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ABSTRACT

A system has been developed for simulation of streamflow data at
any point in a region. The system is known as NCSSARR (North Carolina
version of the Streamflow Synthesis and Reservoir Regulation model) .

NCSSARR is based on the Streamflow Synthesis and Reservoir Regula-
tion (SSARR) program developed at the North Pacific Division of the
Corps of Engineers in Portland, Oregon. Control programming minimizes
input requirements to permit a planmner with limited hydrologic or com-
puter background to use the system. The system is interfaced with the
data storage and retrieval system known as HISARS to provide convenient
data access as well as routine processing of the simulated streamflow
data.

Simulated streamflow data have been obtained for most river basins
in North Carolina. Parameters required for the simulation have been
obtained by comparing the simulated data with observed data wherever
available. After fitting, the simulated data have been compared with
observed data with respect to several criteria, including mean flow, low
flow, high flow and monthly distribution. The data are in reasonable
agreement for most stream gages, implying that the simulated data may be
used in lieu of observations wherever the latter are not available.

The simulated streamflow data may be used to study alternative
management of the water resources of a basin. If is possible to intro-
duce one or more proposed reservoirs into the system to determine the
effect of operation of the reservoirs on downstream flows. It is also
possible to simulate the effect of diversion of flow, with return to
another location. It is also possible to modify watershed character-
istics and in this way study the effect of potential development on
gtreamflow.

This report provides a description of the criteria used to fit the
model parameters, and discusses the effect of modifying various para-
meters on the test criteria. The general characteristics of the para-
meters in each basin are identified, and the relative utility of the
simulated streamflow data for each basin is considered. Appendices are
provided for each basin, giving the test results and showing the basin
organization under NCSSARR and the Job Control used in creating the
simulated records.






TABLE OF CONTENTS
Page

ACKNOWLEDGMENT S c e o cscocnsecsoosssesoonsasasscooncccoonnnonscsosas iii
ABSTRACT e s e evosonssanoossossasoososcoooeaoosccasosscosansnsssasss v
TABLE OF CONTENTS: ccsvscososoosascecocossoosossoosvosonnsssssnssns vii
LIST OF FIGURES..ccossscosocsoscsssassossosasssassccssonososassss X
SUMMARY . s e cvocsncocoonosancssaosscossosesonsssasossssnsosesossosss xi

1¢ INTRODUCTION. s cosossososacacssosonnscoaossossssssscscossonasssssa 1
2. B NCSSARR SYSTEM. cooevsoocsocsosossssossososscassssecesasosses 2
1. SSARR..cocossssscoscsosconsocoscssscsscossosssscacosscsss 2
2. HISARS.:scooscacossccssooscocescocososossosossossscassssas 7
Ze CONTROL.:osacosososssasasosossossssososaseoscacoscsssaases 8
4. System Outline.c.eocseoscseoscassoscsasscoscasossoesssacas 10
5. Sub-basin OrgeanizZatioNeccoscocsssoosscsccssssonsssassas 12
6
7

. Basin SimulatioNeccsossovssoocecsossncossossesssasasnsa 13
L4 Stored Files.ﬁoDDIIBBQQ-IiGﬁns@.cB‘OIoO.lo..bOl.!.I.l‘l 13

3., PARAMETER FITTING:.cceccoosssoaacscensaasssasossasusccsesnasss 15
Ze1. Fitting Criteriacceccecccoosscsocsosssscosancscssnonoosa 15
3.2, Model Parameters.cccescocecsssssoosscssosccsosassssasasna 17
%.%. Effect of Parameter Modification on Fitting Criteria... 18

. t=
S DO -IU S NN = D

- O -

UL TS coooasssosasosoossossosoecsosacoassssacossossssssassae 23
Introductionecesoscsacoscsasocosccoocososssocsosssasasse 23
Tar River BaSiNecseossscssovsosssscosacssscssnscnssansss 24
Neuse River BasiNeccccacosocvsosscocsasscscasssssnonsscns ' 25
Cape Fear River BasiNe:scccosssscssccssnsnsssoseosossos 26
Yadkin-Pee Dee River BasiNeoocsssoososoocsosoossonacsssos 27
Catawba River BasiNeeescscoscssosssssesessscssosssonssss 29
Broad River BasiNoesecsccoocsossssoscsoasencsosvosocssn 30
New River BaSine.scosoveocsossoasososossosacosonsssosesa 30
Watauga River Basineeescevesoscsscsccassoscsocssnsscansos 21
French Broad River BasiNeescescsscsscososeossoasessosos 31
Hiwassee River BasSinNeecccocscosesosscsssssssssossasensses 22
Little Tennessee River BasSineecsecooscoccosvosossasasnns 32
Savannah River BasiNe.ccscevocsccsscoosoacecosssccseranoos 33
4,14, General SUMMATY oo ceseroescssososasssscosssssosonssosnss 24

B N O N Y N N N N N
H

- -
W N



Page

5. APPLICATIONS..vveesccsoso cevecanen Sesescsscascrsesssrsoeasses 36
5.1. The lLevel B Study on the Yadkin-Pee Dee River Basin.... 26
5.2, Total StreamfloWeceosceocccrosocsssssosssosecscnssosena z8
5.%. Simulation of Unfitted WaotershedsSioeesceesocsoascocesan 29

5.4. Hourly Simulation.esecosss cooescesana Gosesstosarasesnas 40

6. REFERENCES..cecveccscocssncnss cseescssaencerans cevosoes e PN 41

APPENDIX A - TAR RIVER BASTIN:ccceceosooososesssosasanasnassncesssnaes A- 1
Comparison of Simulated and Observed Dat@.cc.ecoevcecocscnass A= 3
Sub-basin Organization.ecseescssoecossocasssns esesccccasas cessan A- 5
Simulation Job Controlececvecvocvovsocsnns ceoaseo cvesossansas A- 9

APPENDIX B - NEUSE RIVER BASIN.ovoa.. ceccossscsassacansoscsscnsas Be 1
Comparison of Simulated and Observed Data:cosceeesccescossose B-= 3
Sub-basin Organization.ccosieocsoesatoscescocrooasosssossssonse Be 7
Simulation Job Control.eccevecconscscocsonssconsosasccssssoss .. B-11

APPENDIX C ~ CAPE FEAR RIVER BASTIN::vcesocevsosessnssasosasscnasnce 0= 1
Comparison of Simulated and Observed Data........ cscesssesses (=73
Sub-basin Organization..c.ccecocsossescssssosscsasoncsosasssess L= O
Simulation Job Control...ceceeenen coecsesessascsanssssacnssss (=19

APPENDIX D - YADKIN -~ PEE DEE RIVER BASIN..... seasessessorsssenss D 1
Comparison of Simulated and Observed Data...... cecsocceso e . D-3
Sub-basin Organigzation...... vesscans coeesrcscecsecansssessses D=11
Simulation Job Control.eeesocascsvssases ceosan csescscscsnsssse D=29

APPENDIX E - CATAWBA RIVER BASIN::ceossoasvenss Cesscsmassaaannann E- 1
Comparison of Simulated and Observed Data.....ccee0ee.e creesee -3
Sub~-basin Organization...ececesesceccsas D . 4
Simulation Job Control.ciessececnss sessernesans sessesssseeses B=11

APPENDIX F - BROAD RIVER BASIN...... recsessassana T
Comparison of Simulated and Observed Data..... cevesssoe ceseas F-
Sub-basin Organizationesiecsoscess D cesecesenss P
Simulation Job Control.......... sactevescessesesessssssonnses F-

-1y =

APPENDIX G - NEW / WATAUGA RIVER BASTINS:seveeoeessossocsssossnnes (=
Comparison of Simulated and Observed Data...cecivevscecierses G-
Sub-basin Organization..... tecocesecavecssesercsascesesons s ns G-
Simulation Job Controlecesocecccess e eseras T ¢

31—

viidi



APPENDIX H - FRENCH BROAD RIVER BASIN...occovcouvvasscocacsaosonca
Comparigson of Simulated and Ubserved Dataccoccccccsssosonccas
Sub-basgin OrganizaticN.sccoccoacccasossooscsoocovsoosoesasassaa
Simulation Job Controleccoccsosassassooscoossscaccacosasacoassa

APPENDIX I - HIWASSEE / LITTLE TENNESSEE / SAVANNAH RIVER BASINS.
Comparison of Simulated and Observed Datassccesrecscscconcons
Sub-~-basgin Organizetion.csecssscescssusconosscoavoasooosorssnns
Simulation Job Controlesecocscssosscocoocasoscoenosavosossssas

APPENDIX J ~ AUXILTARY FILES:.cecsoccoccoocsacosossscsansscosssanss
Creation of the NCSSARR Main Program.ceccecccosccscscocoasesns
Compilation (Typical)cscesecscaosccosaossssssasossnssas

Linkage Editing.ecocecosscsococossssoscsscsosonscessascss

Creation of Auxiliary FileS.cccccescescossssossosscssasasonsea
CBFILE -~ Job Controlceccesceosecesssosocvenss
CBFILE -~ Cataloged Procedur@sccoscoceccsvcoss
CCFILE - Job Control.cvecoscccooscasscacnss
CCFILE ~ Cataloged Procedur€.csossacessscos
CFILE ~ Job Controlecscoesocoascsssocnsoscas
CFILE - Cataloged Procedurecccoscesssccasces
PFILE - Job Controlicscccecoscocsssassassns
PFILE - Cataloged Procedurecccecesccocsssas
Creation of Simulated Data FileScccecvoosvonssssaceassasnsans
INIT - Initiation of Sub-basin Simulation..ececeecsvsecs

CONT ~ Continuation of SimulatiofNesescocescoscsncssaoss

CHAR - Creation of Common Charascteristic Filesssecsasss

T30 CLIST for Creation of Simulated Data File.:iocsoeves
Comparison of Simulated Data with Observed Recordsccveceavsse
NCSRSAS ~ Procedure for Testing of Simulated Data......

TS0 CLIST for Testing of Simulated Dataccocscsssevecans
BASINFIT.CNTL ~ Job Control.ceecocosscocvossossaocsnonoss
TSTCARD -~ File of Card Images for Test Specification...

Creation
Creation
Creation
Creation
Creation
Creation
Creation
Creation

Execution of NCSSARR:vssscsssos

of
of
of
of
of
of
of
of

9 8% 5 50O e 00 e WG OO00E O8I SN SO0 R

NCSSARR - Procedure for Execution of NCSSARR.ccevcosoocs
TS0 CLIST for Execution of NCSSARReccesoccsosssocossscas
RUNGCNTL - JOb COntrOluuaoonuaeoooo-nuuo:-oo-o.o-u.n--o

APPENDIX K - NCSSARR MODIFICATIONS

ix

J-
J-
J-
J =
J-
g
I~
J=
J-10
J=10
J-13
J=14
J-16
J-17
J~17
J-18
J~19
J=20
J~23
J-23
J-25
J-28
J-29
J-34
J-34
J-35
J-3%8

00 00 U1 U1 WA U A



LIST OF FIGURES

Page
2.17. SSARR Watershed Modeleicvooccscsvoavssonoonosscconsssnssacese

4
2.2. Components of river DE8iNcsccasivisvisuscosssvasavvnssssssss 6
2.%3. MNCSSARR System Organizatiofiecccscscccossscssesssscsosaovsse 11




SUMMARY

Streamflow data have been simulated for a number of river basins in
North Carolina. The data were simulated using the NCSSARR system,
fitting the model parameters for gaged watersheds in the basins.

A number of test criteria were used in fitting the model para-
meters, to ensure that the mean flow, low flow, high flow and monthly
distribution of the simulated data were in reasonable agreement with the
observations. The values of the test criteria have been tabulated.

The results show that the simulated data are in reasonable agree-
ment with the observed data in all basins, and can be used for locations
where observed data are not available. The simulated data are most
reliable in the mountains and in areas with an adequate number of preci-
pitation gages. They appear to be somewhat less reliable in the Pied-
mont and Coastal Plain. Although the effect of inadequate precipi-
tation measurements affects the comparison of simulated and observed
data, it should have little effect on the utility of the simulated data.

Data are simulated on headwater and tributary watersheds as well as
on main streams under natural conditions. Where the streams are unaff-
ected by regulation or diversion, the agreement is very good. Where
regulation is significant, however, the simulation should be modified
accordingly.

The results of this project have already been applied to a Level B
Planning Study of the Yadkin-Pee Dee River basin, and are expected to be
used on a similar study on the Cape Fear River. The simulated data
provide a means of examining the effect of modified reservoir operation,
increased water supply utilization and other demands on downstream flow.

xi






INTRODUCTION

The importance of regional planning is demonstrated by the large
number of state water plans now under development. Developers of these
plans must know how much water is available, as it varies through space
and through time.

Prospective development projects such as reservoirs and diversions
cause changes to the streamflow regime. While the general effect of
such projects is understood, occasionally unforeseen consequences occur
which cause serious problems. In addition, changes in the urban deve-
lopment patterns of a region change both the hydrolegic characteristics
and the water requirements of the area. Evaluation of the consequences
of such changes requires detailed analysis using techniques such as
gimulation.

- In a previous study (Wiser, 1976), a simulation system called
NCSSARR was developed. This system provided a means for obtaining a
synthetic streamflow record at any point given only a sub-basin identi-
fication and the upstream watershed area. To demonstrate its utility, a
simulation of the Neuse River basin was made and results were compared
with observed records at gaged locations.

This report summarizes work done to extend the simulation to the
entire state of North Carolina. Emphasis is on the criteria used to fit
the parameters, the techniques of fitting the parameters and a compari-
son of the simulated results with observed records. Only to the extent
required to fulfill these aims is basic material on the system itself
included, and this is drawn largely from the report of the previous
study, which will be referred %o as the first report.

Some changes have been made to the original version of the system.
These, together with corrections to the first report will be described
specifically. For complete details on the system the reader is
referred to the first report.



THE NCSSARR SYSTEM

NCSSARR is a system that has been developed to simulate streamflow
at any peint in a river basin. Watershed simulation and basin organiza-
tion are based on the Streamflow Synthesis and Reservoir Regulation
(SSARR) program. To this has been added features to make output compat-
ible with the Hydrologic Information Storage and Retrieval System
(HISARS), and organization of the whole to make it more convenient for
users.

This chapter summarizes the NCSSARR system. For more detail, the

reader is referred to the first report(Wiser, 1976).

2.1+, SSARR

The Streamflow Synthesis and Reservoir Regulation program was deve-
loped by the North Pacific Division of the U. S. Army Corps of Engineers
(Rockwood, 1968). The system has been used on large complex river
basins including the Columbia and Mekong Rivers. It is currently being
used for operational forecasting in the Pacific Northwest.

The system is much too complex to describe here in detail.
Excellent documentation is available in the Program Description and User
Manual for SSARR, (U. S. Army FEngineer Division, North Pacific, 1972)
which may be obtained from the division office in Portland, Oregon. A
general knowledge of SSARR is necessary in order to undersitand NCSSARR,
so a brief outline of the sysftem is given here. The above reference has
been drawn upon freely in this description.

In SSARR, river basins are broken down into four major types of
components:

a) Watersheds;

b) Lakes and reservoirs;

¢) Channel reaches;

d) Summing points.

The actual selection of basins is to a considerable extent
arbitrary. Bach of the basins indicated could itself be subdivided if
required. On the other hand, making the basins much larger could
introduce excessive heterogeneity into each basin which could not be
adequately modelled.



SSARR processes the parts in three stages:

a) a watershed model for synthesizing outflow from each watershed;

b) a river system model for accumulating and routing streamflow
through channel and lake storage;

c) a reservoir regulation model for analysis of reservoir outflow
and contents.

The watershed model is illustrated in Figure 2.1. Moisture input
(which may include rainfall and snowmelt) is divided into runoff and
accumulation to soil moisture by SMI - the soil moisture index. The soil
moisture is depleted only by evapotranspiration, although deep seepage
out of the watershed can presumably be included. Runoff is divided into
base flow and direct runoff by BIT - the base flow infiltration index.
Direct runoff is further divided into surface and subsurface components
by S-SS ~ the surface - sub-surface flow separation.

Several aspects of the model are worth emphasizing:

1) Rainfall input may be multiplied by a factor to obtain the
moisture input, in case the raingage is known to be non-representative
of the watershed.

2) Moisture input is divided immediately into runoff and soil
moisture accumulation. This means that neither subsurface flow nor base
flow are interpreted as part of the soil moisture at any time, and are
therefore not subject to loss by evaporation or deep seepage.

3) The only ways by which water leaves the watershed are by
evapotranspiration and streamflow. Evapotranspiration may be limited
either by rainfall or by low soil moisture content. If there is
groundvwater flow into or out of the watershed, this is lumped with the
evapotranspiration, and the quantity is referred to as the
evapotranspiration index (ETI).

4) There is no limit placed on the soil moisture index. It can
however be controlled by making the runoff percentage sufficiently high
at 2 given value of the so0il moisture index.

5) A unique feature of the model is the use of tabular functions
for the SMI, BII and S-SS relations. Values are obtained by table
lookup and interpolation rather than by equation.

6) The SMI relation relates the runoff percentage (ROP) to the soil
moisture index, optionally as a function of the rainfall intensity.

7) The BII relation relates the base flow percentage (BFP) to the
base flow infiltration index and an optional base flow input limit.

8) The S-38 relation relates the rate of runoff to the rate of
direct runoff. This is generally set so that subsurface runoff is
dominant at very low direct runoff rates, but as the rate of direct
runoff increases, the sub-surface runoff becomes constant and the excess
is surface runoff.
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9) All three components of runoff {surface, subsurface and base
flow) are routed separately to the stream. This permits required time
separation of the components tc produce a desired hydrograph form.
Routing is controlled by the number of phases and time of storage per
phase - basically the same method as is used in the river system model.

10) There is fairly comprehensive modelling of snowmelt. Since
this is of minor importance in North Caroclina, the procedure has not
been evaluated as part of this project.

The river system model organizes the components of the river basin
as in Figure 2.2. This requires accumulation of flow at the summing
points, routing of flow through channel reaches, lakes and reservoirs,
and control functions such as reservoir operation and diversions.

