8 55.2 54.3 42.2 41.9 

July ............... 69.5 68.7 67.5 66.4 68.9 °67.3 51.2 50.0 40.9 40.4 54.2 52.5 41.9 41.7 

August ............ 72.6 968.3 67.8 065.2 71.2 67.7 50.4 °49.3 40.8 °40.1 53.9 051.2 41.9 41.5 

September ......... 72.5 69.5 67.8 66.7 70.6 68.9 51.3 50.5 40.8 40.4 54.9 54.1 41.7 941.4 

October ............ 875.2 73.2 869.8 68.2 871.6 70.3 53.8 51.5 43.8 41.6 56.8 54.8 842.7 41.6 

November .......... 74.3 71.8 69.5 68.5 71.0 69.6 s53.8 53.0 42.7 41.4 56.9 56.2 41.8 41.6 

December ., ........ 73.3 72.1 69.1 68.7 70.6 69.8 53.1 52.9 42.0 41.4 56.3 56.2 41.9 41.7 


1972 

January ........... 75.1 72.2 69.7 68.8 871.3 69.7 53.6 53.0 43.4 41.5 56.7 56.2 42.3 41.8 

February .................. - 74.9 72.8 869.7 69.0 7'1.3 70.0 853.9 53.4 43.7 41.9 857.0 56.6 42.4 41.9 


~March ........ ...... '"" ....... 73.3 72.3 69.1 68.6 70.2 69.4 53.8 53.3 42.5 41.8 56.8 56.4 42.4 42.1 

April ................ 72.9 72.1 68.8 68.6 70.1 69.3 53.8 53.0 42.1 41.6 56.5 56.1 42.4 42.1 

May •.............. 875.1 71.9 69.5 68.5 71.0 69.2 53.5 52.8 42.7 41.7 56.6 56.0 42.9 42.3 

June .* ............... 74.6 71.7 69.1 68.2 70.7 69.0 53.5 52.6 43.1 41.5 56.7 55.8 42.9 42.3 

July ................. 72.5 71.0 68.5 67.7 70.5 68.2 52.8 51.9 42.2 41.2 56.1 55.1 42.4 42.2 

August ............. 72.8 69.6 68.5 66.7 70.6 68.0 52.5 51.2 41.9 40.9 56.1 54.3 42.4 42.0 


September ......... 69.7 68.6 66.6 °65.0 68.2 66.6 51.0 49.5 41.0 940.6 54.2 52.4 843.0 41.8 


October ............ 68.5 68.1 66.2 65.1 68.8 66.8 50.3 949.3 41.4 40.7 54.2 952.2 42.1 41.8 

~ovember .......... 72.1 068.1 68.5 66.0 70.3 067.4 51.7 50.1 42.2 40.8 55.9 54.3 42.0 41.7 

December ........... 74.9 71.7 69.4 68.5 71.0 69.5 52.5 51.7 43.1 41.6 56.5 56.0 42.1 
 941.7 

1 Ground surface elevation: 75.9 ft. 2 Ground surface elevation: 70.1 ft. 3 Ground surface elevation: 71.5 
ft. ·1 Ground surface elevation: 66.7 ft. S Ground surface elevation: 45.5 ft. a Ground surface elevation: 
63.0 ft. • Ground surface elevation: 46.9 ft. sMaximum yearly value based on a hundredth of a foot. 
o Minimum yearly value based on a hundredth of a foot. 
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TABLE A~2.-U.S. CustomarlJ to metric 
conversions 

To convert 
----,F=-ro-m-------:T=o------ Multiply by-

Inches - ............ millimeters 
 25.4 
Inches ............. centimeters 2.54 
Feet . - ........... _. meters ............ . .3048 
Miles .............. kilometers ........ . 1.6093 

Square feet ........ square meters .... . .0929 

Square miles ....... hectares ........... 259 

Square miles ....... square kilometers .. 2.59 

Square miles ....... acres ............... 640 

Acres ............... square miles ....... 1.5625 X 10-3 


Acres .............. hectares ........... .4047 
Cubic feet - ........ cubic meters ....... .028317 
Cubic feet 

per second ....... acre-feet per day " 1.9835 
Cubic feet cubic meters 

per second per second ....... .0283 
Gallon per minute . liter per minute ... iJ.7848 
of ................. °C ..... '" ........• 5/9("F-32) 
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