The routing method is based on the continuity equation and assumes
a relation between storage (8) and outflow (0) of the form:

S = T40.
The propdrtionality factor Ts is referred to as the time of storage.

For channel routing, it may be assumed to vary with discharge. One
method is to assume the relation

7. = (KTS)
s o0
where KTS is an empirically determined constant;

Q is the discharge;:
n is an empirical coefficient usually between -1 and +1.

Alternatively, it is possible to specify any complex relationship of Ty
to Q in tabular form.

During a run, tables and station characteristics are stored in a
file referred to as the characteristic file. This file may be stored
permanently, so that repeated runs using the same stations and tables do
not require repeated input of this information. The stored tables and
characteristics are modified whenever conflicting information is given.
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2.2. HISARS

The Hydrologic Information Storage and Retrieval System (HISARS)
was developed at North Carolina State University (Wiser, 1975). The
system is designed for storage, retrieval and routine processing of
hydrologic data.

Data listing and processing functions have been used widely for
observed data, and many users have become familiar with its use. Tt
seemed reasonable, therefore, to use these same capabilities on the
synthetic data produced by SSARR. Further, with statewide rainfall data
files already available from permanent storage, these should be directly
available to SSARR.

Standardized file formats have been developed for HISARS. Although
data could be converted from HISARS format to SSARR format before
processing by SSARR, it is more efficient to modify SSARR to read the
HISARS files directly, and this has been done for the version of SSARR
used in NCSSARR.

HISARS uses an eight~digit code to identify streamflow stations,
while SSARR can accept up to nine. This therefore caused no problems.
However, HISARS uses a six-digit code to identify rainfall stations,
while SSARR is limited to four. This was solved by including in the
SSARR input deck (as a rainfall station characteristic) a number
translation to convert the internal (SSARR) code to the external
(HISARS) code.

Use of HISARS has been described in the Reference Manual (Wiser,
1975), and full capabilities of the system are given in the manual. In
NCSSARR its use is limited to processing of the simulated streamflow
output produced by SSARR. :



2.%. CONTROL

The function of the CONTROL program is to read user-oriented input,
produce the required control statements for SSARR and/or HISARS, and to
control the subsequent processing. Although it is designed to permit
the casual user to use the system with minimal input requirements,
CONTROL also permits a substantial part of the full SSARR capability to
be utilized.

CONTROL recognizes the following commands:

STREAMFLOW/op1/op2
RESERVOIR/op1/0p2
DIVERSION/op1/op?2
RETURN/op1/0p2
TEST/op1/0op2

PERIOD m1/yyy! TO m2/yyy2
HISARS.

IN addition, SSARR and HISARS control cards are accepted under certain
restrictions.

The purpose of the first four commands is to specify where synthe-
tic streamflow records are required and where a reservoir, diversion or
return point is to be located. In each case, the first operand speci-
fies the sub-basin in which the point is located, and the second
(optional) operand specifies the watershed area above the point.

The TEST command is used to compare simulated and observed stream~
flow records. The simulated record is for the point specified by the
first STREAMFLOVW control card. The first operand specifies the U. S.
Geological Survey station number for the observed record, and the second
operand specifies the watershed area.

The PERIOD command limits the period of record for which simulation
is required. If it is omitted, the standard period used in creating the
permanent file is used.

The HISARS command specifies that HISARS processing is desired. It
must be followed by HISARS commands to specify the processing required.

SSARR control cards may be included in the input deck, and are
required in some cases. Reservoir, diversion and return point
characteristics must be entered on SSARR control cards, and should be
entered immediately following the CONTROL command for the point. A
number of optional features including the SSARR output facilities can
also be obtained using SSARR control cards. A full description of these
facilities can be found in the first report.




What CONTROL does as a consequence of certain commands being given
depends on the particular character of the commands. There are three
major sub-classes in the processing:

1) No SSARR processing is required. This will be true if only
STREAMFLOW, HISARS and optional PERIOD commands are used, and if on the
STREAMFLOW commands only the first operand is specified. In this case,
the required simulated streamflow records are already in the permanent
file, and no simulation is required. Control passes directly to HISARS.

2) Streamflow simulation is required, but no reservoirs, diversions
or return points are specified. This will be true if STREAMFLOW
commands are used, with both operands specified on one or more commands,
with optional TEST, PERIOD and HISARS commands. In this case, simulated
streamflow records for whole sub-basins (second operand omitted) are
copied from the permanent file. For partial sub-basins, there are two
alternatives. If the partial sub-basin is internal to a sub-basin, only
the watershed characteristic and corresponding configuration cards must
be created. If the partial sub-basin is along a main channel, the
watershed and channel reach characteristics must be created, the
upstream point must be identified, and configuration cards to route the
upstream flow to the specified point and add in the local inflow must be
specified.

3) Full simulation is required. This will be true if reservoirs,
diversions or return points are specified. The particular information
required depends on the specification, but in general, watershed,
channel reach, reservoir and diversion characteristics will be required.
Configuration cards necessary to route flows from reservoirs, diversions
and return points (assumed upstream) to streamflow points (assumed
downstream) are required, and the possibility of segments in two river
basins (for inter-basin transfers) included.

CONTROL does not permit two or more streamflow, reservoir,
diversion or return points within a single sub-basin. In cases where
this is required, either the sub-basin must be subdivided or complete
SSARR control cards can be given.

CONTROL uses four permanent data sets to obtain the information
required for the above operations. These data sets convert the external
sub-basin number given by the user into the internal number used by
SSARR and HISARS, supply the complete watershed, channel reach and
transfer point characteristics, and furnish the configuration
information required by SSARR.



2.4. System Qutline

This section is presented for the purpose of identifying the
relationships between the various parts of the system. The textual
material is also illustrated in Figure 2.3.

Processing starts with the CONTROL program. This program uses the
system input to determine what functions are to be performed:

a) if SSARR processing is required, a SSARR control data set is
created using the system input, 2 card image data set, and internal
control information;

b) if HISARS processing is required, a HISARS control data set and
an index data set are created using the system input and internal
control information;

c) for SSARR processing, the permanent characteristic file is
copied to a temporary data set. This is necessary because SSARR
modifies the characteristic file during processing, and such
modifications cannot be permitted to the permanent file.

Processing may then continue with SSARR, HISARS or both, or it may
terminate immediately. Both SSARR and HISARS are large programs, and it
was decided not to treat them as sub-procedures within CONTROL. They
are instead treated as separate steps within a job. Processing control
is established by setting the return code (RC) within CONTROL. The
value of the return code is then used as a condition for executing or
bypassing later steps.

If the return code is either O or 1, the SSARR step is executed.
SSARR. receives as input the control data set (passed from CONTROL), the
temporary characteristic file, rainfall data if required for basin
simulation, observed streamflow data (used only for the test option),
and the permanent simulated streamflow data set. The simulated output
is normally created as a temporary data set, but it may optionally be
stored for further processing.

If the return code is either O or 2, the HISARS step is executed.
HISARS receives as input the control data set and streamflow index file
(passed from CONTROL). If the return code is O, the data set used for
streamflow data input is the simulated output data set (passed from
SSARR). If the return code is 2, the permanent simulated streamflow
data set is used instead.

The problems of maintaining control between job steps, and of
identification of temporary data sets passed between steps, are signifi-
cant. Features of the job control language are used to maintain this
control. The required job control language statements are prepared in
the form of a procedure, and stored in a procedure library.

10
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2.5. Sub-basin Organization

In NCSSARR, a river basin is divided into a number of relatively
homogeneous sub-basins. These sub-basins necessarily vary considerably
in sige, typically from a few square miles to several hundred square
miles. While there would be advantages to simulation accuracy in using
small sub-basins, this must be balanced with increased computer costs.

There are two basic types of sub-basins: a) watersheds of tributary
streams which reach a major stream at the outlet; b) local areas which
contribute more or less directly %o a major stream.

Locations within tributary sub-basins are defined by the watershed
area upstream of the point. For locations along the main tributary this
may be a unique identification. For smaller areas, there may be a

number of locations having the same watershed area. Since the sub-basin

is assumed to be homogeneous, resultant streamflows could be assumed to
be similar for all such locations. Where a particular watershed is
known to have characteristics far different from the whole sub-basin,
special action may be taken:

Locations in local areas are also defined by the watershed area.
When a small area is required, the situation is analogous to the
tributary area. DPoints along the main stream itself are also within the
local areas, but their watershed areas are much larger than the area of
the containing sub-basin and they are defined uniquely.

There are additional points at boundaries of sub-basins and connec-
tions with tributaries which it is convenient to locate specifically.
These points are referred to as summing points. No watershed area need
be specified for these locations.

Any point can be located by its containing sub-basin and watershed
area, and this is the location identification system used by NCSSARR.
It does define points uniquely along major streams as well as on
downstream. reaches of tributaries. The distinction between other points
is often unimportant, and can be handled as a special case when
required. Several examples of special cases are given in the test
results.

The designation system for sub-basins is relatively free. Methods
for laying out sub-basins and naming them are described in the first
report. NCSSARR does however require rigidity in its cperations, and an
internal numbering system is also used. For most activities the user
will not need to use the intermnal numbers, but they are required for
file creation and some applications.

12



2.6. Basin Simulation

Simulation of streamflow in a river basin will usually proceed in a
series of steps. For basins of any size, these will usually be organ-
ized as separate jobs.

1) Simulation is initiated by a job which creates the SSARR
characteristic file and simulates streamflow from one sub-basin. The
job input must contain all tabular (CT) relations required by SSARR, the
station location (CP) cards used to identify the HISARS identification
codes, and the sets of station characteristic (CB) cards that provide
the sub-basin parameters.

2) The sub-basin simulation is then extended to the remainder of
the sub-basins. It has been found convenient to use groups of 8-12
sub-basins in a job, although this should depend on the actual computer
time required. The sub-basins must be ordered in increasing numeric
order (using the internal codes).

3) Simulation of the river basin model then proceeds with the
summing points, reaches and reservoirs. This requires for each point
the associated characteristic cards, CC cards for summing points, CR
cards to provide routing parameters for reaches, and CL cards to provide
storage and routing parameters for reservoirs. Configuration (P) cards
are also required to define the organization of flow in the basin. This
simulation must also proceed in strictly increasing numeric sequence.

In addition, because it will usually be necessary to break it up into a
series of jobs, breaks must be carefully selected so that all inputs to
every station are contained within or preceding the job.

4) As a final job step, the basin characteristic file must be
deleted. The reason for this is that SSARR will simulate streamflow in
a sub-basin if it can find the associated CB cards. NCSSARR generates
CB cards if required for sub-basin simulation, and otherwise uses the
stored data for the watershed.

Examples of basin simulation are given in the appendices.

2.7. Stored Files

It was recognized that for most practical uses, many of the sub-
basin flows could be used repeatedly without having to be simulated each
time. It was decided, therefore, to store streamflows at outlets of
sub-basins and summing points, and to use these whenever possible. Use
of stored files necessarily limits some of the flexibility possible with
SSARR (although NCSSARR permits full use of SSARR features). Data time
periods must be fixed, and the simulation must be done for a common
period of record.

13



The form in which observed streamflow is most widely available and
used is daily average streamflow, so it was decided to limit stored
files to this form.

It was also decided to limit the period of record to 25 years.
This is necessarily a compromise between size of storage requirement and
hydrologic utility. Because the most rainfall records were available
starting in late 1948, records were simulated for the period 1949-1973,
Extension of the period of record is possible as more rainfall records
become available.

14




PARAMETER FITTING

A number of parameters or relations used by the SSARR watershed
model must be fitted for individual basins. This implies that criteria
are available by which goodness of fit can be judged. In this chapter,
the fitting criteria and parameters are described, and the effects of
modifying paramefers on the criteria are discussed.

The goal of the fitting process was to obtain a general purpose
simulation. The mean flow should always be matched. Low flow values
should be in reasonable agreement. High flow values are assumed of less

“importance, but the maximum daily flow should agree. Other patterns
that should agree are the monthly flow distribution and the flow
duration curve. Trying to fit all these relations necessarily entails
compromise, and results for more specific purposes could be expected to
be more satisfactory.

Z.t. Fitting Criteria

Certain statistics of the monthly totals were obtained. The
following were used in a comparative study by the World Meteorological
Organization (1975):

Coefficient of variation of the residual errors

EX(S_O)ZWLQ

“

n
Y s —_—

0

Ratio of relative error to the mean

R = Z(S—O) ,

n0O

Ratio of absolute error to the mean

A = 218-0]

n0

’

where S is the simulated monthly flow,

is the observed monthly flow,

is the average observed monthly flow, and
is the number of months.
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The correlation coefficient was also calculated:
o o _2(8)(0)
[(z52)(z02)]v2
Since it is reasonable to argue that a high correlation coefficient
ebout 2 line of best fit does not tell much about the utility of the

model unless the line passes through the origin and has a slope of 1
(observed = simulated), a second correlation coefficient was used:

_ 2(5_0)2 .11/2
$(0-0)2

c =01

This is the correlation coefficient for the line S=0. It can never be
greater than C', and may be considerably less if the simulation is badly
biased. In fact, if there is a2 negative correlation, the term in the
numerator will be greater than the term in the denominator and the
result will be undefined. Several examples of this will be found in the
results.

HISARS produces an output plot of cumulative frequency of occurr-
ence of daily streamflow, analogous to 2 flow duration curve. The
following statistic was used to measure the difference between flow
duration curves for simulated and observed data:

D = max |[Fg-F | ,

where FS is the cumulative frequency of simulated daily flows, and

Fo is the cumulative frequency of observed daily flows.
This statistic is analogous to the Kolmogorov-Smirnov test statistie,
but it cannot be used for testing because the daily flow values are
highly correlated.

These 6 statistics are identified as standard statistics, and have
been evaluated for each of the watersheds tested.

In addition to the above statistics, statistics of the monthly dis-
tribution of flow, and flow extremes, were calculated:

a) The percentage of annual flow occurring during each month was
obtained. = The values for the observed data are tabulated, and the
deviations from these values for the simulated data are tabulated;

b) The logarithms of the highest and lowest flows for each year for
periods of 1, 7, 30, 60 and 90 days were obtained, and the mean of the
logarithms converted back to a flow value is tabulated. This corres-
ponds to a recurrence interval of approximately 2 years. A 10 year
recurrence interval is commonly used, but many of the data sets used
were too short to obtain reliable estimates of this statistic.

16



3.2. Model Parameters

A number of parameters are required for each sub-basin. These can
be divided conveniently between fixed characteristics, parameters that
must be estimated, and parameters that are assumed to be constant.

Values of the following fixed characteristics are required:

a) Drainage area, square miles;
b) Climatological stations used to obtain precipitation data.

Tables or values of the following parameters must be estimated:

a) Soil moisture index (SMI) vs runoff percent (ROP) table;

b) Baseflow infiltration index (BII) vs percent of runoff to
baseflow (BFP) table;

c) Evapotranspiration index (ETI) table;

d) Weights for each climatological station;

e) Base flow time of storage, hours;

f) Subsurface time of storage, hours;

g) Surface time of storage, hours;

Tables or values of the following parameters are assumed to be
constant:

a) Base flow infiltration index time of storage (TSBII), hours ~
taken as 100 hours;

b) Precipitation vs evapotranspiration effectiveness coefficient
(KE) table - Table 8400;

¢) Maximum baseflow infiltration index (BII), inches per day -
taken as one inch per day;

d) Surface-subsurface total vs surface component (S-SS) table -
Table 8089.

h) Number of base flow routing phases - taken as one;

i) Number of subsurface routing phases - taken as two;

j) Number of surface routing phases - taken as two in the Coastal
Plain, four in the Piedmont and mountains.

Certain SSARR parameters have been ignored. In addition to all the
snowmelt parameters, the following are not used:

a) Base flow infiltration index time of storage for falling
discharge (same value as for rising discharge);

b) Outflow vs surface time of storage table (constant surface time
of storage used).

17



The tables for the evapotranspiration index (ETI) are values of ETI
for each month. If the assumption is made that the value of ETI depends
only on evapotranspiration (and not on deep seepage), it would be ex-
pected that one table should apply for several sub-basins in the same
general region. Therefore, several tables were prepared, one group of
tables each for the mountains, Piedmont and Coastal Plain, and tables
. within each group with decreasing values moving from south to north.
These values reflected to a small extent preliminary tests of the model,
but were more generally obtained from estimates of potential evapo-
transpiration obtained from other sources.

Tables of the soil moisture index (SMI) vs runoff percent (ROP) and
of the baseflow infiltration index (BII) vs percent of runoff to
baseflow (BFP) were more troublesome. These values should be expected
to vary from sub-basin to sub-basin, presumably in a consistent manner.
The preliminary approximation used in the first report of using one
table for all Coastal Plain sub-basins, and another for the Piedmont and
mountains was clearly unsatisfactory, and the alternative of having a
separate table for each sub-basin became unwieldy.

It was decided, therefore, to compromise with the SSARR format and
put values of the parameters in a simplified tabular format on the
characteristic cards for the station. Details of the format changes are
given in Appendix K. BEssentially, runoff percent values are tabulated
for soil moisture index values of O, 2 and 7 inches and for rainfall
intensity values of O, 1, and 5 inches per day. The relationship
between baseflow infiltration index and baseflow percentage is assumed
to take a certain shape, with actual values defined at baseflow infil-
tration index values of O and 999 inches. Although these simplifica-
tions necessarily reduce some of the flexibility of SSARR, they were
‘probably required in the face of the number of sub-basins being fitted.

Values of all the parameters for each sub-basin are given in the
Appendices. Complete tables which were repeated for all basins,
including the ETI tables and the KE and S-SS tables, are given only in
Appendix D. In fitting watershed data, it was sometimes necessary to
make local modifications to the parameters. When this was done, the
modified parameters are listed at the end of the test statistics, and
the reasons for making the modifications are discussed in the chapter on
results.

3.3. Effect of Parameter Modification on Fitting Criteria

The average flow is conirolled primarily by three parameters: the
weights used for the climatological stations; the ETI values; and the
relation between soil moisture index and runoff percentage.

18




In a region with homogeneous precipitation, it would be expected
that the measurements at any raingage should be representative of the
sub-basin and the weight used for the station should be 100%. If sev-
eral gages exist in the basin, the average weight for all the gages
should be 100%, even if the individual weights vary with the coverage
assigned to each gage. On the other hand, if precipitation is known to
be non-homogeneous as in mountainous watersheds, weights might be ex-~
pected to vary. If for example the only gage in a watershed is in the
valley, and precipitation in the mountains as known to be higher, the
weight for the gage should be greater than 100% ~ Since there is not any ‘
very good way to decide on the weight in this case, it seems logical to
use the mean flow to adjust the weight. In this study, this is the only
circumstance in which the weight was used to adjust the mean flow.

The evapotranspiration (ETI) values will also affect the mean flow,
since increased evapotranspiration must be at the expense of streamflow.
The relation between the two is not direct, however, particularly during
summer months. It will be recalled that the runoff percentage deter-
mines the amount of runoff, affected only by the so0il moisture index.
The evapotranspiration index can affect runoff only by reducing the soil
moisture index. If during the summer the soil moisture index is already
reduced to zero, increased ETI values during that period will have
little if any effect on runoff. During the late winter and early
spring, the so0il moisture index is so high that modified ETI values will
have little immediate effect, but the effect may be apparent several
months later. Since all these relations are compounded with the runoff
percentage relation, it was decided to base the ETI values on a priori
relations, for example the values of potential evapotranspiration given
by van Bavel and Verlinden (1956).

The mean flow values were therefore controlled primarily by the
relation between the so0il moisture index and the runoff percent. It
should be noted that this is actually a three-way tabular relation, in
which the rainfall intensity also has an effect on the runoff percent.
However, since in this study only daily values of precipitation and
runoff are evaluated, the rainfall intensity effect on runoff percentage
is seen only in a gross way, and the results cannot be extrapolated to
short-period rainfall events.

Unfortunately, the relation between the runoff percentage values
and the mean flow is not direct. While a reduction in runoff percentage
reduces flow immediately, it also increases the soil moisture index
which will cause increased runoff during succeeding events. The in~
creased values of the soil moisture index eventually result in increased
BETT losses, but it may be a whole season before previous conditions are
restored. Decreasing the runoff percentage during the winter (by reduc-
ing the ROP values associated with high SMI values) will generally
result in higher flows during spring and summer months, even though the
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final total may be reduced.

It may also be noted in this connection that, although the soil
moisture index would be considered tc be the independent variable in the
relation, it is affected by the values of the runoff percentage. If the
values of the runoff percentage associated with high soil moisture index
values are relatively low, the soil moisture index value will continue
to increase to large values of 10 inches or more, and it may take most
of the summer before this is depleted by evapotranspiration. On the
other hand, if the values of the runoff percentage are very high, as in
some steep mountain watersheds with values of 80% for a soil moisture
index of only two inches, the maximum value of the soil moisture index
may never exceed two inches, an amount that will be depleted in the
spring.

The monthly distribution of flow is controlled primarily by the
runoff percentage relation, but it is affected also by the base flow
percentage relation and base flow time of storage. As indicated above,
the magnitude of the runoff percentage controls the mean flow, but
varying the values as they relate to the soil moisture index will modify
the monthly distribution. Increasing percentages for a low soil mois-
ture index will increase summer runoff. Increasing percentages for a
high soil moisture index will increase winter runoff and decrease spring
runoff, while decreasing percentages for the high soil moisture index
will decrease winter runoff and increase spring and summer runoff.
Increasing the base flow percentage will reduce flow immediately follow-
ing a precipitation event and stretch it out over an extended period of
time.. Most of this effect is to reduce winter runoff and increase
spring and summer runoff. The magnitude of the effect in the spring,
and the extent to which it is carried into the summer is controlled by
the base flow time of storage.

Low flow values are controlled by the baseflow percentage and the
base flow time of storage. Since short low flow events occur primarily
in the fall, after any carryover from the winter is probably gone, they
are controlled primarily by the baseflow percentage. Long low flow -
events are affected by carryover from the winter as well as summer
events, so they are affected by baseflow percentage, base flow time of
storage and runoff percentage. In general, the fit of the 90 day mean
low flow will correspond with the fit of the monthly distribution during
the summer and fall, and the fit of the 90 day mean high flow will
correspond with the fit of the monthly distribution during the winter.

After working to a considerable extent with the low flow statis-
tics, it was noted that even though these statistics were being matched
favorably, the flow duration curve (measured by the statistic D) was
totally unsatisfactory. Further analysis showed that there was a
problem with the way in which the base flow time of storage was being
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used. In the first report, values of this parameter were taken as 2000
hours in the Piedmont and mountains, and 3000 hours in the Coastal
Plain. Detailed studies under this project indicated that the value of
2000 hours was about right for mountain watersheds, so it was decided to
increase it to 2500 hours for the Piedmont and to 3000 hours for the
Coastal Plain, the logic being that as gradients decrease, the length of
time for flow to reach the outlet must increase.

Comparison of the flow duration curves for several watersheds in
the Coastal Plain showed that the data indicated much higher probabili-~
ties of very small values than were being simulated, even though the
probability of the smallest values, corresponding to the flow extremes,
was being matched. These results indicated that the base flow in these
watersheds was extremely low, much lower than any reasonable estimates
of the baseflow percentage would imply. The conclusion drawn from this
is that in the Coastal Plain a very small area immediately adjacent to
the stream contributes essentially all the base flow, flow from dist-
ances more than perhaps 100 meters from the channel being too slow to
have any effect on the streamflow. Since most of the flow from this
small area will be relatively rapid, base flow storage times on the
order of 200-500 hours may be appropriate. Storage times on the order
of T700-1500 hours were used for Piedmont watersheds. Local conditions,
channelization and extensive drainage projects, could be expected to
have a significant effect on these values, and examples are discussed in
the results.

High flows for short time periods are controlled by the surface and
subsurface time of storage, as well as the surface-subsurface component
relation. Since all the data being processed were daily values, it was
found impossible to separate these factors. In the first report, some
generalized relations were used to relate the drainage area to the times
of storage. In this study, it was noted that the effect of drainage
area in local areas along major streams should be much less, so the
drainage area of the longest equivalent tributary was used instead.
Also, the specific relation was modified by fitting the one day mean
high flow whenever possible and generalizing the result to the surround-
ing area. Since the 90 day mean high flow was being fitted as a result
of the fit of the monthly distribution during the winter, the range of
durations for the mean high flows were fairly well covered.

To summarize, parameter estimates are obtained as follows:

a) Soil moisture index (SMI) vs runoff percent (ROP) table - The
general level of this table is obtained from the mean flow. The
relative magnitude of values of runoff percent is higher at high SMI
values than at low values, the relative difference being obtained from
the monthly flow distribution. The effect of rainfall intensity is
obtained from flood values, and from months with very heavy rainfall.
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b) Baseflow infiltration index (BII) vs percent of runoff to
baseflow (BFP) table - The value of BFP at low BII values is obtained
from 1 and 7 day mean low flow statistics, although there is an inter~
action with base flow time of storage. The value of BFP at a high BII
value is obtained from the one day mean high flow statistic (since a
high value reduces flows during peak periods).

c) Bvapotranspiration index (ETI) table - Values are obtained for
potential evapotranspiration from other sources.

d) Weights for each climatological station - When stations can be
assumed to be representative of the sub-basin, the weights should ave-
rage 100%, individual weights being selected to reflect the relative
importance of the respective gage. If the weights are not expected to
be representative, they may be obtained from the mean flow.

e) Base flow time of storage, hours - The value may be obtained
from the flow duration curve and the 1 and 7 day mean low flow
statistics. There are interactions with the baseflow percentage values.

f) Subsurface time of storage, hours - The value may be obtained
from the one day mean high flow. It should be larger than the surface
time of storage.

g) Surface time of storage, hours - The value may be obtained from
the one day mean high flow, as with the subsurface time of storage.
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RESULTS

The simulation model was fitted to records from every streamgage in
the basins under study, for whatever period of record was available dur-
ing the study period 1949-1973. It was assumed that at least 5 years of
record should be available, but since a few gages with shorter records
represented areas for which data were not otherwise available, they were
also included.

When a streamgage was located inside or at the end of a sub-basin,
sub-basin parameters could be fitted directly to the observed record.
However, when a gage was for a location on a main stream, parameters in
several sub-basins had to be adjusted while fitting the observed record.

4.1. Introduction

Detailed results are given in the Appendices by river basin. For
each basin there are three tables given:

1) a table of the fitting statistics D, R, A, ¥, C and C' described
in Chapter 4;

2) a table of the percentage of annual flow observed for each
month, and the deviation of the simulated from the observed value;

3) a table of the mean maximum and minimum flows for durations of
1,7,30,60 and 90 days.

A1l of these results were used in the fitting process, so that none
are available for independent testing of the procedure. The purpose of
the project, however, was to develop a set of usable data, and the best
set of data could be obtained by fitting to the most possible observa-
tions. Different results were fitted to a greater or less extent,
depending on what seemed to be the relative importance of the specific
measure. Of the standard statistics, only three were used in the
fitting process - R, C and D. Because total flow should be required to
match reasonably, the magnitude of R values was kept less than 0.05, and
as close to O as practical. D values were kept small and C values large
subject to reasonable fits in the monthly distribution and low flow
values, but a number of trials with larger values of C were discarded
because of poor low flow fitting.

In using all flow measurements for fitting, one is exposed to the
problem of artificial modification of natural flow by regulation, diver-
sion and return flow. It was originally intended to simulate the opera-
tion of reservoirs, diversions and return flows, but some preliminary
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study showed that in many cases no rational equivalent of a release rule
could be obtained short of using the actual releases, which are not
always available. Therefore, all the simulated results assume natural
conditions.

All of the test locations at which there was significant artificial
control are subject to this problem. In cases of total regulation, for
example, the only usable statistic is R, the relative error in mean
flow. A number of locations on the other hand are subject to a level of
regulation that affects only low flow, and other statistics are probably
not affected to any significant extent.

Information on these effects is based on Remarks for the given
stations as published in the Water Supply Papers of the U. S. Geological
Survey. Since quantities of diversions and return flows necessarily
vary through time, the amounts listed should be used only as a guide to
the relative magnitude of the effect. The following abbreviations are
used in the tables:

IR - low flow regulation only;

RG - regulation to some extent by a reservoir;

MR - total control of flow by a reservoir (major regulation);

DV - diversion of flow above the station:

RT return flow above the station.

A detailed discussion for each river basin is followed by some
general conclusions.

4.2. Tar River Basin

The headwaters of the Tar River are in the Piedmont, with maximum
elevations near 600 feet. The topography is relatively flat except near
the main stream channels. Within a distance of about 30 miles the river
enters the Coastal Plain, and the majority of the basin is flat. Most
of the area is cultivated but a number of the smaller streams drain
swamps.. The river enters the Pamlico Sound near Washington.

The effect of the change in topography is reflected primarily in
the runoff percentage values for the winter (high SMI). In the Piedmont
these values range between 40-60%, but in the Coastal Plain they are all
100%. Baseflow percentage figures show no consistent pattern, and the
base flow time of storage shows surprisingly little variation. This may
be because of the flat topography even in the Piedmont part of the
basin.

The watershed of most interest in the Tar River basin is Conetoe

Creek, which has been extensively channelized. The observed data show
an average flow much higher than for nearby watersheds, and somewhat
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higher low flow. Simulation of this watershed required much longer time
of storage values and lower runoff percentage values than for nearby
watersheds. Because this was the only gaged channelized watershed, the
parameter modifications were used for other sub-basins known to have a
significant amount of channelization in the Coastal Plain.

Modelling was more successful in the Piedmont watersheds than in
the Coszstal Plain watersheds. Although this reflects the general pat-
tern, the relative success of modelling may be more closely related to
raingage location than to topography. All of the gages that were
modelled reasonably well had gages within the watershed or nearby.
Sapony Creek, for example, a Coastal Plain watershed, has a gage imme-
diately adjacent. On the other hand, most of the Little Fishing Creek
watershed is more than 20 miles from any rasingage. In spite of this,
simulation of the Tar River at Tarboro was acceptable.

4.%. Neuse River Basin

The headwaters of the Neuse River are also in the Piedmont, with
maximum elevations near 800 feet. The area is gently rolling with
steeper slopes near the stream channels. After about 40 miles, the
river enters the Coastal Plain, and most of the basin is flat. Areas
away from the streams are cultivated, but large swampy areas remain
around most of the smaller streams. The river enters Pamlico Sound near
New Bern. '

Model parameters show little consistent variation anywhere in the
basin. Winter runoff percentages are slightly lower in the Piedmont
than they are in the lower Coastal Plain, but base flow percentages show
no consistent pattern, and base flow time of storage shows no variation.

There are two small watershed gages in the basin, Dial Creek and
Turner Swamp. Dial Creek shows somewhat less summer runoff than its
sub~basin, Flat River. Turner Swamp shows less winter runoff than its
sub~basin, Black Creek, and the baseflow pattern is sharply different,
with a higher baseflow percentage and a shorter time of storage. -

The Eno and Little Rivers do not have good raingage coverage by
comparison to the Flat River, and this may be reflected in the statis-
tics. All of the gages on the Neuse River itself were fitted satisfac-
torily, as was the Little River in Johnston County. Contentnea Creek
was not fitted as well, either due to being primarily in the Coastal -
Plain or due to limited raingages. Several of the Coastal Plain water-
sheds were not modelled very well, and the worst examples, Nahunta Swamp
and Little Contentnea Creek were only about 10 miles from raingages.
Dial Creek has a long record, but for a small watershed the nearest
raingage is perhaps too far away, and this is reflected in the
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relatively poor statistics. Turner Swamp has a much shorter record and
is much farther from a raingage used for this study. The U. S.
Geological Survey has rainfall data that was unavailable for this study,
- and it would be interesting to see how much better the model would work
with their data. As it now stands, the fit is unsatisfactory.

4.4. Cape Fear River Basin

The Cape Fear River is formed by the confluence of the Haw and Deep
Rivers. The entire basin above the confluence is in the Piedmont, with
a maximum elevation of about 1000 feet, gently rolling topography, and
steepest slopes near the streams.  Most of the rest of the basin is in
the Coastal Plain, with the exception 6f several smaller streams that
drain the sandhills in the area between Sanford and Pinehurst. Two
major tributaries, the Black River and the Northeast Cape Fear River,
lie totally in the Coastal Plain. Most of the area is cultivated,
except for swamps along the major streams and tributaries. The river
expands into an estuary near Wilmington, and then flows into the
Atlantic Ocean near Cape Fear.

The amount of variation in model parameters reflects the variety of
topography and soils in the basin. Winter runoff percentages are as low
as 307 in some Piedmont watersheds, and as high as 100% in watersheds in
the lower Coastal Plain. Summer runoff percentages are less consistent
except in the sandhills, where they are significantly higher. Baseflow
percentages vary greatly, being as high as 60% in the sandhills, 40-50%
in the Piedmont, and as low as 1% or less for some lower Coastal Plain
watersheds. Base flow time of storage is generally 1000 hours, but
increases to 1500 hours in upper Piedmont watersheds and decreases to as
little as 300 hours in the lower Coastal Plain.

Urban watersheds in the basin show runoff percentages sharply diff-
erent from surrounding areas. Both Buffalo Creek gages near Greensboro
show sharp reductions in the so0il moisture index. Values of the runoff -
percentage of 60% for an SMI value of 2 inches and 100% for an SMI value
of 7 inches are similar to those found in steep mountain watersheds.
Base flow percentage and time of storage, however, seem unaffected.
Third Fork Creek at Durham is a small urban watershed that shows higher
runoff percentages for summer (low) SMI values as well.

The upper part of the Haw River basin was simulated rather poorly,
considering that there is fairly good raingage coverage and rolling
topography. This may be partly due to urban effects in the Greensboro
area, as reflected by the records for North and South Buffalo Creeks,
and partly due to regulation on Reedy Fork and a number of diversions
and return flows in the area. The only really satisfactory fitted data
is on the Haw River itself and the New Hope River.

26




The Deep River is fitted a little better, although again the
results are a little disappointing. Tributaries are much worse, but
for example the nearest raingage is more than 20 miles from any point in
Bear Creek. Tick Creek is a relatively small watershed, but it is not
far from a raingsge and the fit should have been better.

The gages on the Cape Fear River have been fitted very well, but
results otherwise in the lower basin are not very good. In the sand~
hills, where average flow is somewhat above average for the area, fits
are poor. In the Coastal Plain, poor fits on the smaller watersheds can
be attributed at least partly to insufficient precipitation data.

There are several relatively small watersheds in the Cape Fear
River basin. Reedy Fork and Horsepen Creek are at the upper end of the
basin with a nearby rain gage. Third Fork Creek at Durham is a very
small urban watershed with a nearby rain gage, but the period of record
is very short and the observed record could not be fitted. Tick Creek
is not far from a raingage. Flat Creek, located in the sandhills, is
10 miles from a raingage. Hood Creek, in the Coastal Plain, is also 10
miles from a rain gage.

There are also several urban watersheds. North and South Buffalo
Creeks flow through Greensboro. DMNorth Buffalo Creek has a long record,
but it is badly affected by return flow. South Buffalo had a better
record, but the gage was terminated relatively early. Third Fork Creek
at Durham is a smgll urban watershed, but the record is too short to be
useful.

4.5. Yadkin-Pee Dee River Basin

Watersheds at the upper end of the Yadkin River drain the eastern
slope of the Blue Ridge with generally steep slopes and elevations ex-
ceeding 3500 feet. Most of the part of the basin in North Carolina is
in the upper and middle Piedmont, ranging from ridges like the Brushy
Mountains with elevations up to 2500 feet to gently rolling topography
to areas near the southern border with swampy valleys. The Pee Dee
River is formed by the confluence of the Yadkin and Uwharrie Rivers.

The sandhills region crosses the basin near the state line, with exten-
sive areas along the main stream and tributaries in both North and South
Carolina, and in the headwaters of the Lumber River. Most of the rest
of the basin is in the Coastal Plain, including major tributaries such
as the Lumber and Waccamaw Rivers in North Carolina and the Little Pee
Dee, Lynches and Black Rivers in South Carolina. This area is generally
flat with large swampy areas along the main streams and tributaries.

The river enters Winyah Bay near Georgetown, South Carolina from which
it flows into the Atlantic Ocean. :
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There are a number of major reservoirs on the main stream that had
an effect on the data in this study. W. Kerr Scott Reservoir, located
on the Yadkin River near Wilkesboro, is a flood control reservoir that
was completed in 1962. Between Salisbury and Rockingham on the Yadkin
and Pee Dee Rivers are a series of older hydroelectric dams, including
High Rock, Tuckertown, Narrows, Yadkin Falls, Tillery and Blewett Palls.
These reservoirs are operated generally without much change of storage,
so they have relatively little effect on the streamflow except for low
flow.

‘A Level B planning study was conducted on the Yadkin-Pee Dee River
basin while this project was underway. Because it required simulation
for South Carolina as well as North Carolina, the results of the simu-
lation are reported here for both states.

Model parameters vary considerably across the basin, as might be
expected with the topographic diversity. Winter runoff percentages vary
from 60-70% on the mountain watersheds to 40-50% on the upper Piedmont
watersheds, returning to 60-70% in the lower Piedmont, 80% in the
sandhills and 90% in the lower Coastal Plain. Summer runoff percentages
vary from 2-10% in the mountains to 2% generally in the Piedmont, to 10%
in the sandhills and 0% in the lower Coastal Plain. Baseflow percent-
ages vary from 80-90% in the mountains to between 10% and 60% in the
Piedmont, depending on local topography and soils, 50% in the sandhills,
and 2-20% in the Coastal Plain. Base flow time of storage varies from
2000 hours in the mountains to 200-2000 hours in the Piedmont, 1500
hours in the sandhills and 500-1000 hours in the Coastal Plain.

There are two small gaged watersheds in the basin. Humpy Creek at
Fork showed lower runoff percentages than the Churchland local sub-
basin, a much higher baseflow percentage, and a shorter base flow time

. of storage. Third Creek Subwatershed 7A near Stony Point showed higher

runoff percentages, a lower baseflow percentage and a shorter base flow
time of storage, but this gage is downstream from a reservoir and there
must be some effects of regulation.

Simulation results in this basin are generally more satisfactory
than in nearby basins. This may be partly a result of the extra work
done for the Level B planning study. TFitted results are generally very
good for the mountain watersheds, good in the Piedmont and fair in the
Coastal Plain. Many of the worst results can be related to deficiency
in the raingage network, regulation or diversion, or short records, but
three that are particularly disappointing are Forbush Creek, Juniper
Creek and Catfish Canal.

It may be noted that flows on the main stream and tributaries were

fitted very well. Even at gages like the Pee Dee gage, below several
major reservoirs, the fit was good. TFits were also very good on major
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tributaries in the lower Coastal Plain, where the fits for smaller
watersheds were only fair. One problem was noted, in routing flood
peaks along the main stream. Although the one day mean high flow was
fitted well on watersheds, the values were seriously underestimated on
the main stream, getting worse moving downstream. It was assumed that
parameter adjustment in the river routing model would solve this, but
reducing the time of storage in the reach and increasing the number of
phases did not help significantly. One possible source of this problem
that needs further examination is the fact that the daily precipitation
records used in this study were recorded at different times of the day,
some in the morning, some in the afternoon, and some at midnight. A
simulated flood peak caused by a rainfall event recorded at one time may
be matched successfully to the recorded event, but when peaks occurring
in two adjacent basins resulting from rainfall events recorded at diff-
erent times are combined, the combination must be less than the recorded
value.

4.6. Catawba River Basin

The headwaters of the Catawba River drain the eastern slope of the
Blue Ridge, with elevations exceeding 5000 feet. The remainder of the
basin in North Carolina is in the upper Piedmont, with ridges such as
the South Mountains reaching 2500 feet and generally rolling topography.
The main stream is controlled by a series of reservoirs, including Lakes
James, Rhodhiss, Hickory, Norman, Mountain Island and Wylie.

Model parameters reflect the difference in topography. Winter
runoff percentage values range from 100% on the Blue Ridge to 80% in the
South Mountains, to 30-70% in the Piedmont. Summer runoff percentages
vary by much less. Baseflow percentages vary from 70% in the mountains
and upper Piedmont to 10% in the area southeast of Charlotte. Base flow
time of storage values are about 2000 hours in the mountains, between
1000 and 2000 hours in the upper Piedmont, and as low as 400 hours in
the area southeast of Charlotte.

There are several gages in the Charlotte urban area. TFor these
watersheds, the summer runoff percentages are considerably higher than
in the surrounding area, the winter runoff percentages are not much
different and the baseflow percentages are slightly higher.

The fitted results are not good anywhere in the basin. The poor
fits in the mountains are undoubtedly due to insufficient precipitation
data. However, records on two gages at Morganton and the record for
Lower Creek have raingages nearby, and all three fits are unsatis-
factory. Even the fits on the main stream are not good, but this is
probably due to regulation. Only the fits on the gages in the Charlotte
area are acceptable, the best that were obtained for any urban area.
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4.7. Broad River Basin

The headwaters of the Broad River drain the eastern slope of the
Blue Ridge with some elevations over 4000 feet, although much of the
ridge in this area is less well defined and only slightly over 2000
feet. The rest of the basin in North Carolina is upper Piedmont, with
ridges such as the South Mountains over 2000 feet and rolling topogra-
phy. - Although there are lakes on both the Broad and Green Rivers,
regulation is not significant.

There is relatively little variation in model parameters. Winter
runoff percentages vary from 100% in the steepest watersheds to 50% in
the Piedmont. Summer runoff percentages vary between 0-5%. Baseflow
‘percentages vary from 80% in the mountains to 50% in the Piedmont, and
base flow time of storage varies from 2000 hours in the mountains to
1000-1500 hours in the Piedmont.

Simulation results are not good in the mountains, again probably
due to poor raingage distribution in this area. Fits on the rest of the
watersheds are fair, but are best on the Broad River itself. There is
one small gaged watershed, Sugar Branch, for which the fit is
satisfactory.

4.8. New River Basin

The New River drains the western slope of the Blue Ridge, flowing
north into the Kanawha and Chio Rivers. Although totally in the
mountains, with maximum elevations over 5000 feet, the topograrhy is not
as steep as the other mountain basins. The area is totally outside of
the national forest, and much of it is cleared.

There are only two gaged watersheds in the New River basin in North
Carolina, so there is little information from which to draw model para-
meters. The fits indicate that the winter runoff percentage is slightly
higher for the North Fork than the South fork, that the summer runoff
percentage is considerably lower and that the baseflow percentage is
lower.

The fits of the simulated data are very good, especially consider-
ing the relatively poor raingage coverage, particularly in the North
Fork watershed.




4.9. Watauga River Basin

The Watauga River drains the west slope of the Blue Ridge. Most of
the basin is steep, with elevations reaching 6000 feet, although the
main valleys are flat. Most of the basin is outside of the national
forest, and many of the steep slopes are cleared, in pasture or scrub.

The basin reflects the extreme conditions, with 100% winter runoff
and 0% summer runcff. Only in the lower part of the basin near the
state line is the intermediate runoff percentage reduced. Baseflow
percentage is between 40% and 50% and base flow time of storage is 2000
hours.

The fit on the two Watauga River gages is satisfactory, but the fit
on Elk Creek is disappointing, one of the worst for a mountain gage with
adequate raingages. There are known to be significant variations in the
rainfall in the area, and perhaps this is the source of the problem.

4.10. French Broad River Basin

The French Broad River drains the west side of the Blue Ridge, as
well as a number of mountain ranges between the Blue Ridge and the
Tennessee state line, including part of the Great Smoky Mountain
National Park. The North Carolina portion includes two major
tributaries, the Pigeon and Nolichucky Rivers. The entire basin is
mountainous, with elevations over 6600 feet, and most of the mountains
are in the national forest. The main valley is wide with rolling
topography, and much of the area is cleared.

There have been s number of streamgages in the basin at various
times, and there is a very good precipitation gage network operated by
the Tennessee Valley Authority. A good deal of detailed information
about the variation of model parameters is therefore available. The
winter runoff percentage varies from 100% in the steepest watersheds to
30% in some of the lower watersheds in the main valley as well as the
Pigeon River valley. The summer runoff percentage varies from 5% to 0%
in the same topographic relation. Baseflow percentage varies between
40% and 80% with no evident trend, and base flow time of storage is
between 1500 and 2500 hours.

There are several relatively small gaged watersheds in the basin,
the best record being on Beetree Creek. This is a particularly good
example of the use of a station weight other than 100%, since the rain-
gage is at the lower end of the watershed. It was also necessary to use
a set of parameters used on steep watersheds, since the Beetree Creek
watershed is much steeper than the rest of the sub-basin within which it
is located.
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The fits of the simulated data are generally good, and those on the
main streams are very good. On those watersheds for which the fitted
results are only fair, such as Hominy Creek and Sandymush Creek,
raingages are more widely spaced than elsewhere. Special simulation was
required on a number of the smaller watersheds.

4.1, Hiwassee River Basin

The headwaters of the Hiwassee River are in the mountains of
northern Georgia. It flows through the mountains of extreme western
North Carolina into Tennessee. The mountains are steep and are mostly
in the national forest, while the valleys are wide and mostly cleared.
There are three major storage reservoirs, Chatuge, Hiwassee and Nottely,
that totally control flow in the main stream.

Model parameters show 1ittle variation in the basin. Winter runoff
percentages are between 80% and 100% and summer runoff percentages vary
from 0% to 5%. Baseflow percentages are between 50% and 80%, and base
flow time of storage between 2000 and 2500 hours.

Model fitting is affected by two factors: the part of the basin in
Georgia, and the reservoirs. Because there was little precipitation
data available for Georgia, the headwaters of the Hiwassee and Nottely
were treated as sub-basins much larger than should be used, and the

selected raingages could not be representative of the area. The fits on

these gages were consequently not very good. Also, because of the
reservoir operation, all of the downstream gages were significantly
affected, to the extent that a T value could not be computed. A review
of the monthly distribution of observed flow shows that maximum flows
occur during the months of April-September, which would normally be
months of low flow.

Taking the above into consideration, there are only two watersheds
that couvld be reasonably tested, and both are satisfactory. The Valley
River in particular had the best single simulation in the state, and
shows what can be done when there is good precipitation data (three
representative stations in the watershed).

4,12. Little Tennessee River Basin

The Little Tennessee River drains the mountains of western North
Carolina, including part of the Great Smoky Mountain National Park.
Part of the headwaters is in Georgia. Flevations reach 6600 feet, and
some of the tributaries, particularly the Cullasaja, Nantahals,
Tuckasegee and Oconaluftee Rivers are very steep. Most of the basin is
either in the national forest or park, except for cleared areas in the
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valleys. There is significant regulation of the Tuckasegee River by
Bast Fork and Thorpe Lakes, of the Nantahals ®iver by Nantahala Lake, of
the Cheoah River by Santeetlah Lake, and of the Little Tennessee River
by Fontana Lake.

Model parameters show relatively little variation. Winter runoff
percentages vary between 60% and 100%, while summer runoff percentages
are between 0% and 5% Baseflow percentages are between 50% and 807,
and all the base flow storage times are 2000 hours. There is one small
gaged watershed, Shope Fork, that did not require parameter modification
except for the precipitation gage and weight.

Fits for all gages unaffected by regulation are satisfactory,
although that for Noland Creek is not as good as expected. The fits on
major streams unaffected by regulation are very good. The effect of
regulation is particularly evident on the Nantahala River below
Nantahala Lake, and on the Little Tennessee River below Fontana Lake.

4.13. Savannah River Basin

A very small part of the headwaters of the Savannah River is in
North Caroclina, and consists of the upper end of three tributaries, the
Chatooga, Horsepasture and Téxaway Rivers. The area is generally steep
and forested, with elevations reaching over 4000 feet.

There is only one streamgage record in the basin. The resulting
model parameters show a winter runoff percentage of 100%, a summer
runoff percentage of 0%, baseflow percentage of 507 and base flow time
of storage of 2000 hours.

The fit of the simulated data is satisfactory. Only six years of

data are available for fitting, and the only precipitation gage is on
the ridge at the upper end of the watershed.
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4.14. General Summary

Results vary considerably from basin to basin, but after reviewing
the preceding sections, several conclusions can be drawn.

One of the more troubling problems in simulation on the scale of
this project is the lack of rainfall data in many areas. For many of
the basins in this report, there are no rainfall measurements in or even
near the basin. One must hope that conditions at the nearest gage or
gages are sufficiently similar that they can be used in the basin.

From the point of view of utility of simulation, this is not a serious
problem because any actual set of rainfall measurements at a given gage
is not likely to recur, even under similar conditions. However, when
the dats are being fitted, as in this case, an actual measurement
obtained during a given time period is being used as though it had
caused the given consequence at another location. It is not possible to
determine in the given instance the extent to which the resulting error
in simulation of the event is due to the wrong value of rainfall being
used rather than errors in the model and/or parameters. One can only
hope that when a collection of events is being investigated, rather than
specific events, the random errors will tend to become less important.
This will tend to be true as the period of testing becomes longer.

A general review of the resulis shows that the ¢ values tend to be
highest in the mountains, less in the Piedmont, and lowest in the
Coastal Plain. It is possible that this is a consequence of the model
itself, but it must also be noted that the density of the rain gage
network follows the same pattern. The network c¢f rain gages of the
Tennessee Valley Authority (TVA) not only compensates for the greater
variability of rainfall in the mountains, but provides a better overall
set of measurements to use in simulation. Perhaps the best demonstra-
tion of this effect is shown by comparing the simulation results in the
upper French Broad River basin, within the TVA network, with those
of mountain watersheds in the Catawba and Broad River basins with far
fewer gages. The simulation results are much less satisfactory in the
Catawba and Broad River basins.

Another conclusion drawn from a general review is that if the basin
is sufficiently large, simulation seems to work well, regardless of
other factors. Major basins almost always show values of C over 0.90,
and in areas of the Coastal Plain where the simulation is otherwise not
very successful, C values on the major streams of 0.92-0.94 are common.
One might alsc conclude that any model should yield successful results
for very large basins, but in any case simulated data for large basins
is definitely useful.
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It is interesting to review the effect of large reservoirs on the
simulated results. Since the simulation assumes natural conditions, the
degree of success in simulation should tell something about the extent
to which natural conditions are altered by reservoir operation. At one
extreme, the results in the Yadkin-Pee Dee River basin show rather high
values of C. The ¢ value at High Rock, just below a large reservoir, is
0.89. The values at Rockingham and Pee Dee, below six major reservoirs,
are over 0.90. On the Catawba River, the C value at Rock Hill below
seven major reservoirs is only 0.73. At the other extreme, in the
Hiwassee and Little Tennessee River basins, C values below Chatuge,
Nottely and Fontana Reservoirs cannot even be calculated because there
is an inverse relationship between simulated (natural) and observed
flow. FEven this relation is not strong, since the C' values are less
than 0.06. One might conclude from thig trend that on the Yadkin-Pee
Dee River the reservoirs are essentially operated as run-of-the-river,
with very little change in storage. There is somewhat more storage
variation on the Catawba River. On the other hand, the TVA reservoirs
operate with significant changes in storage, and the natural flow regime
is totally destroyed.

There is a little information regarding local effects, particularly
for small watersheds and for urban areas. Generally for small areas,
less than five square miles, the simulated results did not match the
observed data well. This is at least partly because of the lack of
rainfall data within or even close to the watershed, and partly because
most of the records are short. For example, the period of record tested
for Turner Swamp was less than six years, and the raingages used for the
2.2 square mile watershed were over 10 miles away. Nevertheless, it was
found generally that less runoff was observed from such watersheds than
expected as a proportion of the sub-basin, and parameters had to be
modified accordingly. When parameters were modified for local
conditions, the values used have been tabulated at the end of the tables
of results.

There is somewhat more information on urban areas, although in
several cases the data are affected by diversions or returns. Runoff
from these areas was clearly higher than for adjacent rural areas, and
this could be modeled by increasing the runoff percentage values. The
extent of these differences can be seen by comparing, for example, the
parameters for either Worth or South Buffalo Creek (in the Cape Fear
River basin) with adjacent watersheds. In modelling urban areas within
mixed sub-basins, similar changes should be made. For example, the
gaged watershed of Third Fork Creek at Durham is clearly not represen-
tative of the New Hope Creek sub-basin, and a different parameter set
was used.

35



APPLICATIONS

The NCSSARR system was designed for convenient use. To illustrate
its use, particularly with respect to the results of this study, three
applications and an extension will be described. The first, the Level B
study on the Yadkin-Pee Dee River basin, is an example of the type of
use for which the system was specifically designed. The second is an
example of how the system can be used to obtain general descriptive
information. The third shows the results obtained by using the system
to fit two watersheds outside the study area. The fourth section
introduces an extension to permit more detailed flow simulation.

5.1, The Level B Study on the Yadkin-Pee Dee River Basin

The U. S. Water Resources Council in cooperation with the states of
North Carolina and South Carolina sponsored a Comprehensive Water
Resources Study of the Yadkin-Pee Dee River Basin. This study, more
commonly referred to as a Level B study was undertaken during the period
1979-1981. Of the 10 Task CGroups identified in the Plan of Study, one
(Task Group #3) was charged with determining the water budget.

According to the Plan of Study:

"The main objective of this task group will be to develop
a basinwide water quantity model for use by decision-
makers in analyzing the impact of water resource projects
and programs on basinwide flow values. Since the budget
must be responsive to a variety of goals, conditions and
policies, the use of a mathematical simulation model will
be essential.”

NCSSARR was used as the mathematical simulation model. Because
simulation in the river basin had previously been limited to the North
Carolina portion, precipitation and streamflow data were obtained for
South Carclina in order to extend the simulation to the entire basin.
Considerable extra effort was made to ensure a satisfactory fit of the
streamflow statistics for all the data that were available. As
indicated in Section 4.5, this extra effort paid off in a generally
better simulation than was obtained in adjacent basins.

Once the sub-basin parameters had been fitted, the model was
available for use. The specific task as defined in the Plan of Study
was to "Develop and Analyze Alternative Futures", described as follows:
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"Analyze future situations including the following:
alternate growth projections; various projected municipal
water use needs; altering lake level management schemes;
impacts of proposed reservoirs on local and regional
water resources: changing growth patterns and different
water management schemes.”

Simulation of reservoir operation required two basic sets of input
data: the stage-storage relation and the reservoir operating rules. The
stage~-storage relation was readily available, and could be entered con-
veniently using the standard SSARR format. The reservoir operating
rules were not as convenient, however, and could not reasonably be made
to fit any of the SSARR formats. It was decided therefore to write a
separate subroutine for the operation of each reservoir. The SSARR
format was modified to associate the reservoir with the corresponding
subroutine. As the flow was being routed through the reservoir each
day, the subroutine had available the day of the year, inflow,
elevation and storage, from which great flexibility was available in
simulating operating rules.

Simulation of municipal and other water demand required both the
location and amount of the diversion and return, if any. NCSSARR was
already designed for this purpose, provided that the rate of diversion
was either a constant or related to the flow at the point. Por some
purposes, e. g. irrigation, it would be desirable to modify the rate of
diversion seasonally and perhaps on an annual trend, but this would
require a modification to SSARR that has not been made. Instead, four
groups of simulation runs were made, one for demands at 1980 rates, one.
for demands at year 2000 projections, one for year 2000 projections
combined with irrigation diversions, and a sensitivity analysis to study
the effect of changes in diversions and returns. 1In addition, the
effect of operation of a proposed nuclear power plant was simulated for
year 2000 projections, bhoth without and with irrigation diversions.

Complete simulation of the basin required simulation of twelve
reservoirs (both existing and proposed) and over twenty diversions or
returns. Because of the magnitude of the simulation, the basin was
divided into seven sections, but even with this, simulation would not
have been feasible without use of the stored files for streamflow for
unregulated or unaffected areas.

Most of the results of the simulation were obtained with respect to
the frequency with which flow was less than a minimum value such as the
7-day 10-year low flow or a recommended instream flow. The final
results have been tabulated by the North Carolina Department of Natural
Resources and Community Development, and will be presented in the final
report of the study. The reader who is interested in further details
should contact the Department.



5.2. Total Streamflow

Por a variety of purposes, an estimate of the total flow from a
river basin is of interest. Usually, the nearest gsged point is at some
distance upstream, so that flow from the area downstream from the gage
must be estimated. Further, the pericd of record of observations varies
between gages, so that comparison is often misleading.

The simulations performed in this study provide these results
conveniently. A common 25 year period of record is used, so that the
results are easily compared. It is recognized that the simulated flows
for sub-basins nearest the coast are untested and therefore should be
used with caution, but the continuity of simulation from tested areas
farther inland to the ungaged areas provides as much justification of
the results as by any other method.

There are tabulated below total flows for the simulated basins,
either at the coast or at or near state lines. Since watershed borders
do not follow state lines, the flow figures do not necessarily imply a
certain quantity of flow from one state to another.

1949-1973

River and location Area Average discharge

sq mi cfs acre-feet/yr

Tar River at Washington 3081 3164 2,290,000
Neuse River at Fort Point 4975 5438 3,940,000
Cape Fear River at Wilmington 8759 10030 7,260,000
Waccamaw River nr Olyphic 1018 1061 768,000
Lumber River nr Fair Bluff 1571 1779 1,290,000
Iittle Pee Dee River below Shoe Heel Cr. 418 521 277,000
Pee Dee River at S. C. state line 7170 7875 5,700,000
Catawba River tributaries 130 111 80,400
Sugar Creek nr Fort Mill 211 237 172,000
Catawba River at Lake Wylie 3020 4000 2,900,000
Broad River in North Carolina 1493 2512 1,820,000
Savannah River tributaries 82 317 229,000
Few River in North Carolina 938 1635 1,180,000
Watauga River in North Carolina 200 250 253%, 000
Nolichucky River at Poplar 608 1095 793,000
French Broad River nr Paint Rock 1674 2856 2,070,000
Pigeon River at Waterville 526 1008 730,000
Little Tennessee River at Tapoco 1823 47%0 3,420,000
Hiwassee River in Georgia 151 334 242,000
Nottely River in Georgia 272 527 382,000
Hiwassee River at Apalachia lake 1018 2160 1,560,000




5.3. Simulation of Unfitted Watersheds

The NCSSARR watershed model was tested on two watersheds in
Virginia, Crab Creek and Brush Creek. Since these watersheds are very
small, it was expected that the restriction of using only daily rainfall
data would probably prevent accurate simulation. Instead, it was
decided to see how satisfactory the model might be with a minimum of
fitting.

Although the test watersheds are in Virginis, and extrapolation
cannot be assumed to be satisfactory, it was decided to use the nearest
and most comparable North Carolina watersheds to provide the parameters,
and to fit the mean observed flow by adjusting the weight used for the
climatological station. This seems to be a reasonable procedure, since
estimates of mean flow are widely available. The North Carclina water-
shed used to provide the parameters was the North Fork of the New River.

Results for the two gages are tabulated below. Considering that
only the mean flow was fitted, the results are surprisingly good. The
weights used for the climatological stations were 0.66 for Crab Creek
and 1.00 for Brush Creek. This reflects the unusually low runoff from
the Crab Creek watershed.

Standard Statistics

Drainage Period Record Statistic
Area, of Length,
Sq.mi. Record Months D R A Y c c'
1307 Crab Creek
1.2% 8/57-12/67 125 0.10 ~0.02 0.%7 0.57 0.77 0.77
1308 Brush Creek
1.40 8/57-6/67 119 0.20 =-0.04 0.25% 0.%2 0.8 0.85
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Monthly Distribution

Mean Monthly Percentage of Annual
Flow, and Deviation From Observed, x10
cfsm J F M A M J J A S 0 N D
1307 Crab Creek
obs 0.46 114 121 191 142 g5 50 43 50 36 40 4 75
sim  0.45 -3 427 =20 =21 +14 +2 0
1308 Brush Creek
obs 1.34 94 110 136 108 89 54 54 51 70 M 72 91
sim  1.29 +6 +15 +4 +1 -5 -5 -9 -1 -9 - -2 +17
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Flow Extremes

Mean Mean Low Flow, cfs Mean High Flow, cfs
Flow, Duration, days Duration, days
cfs 1 7 %0 60 a0 1 7 30 60 90

1307 Crab Creek
obs 0.56 0.01 0.14 0.16 0.18 0.19 8.1 %0 1.6 1.2 1.1
sim 0.5% 0.10 0.10 0.1% 0.16 0.18 8.2 2.6 1.4 1.1 1.0
1308 Brush Creek
obs 1.87 0.19 0.56 0.71 0.8 0.9 20 7.0 3,9 3,2 2.9
sim 1.80 0.34 0.35 0.44 0.55 0.60 26 8.3 4.2 %A %.0
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5.4. Hourly Simulation

NCSSARR was deliberately developed using daily precipitation data,
partly because these are the only data generally available, and partly
to reduce the cost of simulation. However, there are necessarily
situations for which the daily simulation is inadequate. As an example,
the Level B study of the Yadkin-Pee Dee River basin included a study of
flood problems in small urban watersheds. The simulation using NCSSARR
provided only daily average peak flows, and the actual peaks could be
expected to be considerably higher.

Another version of the program was therefore developed. This ver-
sion permits processing of hourly precipitation data, thus providing a
simulation for much shorter time intervals. In other respects, it
operates in exactly the same fashion as NCSSARR.

Only a limited amount of experience has been gained with this
version, but one serious difficulty has been found. The values in the
table relating the soil moisture index to the runoff percentage were
obtained using daily precipitation data. Although rainfall intensity is
one of the parameters, the intensity obtained from the daily datas bears
little resemblance to the actusl intensity. How much difference there
is would depend on the storm characteristics, but it is almost certainly
greater in the summer than in the winter. In any case, the values in
the table will have to be modified extensively to obtain the same kind
of fit as was obtained with the daily data.

It may be hoped that as additional experience is gained with this
version, a means may be found by which the tables may be related.
Otherwise, it will only be possible fto use the hourly version at
locations where there is streamflow and hourly precipitation data
available for fitting the tables.
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TAR RIVER BASIN






TAR RIVER BASIN

COMPARTSON OF SIMULATED AND OBSERVED DATA

Standard Statistics

Drainage
Area,
Sq.mi.

Period Record Statistic
of Length,
Record Months D R A Y

e o e s S e (B Wl %4 GO e AN AN M OMA A2 N b T (IS CE6 NN R O G0 G Gk ey G I3 Tar S S 6 ) WD CP NS A0k S e e i Ml Sae Gl e S s e Gt R S T e A 0

02081500
167
02081800
47:8
02982000
02082500

64.8
02022770
02082950

175
0202?000
02083500

2140
02083800

78.1

Tar Rﬂver nr Tar River {Diversion 1%)
1/49-12/73% 300 0.08 -0.00 0.26 0.3%9
Cedar Creek nr Louisbur

10/56-12/73 207 %8 0.00 0.25 0.34
Tar River nr Nashvilie

1/49 12/70 264 0.08 -0.01 0.22 0.30
on¥ Creek nr Washville
EO /70 240 0.15 =0.00 0.30 0.44
Sw1ft Freek at Hll]lardﬁfon (D1vers1on 4%)
8/63-12/7% 125 =0.10 0.06 0. 31 0.42
thtle Flshln% Creek nr White Oak
10/59-12/7% 71 08 -0.01 0.37 0.67
Plshln% Creek nr anleld
1/49-12/7 200 0.10 0.01 0.30 0.46
Tar Rlver at Tarboro
1/49-12/73 300 0.0% ~0.01 0.22 0.31
Conetoe Creek nr Bethel
12/56-12/73 205 -0.05 0.01 0.28 0.45

Monthly Distribution

.92
0.88
0.93
0o
0.84
0.69
0.82
0.93
0.89

~-12

86
-22

54
-18

52
-6

79

+12

90
-10

85
-11

86
-14

76

65

Mean Monthly Percentage of Annual
Flow, ind Deviation From Observed, x10
cfsm J F M A M J J A 3
02081500 Tar River nr Tar River
obs 0.90 114 177 164 118 T4 50 39 56 24
sim 89 +9 0O +14 +12 +6 =14 -9 -1 -2
02081800 Cedar Creek nr Louisburg
obs 04 96 144 124 119 89 73 57 54 36
sim 1.04 -9 -6 +5 -4 +9 -3 0 +1  +13
02082000 Tar River nr Nashville
obs 0.04 117 ?51 161 121 81 56 50 60 38
ginm 0.93 +11 0 +3 -9 -4 -3 +4
02082500 Sapony Creek nr Nashville
obs 0.99 124 170 185 107 56 43 40 64 43
gim - 0.99 +Q  +16 -5 12 -4 =11 -3 +1 +2
02082770 Swift Creek at Hilliardston
obs 0.81 96 159 136 116 79 68 52 49 26
sim 0.86 +17 =16 +11 =14 +i8 +2 -4 -5 +16
020823850 Little Flshln% Creek nr White QOak
obs 0.9% 108 59 10 66 61 42 52 273
sim 0.92 +35 -11 +?2 +1? +13 10 ~11 -8 +10
02083000 Pishing Creek nr Fnfield
obs 0.8 112 150 151 118 82 53 48 61 Z7
sim 0.90 +1% +9 421 +7  +11 -6 -5 ~-Q -1
02083500 Tar River at Tarboro
obs 1.01 115 1856 {64 115 T4 49 47 62 45
sim  1.00 +2 ¥ +7  +i 8 -3 =3 <4 -2
02083800 Conetoe Creek nr Bethel
obs 1.09 111 165 157 97 63 %9 51 a8 45
sim 1.10 +17 +2% +16 +12 -5 -4 19 223 -8

~22

+14
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()5%57)38)

tess)

PrTar
14/ River B Flshlng
ﬂmw@,) 01 Cre
/ 46,
y””f;;x;;vgr

nr Wilton

Tar River
nr Henderson

& Louisburg
Lgcal

Tar River
at Louisburg

Louisburg (E)
ocal

Tar River
below Cedar Creek

Tar River
below Crooked Creek

& Cypress

~“Tar River
nr Spring Hope

Spring Hope
Local :
1409

Tar River
nr Spring Hope

A-5



(&)

T

G

(2159

XPO3
(2183

o Tar River

— 1

{1

| S—

nr Spring Hope

Winstead
] D/ Local Creeck
54229 64.6)

Tar River
nr Easonburg

Roc Mount
[
o7)

Tar River
at Rocky Mount

( P >Swift
Creek
163

%PO2§ ), Swift Creek
163 at Hilliardston

Leggett
[ 3/ Local
103
Heartsease
Loca

Swift Creek
nr Leggett

— Tar River
nr Tarboro

%PO4 Fishing Creek

Tar River
at Tarboro

A-6




Fishing
Creek
21

Fishing Creek

J

XPO4Y
(719.3)

[

nr Centerville
Aventon

45&9.Loc 1

91-1

Little
Pishing
Creek

Fishing Creek
nr Glenview

Fishing Creek
nr Leggett

3%

Pishing Creek
nr Tarboro



XPO5D
(2817.1)

(5697)

Tar River
- at Tarboro

y 01d Sparts
Y Local
44

Tar River
at Old Sparta

Tar River
nr Falkland

Greenville
Local
94.5

Tar River
nr Washington

at mouth

Grindle

Al Creek

8.1

Tranters
Creek
243




STMULATION JOB CONTROL

Initiation of Sub-basin Simulation

//TARINIT JOB NCS.BAE.BAZGY WISER, Tt M=
/ /¥PROCLIB=NCS. BAE. T2025. WTSER. ﬂ%mz

FXEC

\\.
-

//G.SYSIN DD *
JOB 0213

PEM=MSG, REGION=4CK
//AX DD DEN=SIMUTATE. TAR,

UNIT=DISK, VOL=S FP-NBAF"\B DISP=(CLD, DEIETE)
// EXEC INI‘T‘ BASTN="TAR"

13 1 TAR RIVER

(for CT and CP cards, see Appendix D)

PO1A
CBO161301020
CRO261301020
CB0361301020
CBO461301020

PO1B
CBO161301030
CB0261%01070
CBO361301030
CBO461301030

PO1C
CB0161301120
CB0261301120
CBO361301120
033661301120

1D
CBO161301190
CB0261301190
CBO3%613011¢0
CRO461301190
POIE
CB0O161301320
CB0261301320
CBO361301320
CB0O461301320
POF
CB0O161301290
CB0O2613%01290
CRO3%61 301290
CRO461301250
POIG
CBO161301390
CB0261301390
CBO361301390
CBO461301>QO

CBO1613015?O
CBO261301520
“CBO361301520
CBO461301520
PO1J
CBO161301490
CB0261301490
CBO361301490
CBO461301490

168.5 4 402

46,

69.8 4

46.2 4

47.8 4 402

50

%0.2 4

98 4 302

30 4 H2

TAR RIVER
200110000 100
8400 1008089 O 1 5
36507100%7499100

82 FISHING CREFK
5 4 402 200110000 10008400
8400 1008089 12 5 10 20 40
36507100

82
94
101

J‘Y%

30

2 TABBS CREFK
602 300110000 100084C0
8400 ?OOROPQ 2 510 10 20 40
33969100
82 FRANKLINTON LOCAL
102 50110000 10008400
8400 1008089 2 5 10 10 20 40
35123100%6507100

a2 CEDAR CREEK
200110000 10008400
8400 1008089 5 10 20 20 30 50
35123100
g 2 LOUTSBURG LOCAL
150110000 10008400
8400 1008089 1 2 5 20 30 50
33969?0055125100

LOUISBURG (%) LOCAL
50110000 10008400
0 1 5 20 %0 50

0.4 4 102
8400 1008089
EH1273100
82 CYPRESS CRFEK

302 150110000 10008400
8400 1008089 1 2 5 20 30 50
35123100

82 BUNN LOCAL

25110000 10008400
8400 1008082 O 1 5 20 30 50

35123100

DISK=" NBAEDS’ ,CYL="15"

9910288400
60 70 90

9910288400
60 70 90
9910288400
50 60 80

99 10288400
50 60

9910288400
40 50 70

9910178400
60 70 90

16

16

16

16

16

16

9910178400
60 70 0 16

9910178400
60 70 90

9210178400
60 70 90

16

16

999999
25 0

215
40 0

999999
50 0

429
3% 0

999999
3% 0

527.2
30 0



PO1K
CBO161301420
CB0261301420
CB0%361301420
CBO461901420

CBO161?O|600
CRO261301 680
CBO%3561 201 FQO
03046130 630

CBO?6 302220
CB0261302220
CBO361302220
CR0461302220
PC2B
CBO161302120
080261902*20
CBO361302120
CRO461%02120
POZC
CBO161302020
CB0261 302020
CBO361 302020
CRO461302020
PO2D
CBO161302090
CB0261302090
CBO361 302090
CBO461302090
PO2E
CBO161302190
CBO261302190
CB0361 302190
CB0461302190
PO2F
CBO161302490
CB0261302490
CBO361302490
CBO46??O249O
PO2G
CBO161302390
CBO261302390
CBO361 302390
CB046%302390

PC3A
CBO161304520
CBO261304520
CBO361304520
CBO461304520

CBO?61?O4490
CB0261%04490
CBO%61304490
CBO461304490
PO3C
CBO161304590
CB0261 304590
CB0O361304590
CROAG1304550

POZD
(BO1671304620
CBO261%04620
CBO361304620
CBO461304620

82 CROCKFD CRFEFK

0.6 4 302 150110000 10008400
8400 1008089 1 2 5 20 30
35123100
82 SPRING HOPE LOCAL
40 2 802 100T10000 10008400
8400 1008089 O 1 B 20 R0
26044100

g 2 SWIFT CREEK

16% 2 4002 800110000 TOOCSAGO
8400 1008089 5 10 20
225691007351 23100

STONY CREEXK
1120110000 10008400
08088 2 5 10 20 20

AT
AR

S
o

CINS

8(\)03

=
=Ny \IJ’H\'}
'%"‘O

SAPONY CREEK
7 320110000 10008400
ioos0eg 0 1 5 15 20

o
P

‘\Ng(ﬁ
(o)
(@2 TV R

82 WINSTEAD LOCAL
22 252 50110000 10008400
M400k1é808089 0 1 5 20730

A
B
PR

ROCKY MOUNT LOCAL
502 100110000 10008400
3508089 O 1 5 20730

g 2 HEARTSEASE LOCAL
9% 2 {002 200110000 10008400
BA00 1008089 O 1 5 20 30
373951 0037400100

82 TEGGETT LOCAL
10% 2 1002 200110000 10008400
8400 f008089 O 1 5 20 30
3282710037395100

82 TOWH CREEK
162 2 9602 1920110000 10008400
8400 1008089 O 1 5 15 20
3740010039476 00

82 TARBCRO LOCAL
45 2”02 100110000 10008400
8400 1008088 O 1 % 20 %0
28500100

82 OLD SPARTA LOCAL
44 2 502 100110000 10008400
8400 1008083 O 1 5 20 30
28500100

82 CONETOE CREEX
99,1 2 3002 600120000 17008400
8400 o008 O 1 5 510
AE500100

20 20 ¢

50

40 1

50

50

e

50

20

2910178400
60 70 90 16

9910178400
50 60 80 16

9910178400
60 70 90 16

9910178400
00100100 16

9910178400

100100100 16

9910178400 6

100100100

9910178400

100100100 16

09101 78400

100100100 16

9910178400

100100100 16

9910178400

00100100 16

910178400
70°80100 16

999999
0 0
618
30 O
999999
20 O

999999
20 O

999999
3 0

999992
5 0
1275

0

2183
0 0

999999
25 0




POZE
CB0O161304600
CRO261304690
CBO%613%04630
CBO421?O469O

CRO1613040%0

- $BO261304030

CBO%613040%0

CBO461%04030
POAR

CB0O1 61304020

CBO2613204020

CB0361304020

CBO4613040?O

CRO1613OA120
CBO261304120
CB0O361304120
CBO461304120

CB01613041QO
CBO261304190
CBO361304190
CBO46% 504190

POA
CR0161304290
CB0261%04290
CBO%61 304290
CB0461304290

POAT
CB016%1304220
CBO261%304220
CBO%61304220
CB0461304220

POAG
CBO161304320
CBO261204%20
CBO%61304320
CPOéS1BO434O

CBO161304390
CBO261304390
CBO361304390
GBOAgI304390

CB0161305030
CB0261305030
CRO%61305030
CB0461305030
PO5B
CB0161305090
CB0O261305090
CBO361 305090
CBO4g130509O

CBO161305020
CBO261305020
CROZ61 305020
CBO4§1305020

CBO161305190
CB0261305190
CBO%61305190
CBO461305190

9 200110000 10008400
ﬁﬁOF IOOPOPQ 0 1 5 20 30 50
)?6397OOZQKOUICO

82 SHOCCO CREEK
55.9 4 122 60110000 10008400
8400 1008089 1 2 5 15 20 40
33969100

a8 2z FISHING CREEK
121 4 242 120110000 10008400
2400 1008089 1 2 5 15 20 40
33969100

52 LITTLE FISHING CREEK
175 4 362 180110000 10008400
8400 008089 1 2 &5 20 30 %0
32827100%33969100

82 AVENTON T.OCAL
91.1 2 502 100110000 10008400
2400 1008080 O 1 5 15 20 40
3282710036044100

82 ENFIBELD TOCAL
122.% 2 2002 400110000 10008400
B4CO 1008089 O 1 5 15 20 40
32827100

82 REFCH SWAMP
154 2 7702 1540110000 10008400
8400 1008089 O 1 5 15 20 40
32827100

82 TEEP CREEK
93,7 2 4702 940110000 10008400
8400 1008089 O 1 5 15 20 40
37727100

82 LAWRENCE I0CAL
50 2 1002 200110000 10008400
8400 1008080 O 1 5 15 20 40
F772710038500100

82 GRINDLE CREEK
1 2 2502 500110000 10008400
8400 1008089 © 1 5 510 20
33638100

82 GREENVILLE TOCAL
5 2 1002 200110000 10008400
8400 1008089 O 1 5 15 25 40
33638100

8 2 CHICOD CREFK
5 2 2802 560110000 10008400
8400 1008089 O 1 5 15 25 40
3263810073100100

82 WASHINGTON TOCAL
92 252 50110000 10008400
8400 1008085 O 1 5 15 25 40
FAT00T00

8.

94.

56,

20.

9910178400
100100100

9910178400
40 50 70

9910178400
40 50 70

9910178400
80 90100

9910178400
100100100

9910178400
100100100

9910178400
100100100

9910178400
100100100

9910178400
100100100

9910178400
70 80100

Q910178400
100100100

9910178400
100100100

9010178400
100100100

16

16

16

16

16

16

16

16

16

16

16

16

16

2419
30 0
999999

0

40

999999
40 0

999999
25 0

999999
25 0

T719.3
3% 0

999999
30 0

999999
10 O

2817.1
30 0



P06
CBO161305120 8 2 TRANTERS CREEK

CB0261305120 243 212202 2430110000 10008400 9910178400 999999
CBO361305120 8400 1008089 O 1 5 15 25 40 100100100 16 10 O
CB0461305120 3910010039440100

P 61301020

T 00 10149240 00311273

2B00A1301020 O 10149 500 05550

5 5550 0O 10149 0000102030301000

%ND 5550 0 10174 0000102030301000

%
/4RL EXEC RELEASE, PARM=TARBAST,COND=(4,IF)

Continuation of Sub-basin Simulation: Run‘l

//TARBAS1 JOB FCS.BAE.B4%99,WISER,M=1,T=%, TYPRUN=HOLD
//¥PROCLIB=NCS. BAE. T2025. WISER. SSARLIB

// EXEC CONT,BASIN="TAR',DISK='VBAEDB'

//G.SYSIN DD ¥

JOB 0213 14 1 TAR RIVER

P 61301030

P 61301120

P 61301190

P 61301290

P 61301320

P 61301390

P 61301420

P 61201490

P £1301520

P 61301690

T 00 10149240 00311273

2B00613010%0 O 10149 500 05550

2B00617301120 O 10149 500 05550

2B00613201190 O 10149 500 05550

2B0061301290 O 10149 500 05550

2B0061201320 O 10149 500 05550

2B0061301290 0O 10149 500 05550

2B00613201420 O 10149 00 05550

2B0061301490 O 10149 500 05550

2B0061301520 O 10149 500 05550

2B0061301690 O 10149 500 05550
5550 0O 10149 0000102030301000
5550 O 10174 0000102030301000

JIJ1
e

—
S

RL EXFC RELFASE, PARM=TARBAS2,COND=(4,1E)

-~
~




Run 2

//TARBAS2 JOB NCS.BAF.B4399,WISER,M=1,T=2, TYPRUN=HOLD
//¥PROCLIB=NCS. BAE. 12025 WTQFRuSnARLIﬁ

/) JEXEC_CONT,BASTN="TAR',DISK='NBAEDB'
//G.SYSIN DD *

JOB 021% 14 i TAR RIVER
P 61302020

P 61502090

P 61302120

P 61302190

P 61302220

P 61302790

P 61302490

P 61304020

P 613040%0

T 0D 10749240 00311273

2B0061302020° O 10149 500 05550
2BO061302090 O 10149 500 05550
2B0061302120 O 10149 500 05550
2BO0A1%02190 O 10149 500 05550
2B0061502220 O 10149 500 05550
2BO061202390 0O 10148 500 05550
2B0061302490 O 10149 500 05550
2BO061304020 O 10149 500 05550
2B0061%04030 O 10149 500 05550
5 5550 O 10149 0000102030%01000
5 5550 O 10174 00001020%0%01000
J%

-~

fﬁRL EXEC RELEASE, PARM=TARBAS3, COND=(4,1F)

Run 3
//TARBAS3 JOB NCS.RBAE.B4300 WISER,M=1, T 2, TYPRUN=HOLD

//*¥PROCLIB=NCS. BAE. T2025. WISER, q%APL

/7 EXEC CONm BASIN="TAR®,DISK="NBARTB'
//G.SYSIN TD *

JOB 0213 14 1 TAR RIVER
P 61304120

P 61304190

P 61304220

P 61304290

P 61304320

P 61304390

P 61304490

P 61304520

P 61304590

T 00 10149240 00311273

2B0061304120 O 10149 500 05550
2B0061304190 0O 10149 500 05550
2B0061304220 O 10149 500 05550
2B0061304290 O 10149 500 05550
2B0061304%20 O 10149 500 05550
2B0061204300 O 10149 500 05550
2BO061304490 O 10149 500 05550
2B0061204520 O 10149 500 05550
2B0061304590 O 10149 500 05550
> 5550 0 10149 0000102030301000
END 5550 O 10174 0000102030301000

/
fﬂRL EXEC RELEASE, PARM=TARBAS4,COND=(4,1R)



Run 4

//TARBASA JOB NCS.BAE.B4399,WISER,M=1, T=2, TYPRUN=HOLD
//*PROCLIB=NCS.BAE,IZOZS,WIéERaSSARLIﬁ

// EXEC CONT,BASIN="TAR',DISK='NBAFDB'
//G.SYSIN DD *

JOB 0213 14 1 TAR RIVER
P 61304620

P 61304690

P 61305020

P 61305030

P 61305090

P 61305120

P 61305190

T 00 10149240 00311273

2B00612%04620 O 10149 500 05550
2BO061304690 0O 10149 500 05550
2B0061305020 O 10149 500 05550
2B00613050%30 O 10149 500 05550
2B0061305090 O 10149 500 05550
2B00613%05120 O 10149 500 05550
2B0061305190 O 10149 500 05550
> 5550 0O 10149 0000102030301000
END 5550 0O 10174 00001020%0301000

%
§§RL EXEC RELEASE, PARM=TARSUM1,COND=(4,1R)

Simulation of Summing Points, Reaches and Reservoirs: Run 1

//TARSUM! JOB NCS.BAE.B4399,WISER,M=1,T=2,TYPRUN=HOLD

//*¥PROCLIB=NCS. BAE. 12025.WISER. SSARLIB

/ EXEC CONT,BASIN='TAR',DISK='NBAEDB'

//G.FT23 DD DSN=&TA,UNIT=SYSbA,SPACE=(TRK 32)
DCB= (RECTM=F, BLKSTZE=7284, IRECL=75

DISP=( ,DELETE
//G.SYSIN DD * 84§ ’ "

JOB 0213 1% 1 TAR RIVER
€CO171%01100 TAR RIVER WEAR WILTON
CRO171301180 TAR RIVER

CR0O271301180 10 800

CCO171301200 TAR RIVER NEAR HENDERSON
CRO171301280 TAR RIVER

CRO271301280 20 800

£C0O171301300 TAR RIVER AT LOUISBURG
CRO171301380 TAR RIVER

CRO271301380 1-100 350

CCO171301400 TAR RIVER BELOW CEDAR CREEK
CRO171301480 TAR RIVER

CR0O271301480 1-200 150

CCO1'71301500 TAR RIVER BELOW CROOKED CREEK
CCO171301600 TAR RIVER NEAR SPRING HOPE
CRO171301680 ‘ TAR RIVER

CRO271301680 1-200 150

CC0171201700 TAR RIVER NEAR SPRING HOPE
P . 61301020 71201100

P 61301030 71301100

P 71301100 71301180

P 61301120 71201200

P 71301180 71301200

P 61301190 71301200

P 71301200 71301280

P 71301280 71301300

P 61301290 71301300
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71301300 71301380
61301320 71301400
71301380 71301400
61301390 71301400
71301400 71301480
61301420 71301500
71301480 71301500
61201490 71301500
71201500 71301600
61301520 713501600
71301600 71301680
71301680 71301700
61301690 71301700
00 10149240 00311273

“§5+39'0UrY Uy YY O Y Y
S

4§RL EXEC RELEASE, PARM=TARSUM2, COND=(4,1E)

Runlg

//TARSUM2 JOB NCS.BAE.B4399, WISER,M=1, T=2, TYPRUN=HOLD

//#¥PROCLIB=NCS. BAR. T2025.WTSER. SSARLIE

/ EXEC CONT,BASIN="TAR' DISK='NBAEDB'

//G.FT23 DD DSN=&TA,UNIT=SYSDA,SPACE=(TRK,32), DISP=(, DELETE),
DCB=(RECFM=F, BIKSIZE=7284, IRFC1=7284 )

//G.SYSIN DD *

JOB 0213 13 1 TAR RIVER

CRO171302080 TAR RIVER

CRO271 302080 3300 60

CCO171302100 TAR RIVER NEAR FEASONBURG

CRO171302180 TAR RIVER

CRO271302180 1-300 60

CCO171302200 TAR RIVER AT ROCKY MOUNT

CRO171%02480 TAR RIVER

CRO271 302480 4-300 60

CCO171302200 SWIFT CREEK AT HTLLTIARDSTON

CRO1 71202380 SWIFT CREFK

CRO271302%80 4-300 60

CCO1 71302400 SWIFT CREFK NEAR IEGGETT

CCO171302500 TAR RIVER NEAR TARBORO

71301700 71302080

61302020 71302100

71302080 71302100

61302000 71302100

71302100 71302180

61302120 71302200

71302180 71302200

61302190 71502200

71302200 71302480

61302220 71302300

71302200 71302380

71302380 71302400

61202390 713502400

71302400 71302500

71302480 71302500

61302490 71502500

00 10149240 00%11273

%H*‘U*d‘“d"d“d*d"d"d*d*‘d"d*‘d"d*d*ﬁ"d

NS
~o &

RL EXEC RELEASE, PARM=TARSUMZ,COND=(4,1E)
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Run 3

//TARSUM? JOB NCS.BAE.B4%99,WISER,N=1, T=2, TYPRUN=HOLD
\\*mmoowkuzomow>m.HmommﬂaHmmmomm>wwHw

77 " EXEC  CONT,BASIN="TAR', DISK='NBAEDR'

//G.FT23 DD PSN=4TA, UNTT=SYSDA, SPACE=(TRK, 32) , DISP=( , DELETE),
/] DCB=(RECFM=F, BLKSIZE="7284, IRECL=7284)

//G.SYSIy ID *

JOB 02173 13 1 TAR RIVER

CRO1 71304480 TAR RIVER

CRO271304480 2-300 60

€CO171304100 FISHING CRFEK NEAR CENTERVILLE
CRO171304180 FISHING CREEK
CRO271304180 2-300 60

€C0171304200 FISHING CREEK NEAR GLENVIEW
CRO171304280 FISHING CREEK

CRO274 304280 4-300 60

CCO171304300 PISHING CREEK NEAR LEGGETT
CRO1 71304380 FISHING CREEK

CRO271304380 - 2300 60

CCO171304400 FISHING CREEK NEAR TARBORO
CCO171304500 TAR RIVER AT TARBORO

P 71302500 71304480

P 61%04020 71304100

P 61304030 71304100

P 71304100 71304180

P 61304120 71304200

P 71304180 71304200

P 61304190 71304200

P 71304200 71304280

P 61304220 71304300

P 71304280 71304300

P 61304290 71304300

P 71304300 71304380

P 61304320 71304400

P 71304380 71304400

P 61304390 71304400

P 71304400 71304500

P 71304480 71304500

P 61304490 71304500

7 00 10149240 00311273

B

“ “E_ EXEC RELEASE, PARM=TARSUM4,COND=(4,1F)
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Run 4

//TARSUMA JOB NCS.BAE.BA%09,WISER,W=1,T=1, TYPRUN=HOLD
//*PROOLIB—NFS BAE. T2025. WISER.SSARLIB
FYRC CONT, BASIN="TAR’ ,DISK="'NBARDR'
//G FP2% DD DSN= &mA L UNTT=SYSDA, SPACE=(TRK, 32)
DCB=! RECFM=F, BLKSTZF="7284 , IRRO1="7584
77G.SYSIN DD *

DT%P—( ,DELETE),

JOB 0213 13 1 TAR RIVER
CRO171304580 TAR RIVER

CRO271204580 1-200 60

CCO171304600 TAR RIVER AT OLD SPARTA
CRO171304680 TAR RIVER

CRO271304680 1-300 60

CCO171204700 TAR RIVER NEAR FALKLAND
CRO1 71305080 TAR RIVER

CRO271 305080 3-300 60

CCOT71205100 TAR RIVER NEAR WASHINGTON
CRO171305180 TAR RIVER

CR0O271305180 1-300 60

CCOT71305200 TAR RIVER AT MOUTH

71304500 71304580
61304520 71304600
71504580 71304600
61304590 71304600
71304600 71304680
61304620 71304700
71204680 71304700
61304690 71304700
71304700 71305080
61205020 71305100
61305030 71305100
71305080 71305100
61305090 71305100
71305100 71305180
617305120 74305200
71205180 71705200
61305100 71305200
00 10149240°00%11273

Jrdrdrddd

=i

RL EXEC RELEASE, PARM=TARLAST, COND=(4,LF)

SSwE s rygddd did g drd

~o R

Deletion of Charscteristic File

//TARIAST JOB MCS.BAE.BA4399,WISER,M=1,T=1,TYPRUN=HOLD
//*vROCLTB_NCS BAE. 12025. WISFR. SSARLIB
FXEC PGM=MSG,REGION=40K
//AX DD DSN=CHARACT.TAR,
7/ “UNIT=DISK, VOL=SER=NBAEDB, DISP=(0LD, DRIETE)
//  EXEC PGM=READSCB,RECION=A0K
//%TFPLIB DD DSN=NCS. BAE. 12025.WISER. HISUTL, DISP=SHR
//SYSPRINT DD SYSOUT=A
//DA DD UNIT=DISK,VOL=SER=NBAEDB, DTSP=SHR
//SYSTN DD ¥
§BAFDB STMULATE. TAR

/!
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APPENDIX B

NEUSE RIVER BASIN






NEUSE RIVER BASIN

COMPARTSON OF SIMULATED AND OBSERVED DATA

Standard Statistics

Drainage
Area,
Sq.mi.
02085000
66,5
02085070
141
02085220
81.6
02?88500
02086000

Period Record Statistic
of Length,

Record Months D R A Y
Eno River at Hillsborcuéh

1/49-9/71 273 0.25 -0.0% 0.27 0.39
Eno River nr Durham

9/63-12/73 124 0.1% 0.01 0.34 0.52
Littie River nr Orange Factory

9/61-12/73 148 0.15 0.01 0.34 0.53
Flat River at Bshama

1/49-12/73 300 0.15 0.00 0.25 0.37
Dial Creek nr Bahama

1/49-9/71 273 0.38 0.02 0.33

4.T1
02086500
17
02087000
526
02087500
1140
02088000
80.7
02988470
02088500
229
02089000
2390
02089500
2690
02090380
156
02090500
236
02090625
2.2
02091000
77.6
02091500
729
02091700
93.3
02092000
182
02092500
168

Flat River at dam nr Bahama

1/49-9/59 129 ~-0.18

Neuse River nr Northside (Digeggion 19

1/49-12/73 300 -0.05
Neuse River nr Clayton
1/49-12/73 00 -0.08
Middle Creek nr Clayton
1/49-12/7% 300 0.10
Little River nr Kenly
8/64-12/73 113 0.0%
Little River nr Princeton
1/49-12/73 300 -0.05
Neuse River nr Goldsboro

1/49-12/73 300 -0.05
Neuse River at Kinston
1/49-12/7% 300 0.05

Contentnea Creek nr Lucama
10/64-12/73 111 0.03
Contentnea Creek nr Wilson
1/49-9/54 69 -0.15
Turner Swamp nr Eureka
7/68-12/73 66 0.15
Nahunta Swamp nr Shine
A4/54-12/73 237 -0.08

c48
(Diversion 10%?
0.40

. . )

Contentnea Creek at Hookerton

1/49-12/7% 300 -0.0%

Little Contentnea Creek nr Farmville

10/56-12/73 207 -0.10
Swift Creek nr Vanceboro

2/50-12/73 287 ~0.10
Trent River nr Trenton
1/51-12/7% 276 -0.08

0.26  0.37
~-0.00 0.22 0.31
-0.02 0.29 0.47
0.01 0.23 0.32
-0.02 0.26 0.40
-0.00 0.21 0.29
-0.00 0.21 0.29
-0.01 0.23 = 0.33
(Diversion 2%)
0.11 0.3%2 0.49
-0.04 0.45 0.61
0.03 0.%6 0.56
0.00 0.26 0.37
-0.02 0.3%9 0.61
-0.01 0.32 0.55
0.00 0.35 0.60

-

0.88



Monthly Distribution

Mean Monthly Percentage of Annual
Flow, and Deviation From Observed, x10
cfsm J F M A M J J A S 0 N D

- - — - o Ty P T WD - T e T — -

02085000  Eno River at Hlllsborough

obs 0.84 117 168 171 133 8% 47 473 43 26 37 56

sim 0.81 -6 ~11 -2 -6 +13 +9 +4 -1 +5 0 -12 -4
02085070 Eno River nr Durham

obs 0.8% 91 173 156 112 9% 75 57 39 20 53 48 82

sim 0.86 +13 =31 =% +16 +16 =7 0 -5 +16 14 +6 . -
02085220 Little River nr Orange Factor

obs 0.86 114 175 164 11 69 gB 52 32 18 62 58 77

sim 0.87 +2 -8 +11 +15 +16 -13 =25 -4 +5 13 +8 +6
02085500 Flat River at Bahama

obs 0.90 11% 167 167 126 70 50 42 50 27 49 58 80

sim 0.90 -3 14 -4 +5  +21 0 ~8 -4 +5 -1 +4 +2
02086000 Dial Creek nr Bahama

obs 0.83%3 117 159 178 130 T4 60 58 52 21 26 52 74

sim 0.85 +3 +2 -4 Y4 +13 15 227 -6 +11 +9 +4 +4,
02086500 Flat River at dam nr Bahama

obs 0.80 119 151 181 143 73 51 46 57 28 29 56 66

sim 0.89 ~9 14 -15 -8 +17 -1 0 +%  +10 ° + 0 +11
02087000 Neuse Rlver nr Northside

obs 0.91 115 172 170 126 75 49 45 45 26 44 57 75

sim 0.92 -7 =21 -5 +8  +21 +3 ~1 0 +5 -2 -1 +2
02087500 Neuse River nr Clayton

obs 0.98 113 158 156 116 78 54 55 53 %5 48 57 76

sim 0.98 -7 -1 +6 +10 +19 +2 -7 -3 +1 -5 -4 -2
02088000 Middle Creek nr Clayton

obs 1.17 112 150 149 107 g 48 54 66 49 54 61 79

1.15 -6 -4 +6 +22 -4 +6 -2 ~8 +2 =7 -2

02088470 thtle River nr Kenl

obs 0.91. 108 177 157 10 65 59 54 56 24 75 43 81

sim 0.92 -10 -8 -4 0 +7 +4 -2 -2 +4 0 +6 +4

02088500 Little River nr Princeton
o s 1.09 117 156 162 106 68 45 61 62 43 60 46 T4
1.07 -9 -5 -7 +10 +20 +2 -8 +2 +3 -8 +1 0
02089000 Neuse River nr Goldsboro

obs 1.05 113 150 162 113 72 477 61 60 49 51 50 71

sim 1.05 -8 -6 +1 +8  +23 +5 -8 -2 -5 -3 -3 =2
02089500 Neuse River at Kinston

obs 1.06 110 143 161 114 T4 48 64 61 54 51 50 71

sim 1.06 -6 -1 +4 +7  +21 +5 -10 -4 -6 -3 -5 =14
02090380 Contentnea Creek nr Lucanma

obs 0.96 107 180 158 106 61 56 49 61 17 75 44 86

sim o. 0 -13 ~3 +3 2% -3 <15 -5 +6 +7 +5 -5
02090500 Contentnea Creek nr Wilson

obs 0.78 168 142 205 110 67 58 53 %8 49 14 39 58

0.86 -32 -10 =15 -1 =34 -2 -7 +25 +9 +2 =7 +3

02090625 Turner Swamp nr Eureka .

o s 0.99 102 160 144 150 69 60 61 52 ) 53 47 67

0.95 +7 +18 +34 -8  +41 -9 12 220 -19 25 -4 -

O2091000 Nahunta Swamp nr Shine

obs 1.10 107 140 137 102 58 51 78 70 69 64 52 71

sim 1.14 +7 +12 +24 +8  +11 -8 =17 =10 -1 -12 -13 0
02091500 Contentnea Creek at Hookerton

obs 1.0% 113 140 165 106 65 44 59 T7 64 57 45 65

sim 1.03 +1 +6 +7 +Q  +16 -2 -1 -11 -12 -7 -8 -2
02091700 Little Contentnea Creek nr Farmville

obs 1.28 127 169 147 96 50 50 74 62 42 65 47 71

sim 1.26 +13 =16 +20 +14 +11 -5 =22 +9 +4 -18 -13 +3
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Monthly Distributiocn {cont'd)

Mean Monthly Percentage of Annual
Flow, « and Deviation From Observed, x10
cfsm J F M A M J J A S 0 N D
02092000 Swift Creek nr Vanceboro
o s 1.12 123 140 146 91 52 42 86 75 76 T4 39 65
im 1.12 +18 +22 +26 +7 -2 -9 =22 -5 =21 ~13 -6 +6
02092500 Trent River nr Trenton
obs 1.18 118 135 149 84 51 58 90 86 69 50 42 68
sim 1.18 +8  +22 +17 +13 +8 -1 -19 =25 -16 +3 -9 -2

FPlow Extremes

Mean Mean Low Flow, cfs Mean High Flow, cfs
Mow, Duration, days Duration, da%s
cfs 1 7 Z0 60 a0 1 7 30 90

02085000  Eno River at Hillsborough (DV <.4 cfs)
obs 5 1.8 2.6 4.7 6.8 8.9 1100 360 170 130 10
sim 54 1.5 1.7 7.7 5.9 8.3 1100 330 160 120 110
02085070  Eno River nr Durham
obs 120 .7 4.7 7.8 13 20 2300 790 250 260 230
sim 120 3.6 4.6 Te2 13 18 2000 630 %20 250 220
02085220 Little River nr Oranée Pactory
obs 70 1.7 2.0 2.5 ~.0 8.5 1600 490 220 170 140
sim 1 1.5 1.7 2.0 4.9 8.1 1700 450 220 170 140
02085500  Flat River at Bahama (LR\
obs 140 3.7 4.6 7.0 18 2400 960 420 320 280
sim 140 4.9 5.4 9.1 15 2% 2000 810 390 210 260
02086000 Dial Creek nr Bahama
obs 3.9 .00 .02 12 . 32 54 1OO 28 13 9. 8.
sim 4.0 .07 .08 1 .28 10 26 12 9. 8.

AN -

18
02086500 Flat River at dam nr Raham? (RG Dy 14 0*53
obs 140 2.5 4.0 6.5 390 1100 440 o}
sim 150 6.2 6.8 12 ?O ZO 210 910 430 3
02087000  Meuse River nr Northside (RG,DV 7 cfs\
obs 480 20 %5 49 66 83 6500 3200 1500 11
sim 480 22 25 42 66 93 ?OO 2500 1300 10 930
02087500  Neuse River nr Clrj+on (RT 2-8 cfs
obs 1100 120 120 190 240 290 8700 6500 3200 25 2100
sim 1100 285 96 140 200 270 6200 4900 2900 2300 2000
02088000 Mlgd%e Cze;k nr Clayton

A
o}
S

1000

S OO0 OO0 ovna
N
Q
@]

obs 94 . 8.5 1% 19 1220 560 270 210 180
sim a3 2.7 2.2 6.3% 11 18 1260 510 260 200 170
02088470° Little River nr Kenly (LR)

obs 170 8.5 9.5 17 30 39 1500 1000 520 390 340
sim 80 7.8 9.1 17 25 %9 1500 910 490 370 320
02088500 Little River nr Prlnceton (LR)

obs 250 12 16 24 38 49 2200 1400 720 560 480

sim 250 12 14 26 41 59 2000 17300 680 540 460
02089000 Neuse River nr Goldsboro

obs 2500 250 280 400 540 660 12000 11000 6900 5500 4700
sim 2500 190 210 320 470 620 12000 10000 6600 5200 4700
02089500 Neuse River at Kinston

obs 2800 370 410 540 690 830 12000 11000 7400 6000 5200
sim 2800 220 250 280 550 720 12000 11000 7400 6000 5200
02090380 Contentnea Creek nr ILucama

obs 150 4.8 6.0 10 17 26 1600 910 470 340 200
sim 150 5.0 5.9 10 16 28 1000 820 440 320 280
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Flow Extremes (cont'd)

Mean

Flow,

cfs
02090500
obs 180
sim 200
02090625
obs .
sim 2.1
02091000
obs 86
sim 88
02091500
obs 750
sim 750
02091700
obs 120
sim 120
02092000
obs 200
sim 200
02092500
obs 200
sim 200

Mean Low Flow, cfs
Duration, days
7 30 6

Special Simulation

02086000

CB0260901120
CB0O360901120

02090625

Mean High Flow, cfs

Duration, days
7 20 60

1 a0 1 a0
Contentnea Creek nr Wilson (LR,DV 3.6 cfs)
2. 3.1 . 12 19 1900 1200 590 430 %60
9.8 (Al 22 30 45 1800 1100 540 420 %60
Turner Swamp nr Eureka
.48 .51 .63 .78 .98 %1 12 5.9 5.0 4.6
.18 21 .35 .45 .51 20 9.1 5.9 5.0 4.6
Nahunta Swamp nr Shine
. « O 14 19 25 1000 500 230 190 160
6.6 T.4 12 17 22 680 490 270 210 180
Contentnea Creek at Hookerton
63 71 100 140 190 4000 3400 2000 1600 1400
52 60 a1 130 180 4300 3300 2100 1700 1400
Little Contentnea Creek nr Farmville
A . 5.1 10 17 130 790 390 290 250
1.9 2.6 6.0 11 20 870 650 %60 280 240
Swift Creek nr Vanceboro
2.7 2.5 . 16 25 2100 1600 720 520 420
3.8 5.0 13 21 33 1600 1200 680 520 450
Trent River nr Trenton
5.0 8 20 32 2100 1400 660 500 420
4.4 5.6 13 26 37 1700 1300 680 540 440
Dial Creek at Bahama
4.7 4 12 5110000 100084 0G10288400 999999
8400 1008083 O 1 5 102040 50608 16 15 O
Turner Swamp nr Eureka
2.2 2 112 221 5000 10008400 9910158400 999999
8400 1008089 2 510 51020 50608 16 70 O

CB0260907120
CBO360907120
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(3 Little
O1R/ River
tio5 Y

e @gm
WG Biver
g Bno kw VEr ) Kﬁ 167¥
256 nr Willardevills
?J@ﬁ% Yy Lake
167 Mlahle

Flat River
st mouth

nr Fairntosh Knap of Reeds
see
49

¥J01 >~ Neuse River
nr Durham

D Northside

cal
JO1H Neuse River
533 nr Northside
[J Creedmoor Beaverdam
| Loc?l Creek
90.5 52.5

euse River
nr Bayleaf

Bayleaf
gcal

%JO1 Neuse River
at Falls

[]‘ Falls

: Local
269

%JOZ Neuse River

at Neuse
Knlghtdale

30&

XJO2H™Y HReuse River ‘
(1029 below Crabtree Creek
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XJO28 ? Neuse River

below Crabtree Creek

-0 Neuse River
nr Garner’

) Neuse River
-(1141) | nr Clayton

D Smithfield

7g§cal

XJ02J ¢ Neuse River
(1213 at Smithfield

, @ Black  XJO2 Neuse River
Q4A~Creek (1495 nr Smithfield
XJO2

Neuse River '
(1592

nr Four Oaks

Neuse River
nr Stevens Mill

XJ02
(1891)

@Thoroughfare
Swamp
(11 '

XJO5
(2010

Little River
nr Kenly

Neuse River 188
nr Stevens :
Mill

Little River
at Goldsboro

Neuse River
nr Goldsboro

Neuse River
(2572 nr Strabane
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XJO5
(2689

.

Southwest

]

XJO5K =~
(2772

XJ08
(4456)
Trent River
nr Trenton

Trent River
at mouth

XJ10A~b
(4975

1JO5
62572§ tg

755950t [J

Neuse River
nr Strabane

Falling

555"

Falling Cresk
Loc 1ng
67.1

“Neuse River

nr Falling Creek

Kinston
Local
2643

Neuse River
nr Kinston

Neuge River :
nr Grifton -Contentnea Creek .

nr Quinerly

XJO7.
(1012)

Netise River
nr Fort Barnwell

" Swift Creek
nr Vanceb¢ra

Neuse River
at Crown Landing

‘Swift Creek
at mouth

above New Bern

Reuse River
at Fort Point
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Moccasin

J

L EET

e

XJO7
(1012)

Stantonsburg
Local
27

Contentnea Creek
nr Lucams

Wilson
) Local
100?

Contentnea Creek
nr Black Creek

Contentnea Creek

nr Lindell e
Lindell
Lgcal Little
40 J \Contentnea
Creek
93'3 ’
Contentnea Creek
nr Snow Hill
Little
XJO7L o Contentnea Creek
(93.3 nr Farmville

Scuffleton
Local
8.7

Hookerton
Local Little
140 Contentnea Creek

at. Scuffleton

1)

Contentnea Creek
nr Scuffleton

Grifton
Lgcal
(51 ]

Contentnea Creek
nr Quinerly
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SIMULATION JOB CONTROL
Initiation of Sub-basin Simulation

//NUSINTT JOB NCS.BAE.B4%09, WISER, T=1,M=1

/ /¥PROCLIB=NCS. BAE. T2025. WISER. SSARLIE

FXEC PGM=MSG, REGTON=A0K

//AX DD DSN=SIMULATE.NEUSE,

/" " UNIT=DISK, VOL=SER=NBAEDB, DISP=(OLD, DELETE)
NBAEDB',CYi="'25"

-
_—

G.SYSIN TD *

/
;; EXEC INIT,BASIN="'NEUSE' , DISK=

JO §01A209 13 1 NEUSE RIVER
CBO160901020 g2 ENO RIVER

CBO260901020 151 4 7302 150110000 10008400 9910288400 999999
CBO360901020 8400 1008089 1 2 5 101530 4050 70 16 200
CBgésgqo1ozo 32515100%3555100

CBO160901030 82 LITTIE RIVER

CBO260901030 105 4 302 150110000 10008400 9910288400 999999
CB03609010%0 8400 “1008089 1 2 5 101530 5060 80 16 207 0
CB94$8901030 37499100

CBO1 60901120 g2 FIAT RIVER

CBO260901120 167 4 352 175115000 10008400 9910288400 999999
CBO360901120 8400 1008089 1 2 5 15 20 40 5060 80 16 15 0
Cng6%901120 3749910037516100

CBO160901390 82 FATRNTOSH LOCAL

CRO260901330 64 52 30110000 10008400 9910288400 256
CRO360901330 8400 10080B9 1 2 5 203050 6070 9O 16 30 0
Cng$g9o139o 32515100

CBO160901290 . 82 WILLARTSVILLE LOCAL

CBO260901 290 74 52 30110000 10008400 9910288400 167
CBO%60901 280 8400 1008080 1 2 5 2030 50 6070 90 16 30 O
CBgé$%9o129o 37499100

CBO160901420 82 KNAP OF REEDS CREEK

CBO260901420 49 4 402 200110000 10008400 9910288400 999999
CBO360901420 8400 1008080 1 2 5 20320 50 6070 90 16 50 O
0338$89014zo 2251 510036507100

CBO160901590 82 NORTHSIDE LOCAL

CBO260301580 48 4 302 150110000 10008400 9910288400 485
CBO360901530 8400 1008080 1 2 5 20 30 50 60 70 9O 16 50 0
CBO46090159O 32515100

CBO160901690 8 2 CREEDMOOR LOCAL

CBO260801690  90.5 4 402 200110000 10008400 9910288400 5373
CBO360901630 8400 1008080 1 2 5 20 %0 50 6070 9O 16 50 " 0
CBO46090169O 32515100

CBO16090162O 82 BEAVERDAM CREEK

CBO260901620 52.5 4 502 250110000 10008400 9910288400 999999
CBO%60301620 8400 1008089 1 2 5 2030 50 6070 90 16 50 0
CBgé?g901620 36507100

CBO160901790 8 2 BAYLEAF LOCAL

CBO260901790 94 4 302 150110000 10008400 9q102884oo 676
CRO%60901790 8400 1008089 1 2 5 202050 6070 %0 16 50 0
CBO460901 790 36091100
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JO1L
CB0160901890
CB0260901890
CBO360901890
CB0460901890

JO2A

CBO160902020
CB0260902020
CB0360902020
CB0460902020
JO2B
CB0160902120
CB0O260902120
CB0360902120
CB0460902120
Jo2C
CB0160902020
CB0260902090
CB0O360902090
CB0460902090
J02D
CB0160902290
CB0260902290
CB0360902290
CB0460902290
JO2E
CB0160902420
CB0260902420
CB0%60902420
CB0460902420
JO2F
CB0160902%290
CB0260902390
CB03609023%90
CB0460902390
JO2G

CB0160902690
CB0260902690
CB0%60902690
CBO46090269O

JO>
CB01 60902430
CB02609024350
CB0360902430
CBO%6290243O

JO4
CB0160902520
CB0260902520
CB0360902520
CB0460902520

JO4AB
CBO16090262O
CB0260902620
CB0360902620
CBO460902620

JOSA
CB0160905020
CB0260905020
CB0360905020
CBO460905020

JOOB
CB0160905290
CB0260905%90
CBO360905390
CB0460905590

82 FALLS LOCAL
20 4 202 100110000 10003400
8400 1008089 1 2 5 20 30 %0
36091100

82 CRABTREE CREEK
146 4 1402 700110000 10008400
8400 1008089 1 2 5 20 30 50
3706910037074100

82 WALNUT CREEK
46 4 402 200110000 10008400
8400 1008089 1 2 5 20 30 50
37074100

8 2 KNIGHTDALE TOCAL
93 4 202 100110000 10008400
8400 1008089 1 2 5 15 25 40
36091100

82 CLAYTON LOCAL
66 4 202 100110000 10008400
8400 1008089 1 2 5 1525 40
3707410037994100

8 2 SWIFT CREEK
158 4 1502 750110000 10008400
8400 1008089 1 2 5 25 35 50
3707410037994100

82 SMITHFIELD LOCAL
72 2 502 100110000 10008400
8400 1008089 O 1 5 15 25 40
37994100

82 STEVENS MILL LOCAL
112 2 1002 200110000 10008400
8400 1008089 O 1 5 1525 40
37994100

8 MIDDLE CREEK
124 4 1202 600110000 10008400
8400 1008089 1 2 5 30 40 60
3707410037994100

82 BILACK CREEK
9'7 2 5002 1000110000 10008400
8400 1008089 O 1 5 20 30 50
37994100

8 WILL CREEK
187 2 9502 1900110000 10008400
8400° 71008089 O 1 5 1015 30
37994100

8 2 THORQUGHFARE SWAMP
119 2 6002 1200110000 10008400
8400 1008089 O 1 5 1015 30
33510100

82 GOLDSBORO LOCAL
61 2 502 100110000 10008400
8400 1008089 0 1 5 1015 30
33510100

9910288400
60 70 0 16

9910288400
60 70 90 16

9010158400
60 70 90 16

9910158400
60 70 0 16

9910158400
60 70 0 16

9010158400
60 70 16

9910158400
60 70 0 16

9910158400
60 70 90 16

9910158400
60 70 90 16

9910158400
60 70 90 16

9910158400
60 70 90 16

9910158400
60 70 90 16

770
0 O
999999

40°°0

999999
40 0

790
40 O

1075
40 0

999999
30 0

141
30 0

1592
20 0O

999999
15 0

999999
15770

999999
15 0

999999
30 O

2010
30 O




JO5C
CBO160905490
CB0260905490
CBO%60905490
CBO460905490

JOSD

5
CB0160905420
CB0260905420
CBO360905420
CB0460905420

JOSE
CBO160905520
CB0260905520
CBO360905520
030420905520

CB0O160905590
CB0260905590
CBO%60905590
CBQ460905590
JOSG
CBO160905690
CB0260905690
CBO360905690
CBO46090569O

CBO16090562O
CB0260905620
CBO360905620
CBO46090562O

JO5J
CBO160905720
CB0260905720
CBO360905720
CBO4§O905720

CBO160905790
CB0260905790
CBO360905790
033320905790

A
CBO160905130
CB0260905130
CBO360905130
CBO460905130

JO6B
CBO160905120
CB0260905120
CBO360905120
CBO46090512O

JO6C
CBO160905290
CB0260905290
CBO360905290
CBO460905290

JOTA
CBO160907020
CBO260907020
CBO360907020
CBO4$%907020

CBO160907030
CB0260907030
CBO360907030
CBO460907030

122.5 2 1002 200110000
63.5 2 3202 640110000
49.9 2 2502 500110000

8400
8 2
67.1 2 502
20.4 2 252
62.6 2 3102 620110000
45.7 2 2302 460110000
67.3 2 1002 200110000
82

132.4 4 1302 650110000

55.6 4
127 2 1502 300110000
81.6 4

4.4 4

82 SEVEN SPRINGS LOCAL
10008400
8400 10 15 30

33510100

82 BEAR CREEK
10008400
1015 30

1008089 0 1 5

8400 1008089 O 1 5
23510100

82 FALLING CREEK
10008400
1008089 0 1 5 1015 30

34684100

FALLING CREEK LOCAL
100110000 10008400
8400 1008089 O 1 5 10 1% 30
34684100

82 KINSTON LOCAL
50110000 10008400
8400 1008089 O 1 5 10 15 30
34684100

82 SOUTHWEST CREEK
10008400
8400 1008089 O 1 5 1015 30

34684100

MOSLEYS CREEK
10008400
8400 1008089 O 1 5 10 15 30
34684100

82 GRAINGERS LOCAL
10008400
9400 10 15 30

3468410

1008089 01 5

LITTLE RIVER
10008400
8400 1008089 2 5 10 20 30 50

36091100%7994100

BUFFALO CREEK
602 300110000 10008400
8400 1008089 2 5 10 20 30 50
36021100%37994100

8 2 PRINCETON LOCAL
10008400
8400 1008089 2 5 10 20 30 50

3351010037994100

82 MOCCASIN CREEK

802 400110000 10008400
8400 1008089 O 1 5 20 30 50
35123100%7994100

82 TURKEY CREEK

802 400110000 10008400
8400 1008089 O 1 5 20 30 50
3604410039476100

9910158400
60 70 90

9910158400
60 70 90

9910158400
60 70 90

9910158400
60 70 0 16

9910158400
60 70 90 16

16
9910158400
60 70 90 16
9910158400
60 70 0 16
9910158400
60 70 90 16
9910158400
60 70 0 16

9910158400
60 70 90 16

9910158400
60 70 1V 16

9910158400
60 70 0 16

9910158400
60 70 0 16

16

16

2386
30 ? 0
999999
30 O
9
999099

30
2572
30 0
2689
30 -0
9
309998 9
30999899
2772
30 0
20999899
20999899
188
20 ©

999999
20 O

999999
20 O



JOTC
CB0160907220
CB0260907220
CB0%60907220
CB0460907220

JO7D
CB0160907190
CBO260907190
CBO360907190
CB0460907190

JOTE

CBO160907120

CBO260907120

CB0360907120

CBO460907120
JOTF

CBO160907290

CB0260907290

CBO360907290

CB0460907290
JOTG

CB0160907390

CB0260907290

CBO360907290

CB0460907390
JOTH

CBO160907320
CBO260907320
CB0360907320
CBO460907320

CBO16090769O

CB0260907690

CBO360907690

CBO460907690
JOTK

CB0160907790

CB0260907790

CBO360907790

CBO460907790
JOTL

CB0160907590
CB0260907590
CBO360907590
CBO46090759O

CBO160907420
CB0260907420
CBO360907420
CB0460907420
JOBA
CB0160908190
CB0260908190
CB03609083190
CB0460908190
JO8B
CBO160908120
CB0260908120
CB0360908120
CBO46090812O

CBO160908490
CBO260908490
CBO360908490
CB0460908490

82 TOTSNOT SWAMP
122 2 6102 1220110000 10008400
8400 1008089 O 1 5 1015 30
39476100

82 WILSON LOCAL
100 2 1002 200110000 10008400
8400 1008089 O 1 5 1015 30
39476100

82 BLACK CREEK
107 2 5402 1080710000 10008400
8400 1008089 2 5 10 10 15 30
3351010039476100

82 STANTONSBURG LOCAL
27 2 252 50110000 10008400
8400 1008089 O 1 5 1015 %0
39476100

82 LINDELL IOCAL
40 2 252 50110000 10008400
8400 1008089 0 1 % 1015 30
39476100

82 NAHUNTA SWAMP
97 2 5002 1000110000 10008400
8400 1008089 2 5 10 10 15 30
33510100

8 2 HOOKERTON LOCAL
140 2 1002 200110000 10008400
00 1008089 O 1 5 1015 30
33510100%4684100

8 2 GRIFTON LOCAL
51 2 502 100110000 10008400
8400 1008089 O 1 5 1015 30
34684100

82 SCUFFLETON LOCAL
78.7 2 1502 300110000 100084C0
8400 1008089 O 1 5 10 15 30
3%638100

82 LITTLE CONTENTNEA CREEK
9910158400
80 90100 16

93.3 2 4702 940110000 10008400
8400 1008089 2 5 10 15 20 40
33638100

8 2 CROWN LANDING LOCAL
62.8 2 502 100110000 10008400
8400 1008089 O 1t 5 10 15 30
34684100

82 CORE CREEK
67.2 2 3402 680110000 10008400
8400 1008089 O 1 5 1015 30
34684100

82 NEW BERN LOCAL
Z1.4 2 1002 200110000 10008400
8400 1008089 O 1 5 1015 30
26103100
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JOgD
CB0160908420
CB0260908420
CBO%60908420
CB0460908420

JOOA
CB0160908220
CB0260908220
CB0360908220
CB0460908220

JO9B
CB0160908230
CB0260908230
CBO360008230
CB8468908230

09
CBO160908390
CB0260908390
CBO360908390
CB3$?890839O

CB0O160908520
CB0260908520
CBO360908520
CBO460008520
J11B
CB0160908690
CB0260908690
CBO360908690
CB0460908690
P 60901020

82 BACHEIOR CREEK
63.6 2 3202 640110000 10008400 9910158400
8400 1008089 O 1 5 1015 30 80 90100 16
36103100
82 SWIFT CREEK
108 2 5402 1080110000 10008400 9910158400
8400 1008089 2 510 51020 80 90100 1
33638100
82 CLAYROOT SWAMP
74 2 3702 740110000 10008400 9910158400
8400 1008089 2 510 510 20 100
39100100
82 STREETS FERRY LOCAL
152 2 1002 200110000 10008400 9910158400
8400 1008089 O 1 5 51020 80 90100 16
36103100%9100100
82 TRENT RIVER
168 2 4202 840110000 10008400 9910158400

8400 1008089 2 510
34684100

82 RHEMS LOCAL
251 2 1502 300110000 10008400 9910158400
8400 1008080 O 1 5 51020 80790100 16
34684100%610%100

51020 70 80100 16

T 00 10149240 00311273

2B00A0901020

5
> 5550

fl

0 10149 500 05550

0 10149 0000102030301000
0 10174 0000102030301000

;;RL EXEC RELEASE, PARM=NUSBAS{,COND=(4,1E)

Continuation of Sub~-basin Simulation: Run 1

//NUSBAS1 JOB NCS.BAR.B4399,WISER,M=1,T=3, TYPRUN=HOLD
//*¥PROCLIB=NCS. BAE. 12025. WISFR Q%ARLIB
EXEC CONT BASIN="NEUSE', DISK='NBAEDB'

//G.SYSIN DD *
JOB 0209 14 1 NEUSE RIVER
60901030
60901120
60901290
60901390
60901420
60901590
60901620
60901690
60901790
609018@0

00 10149240 00%11273

iﬂ*d*dkd"d*d"d"d"d"d‘”d
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5999899
999999

3 0

3999899
182

s 0

999999
7 O

168
0



2B0060901030 O 10149 500 05550
2B0060901120 O 10149 500 05550
2B0060901290 O 10149 500 05550
2B0060901390 O 10149 500 05550
2B0060901420 O 10149 500 05550
2B0060901590 O 10149 500 05550
2B0060901620 O 10149 500 05550
2B0060901690 O 10149 500 05550
2B0060901790 O 10149 500 05550
2B0060901890 O 10149 500 05550
5 5550 ©C 10149 00001020%0301000
> 5550 O 10174 0000102030301000
EgD

;éRL EXEC RELEASE, PARM=NUSBAS2,COND=(4,1E)

Bun 2

//NUSBAS? JOB NCS.BAE.B43%99,WISER,M=1, T=3, TYPRUN=HOLD
//¥*PROCLIB=NCS. BAE. T2025.WISER. SSARLIB
// EXEC CONT,BASIN="NEUSE',DISK='NBAEDB'
é/G.SYSIN D *

0B 0209 14 1 NEUSE RIVER
P 60902020

P 60902090

P 60902120

P 60902290

P 60902390

P 60902420
P 60902430

P 60902520

P 60902620

P 60902690

T 00 10149240 00311273

2B0060902020 O 10149 500 05550
2B0060902090 O 10149 500 05550
2B0060902120 O 10149 500 05550
2B0060902290 O 10149 500 05550
2B0060902390 O 10149 500 05550
2B0060902420 O 10149 500 05550
2B0060902430 O 10149 500 05550
2B0060902520 O 10149 500 - 05550
2B0060902620 O 10149 500 05550
2BO060902620 O 10149 500 05550
5 5550 O 10149 00001020%0301000
5 5550 0 10174 0000102030301000
%

;;RL EXEC RELEASE, PARM=NUSBAS3,COND=(4,1E)
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Run 3

//WUSBAS3 JOB NCS. BAB, BA399, WISER, =1, 7=3, TYPRUN=HOLD
//¥PROCLIB=NCS. BAE. 12025, WISER. SSARLIS

7 R OCRER GO, BASTNS *NEUSE: , DLSK= 'NBARDB"
//G.SYSIN DD *

JOB 0209 14 1 NEUSE RIVER
P 60905020

P 60905120

P 60905130

P 60905290

P 60905390

P 60905420

P 60905490

P 60905520

P 60905590

T 00 10149240 00311273

2B0060905020° O 10149 00 05550
2B0060Y05120 O 10149 500 05550
2B00K09051%0 O 10149 500 05550
2B006005290 O 10149 500 05550
2BO0G0305390 O 10149 500 05550
2006005420 O 10149 500 05550
2B0060905490 O 10149 500 05550
2B006005H20 O 10149 500 05550
2B0060905590 O 10149 500 05550
5 5550 O 10149 0000102030301000
2 5550 O 10174 0000102030301000

/-x-
;éRL EXEC RELFASE, PARM=NUSBAS4,COND=(4,1E)

Run 4
//NUSBAS4 JOB NCS.BAE.B4399, WISER,M=1, T=2, TYPRUN=HOLD
//¥PROCLIB=NCS. BAF. 12025. WIéFR SSARLTB
/)~ EXEC__CONT,BASIN="NEUSE',DISK='NBAEDB'
//G SYSIN DD %
JOB 0209 14 1 NEUSE RIVER
P 60905620
P 40305690
P 60905720
P 60905790
P 60007020
P 609070%0
P 60907120
P 60907190
T 00 10149240 00311273
2BO060905620° 0 10149 500 05550
JRO060905690 O 10149 500 05550
2BO0OK0J05720 O 10149 500 05550
2BO060905790 O 10149 500 05550
SBOOG0907020 O 10149 50O 05550
2BO060907030 O 10149 500 05550
2BO060907120 O 10149 500 05550
2B0060907190 O 10149 500 05550
5 5550 O 10149 0000102030301000
%ND 5550 O 10174 00001020%30%01000

¥

/
; ;RL EXEC RELEASE, PARM=NUSBAS5,COND=(4,1E)
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Run 3

//NUSBASS JOB NCS.BAE.B4399,WISER,M=1,T=2, TYPRUN=HOLD

//¥PROCLIB=NCS. BAE. 12025. WISER. SSARLIB

1/ EXEC CONT,BASIN="NEUSE',DISK='NBAEDB'
//G.SYSIN DD *

JOB 0209 14 1 NEUSE RIVER
P 60907220

P 60907290

P 60907320

P 60907390

P 60907420

P 60907590

P 60907690

P 60907790

T 00 10149240 00311273

2B0060907220 O 10149 500 05550
2B0060907290 O 10149 500 05550
2B0060907320 O 10149 500 05550
2BO0600T7Z90 O 10149 500 05550
2B0060907420 O 10149 500 05550
2B0060907590 O 10149 500 05550
2B0060907690 O 10149 500 05550
2B0060907790 O 10149 500 05550
> 5550 O 10149 0000102030301000
%ND 5550 0 10174 0000102030301000

/*
;§RL EXEC RELEASE, PARM=NUSBAS6,COND=(4,1E)

Bun 6

//NUSBAS6 JOB NCS.BAE.B4399,WISER,M=1,T=%, TYPRUN=HOLD
//¥PROCLIB=NCS.BAE.12025.WISER. SSARLIB

EXEC CONT,BASIN="NEUSE',DISK='NBAEDB'
//G.SYSIN DD *
JOB 0209

14 1 NEUSE RIVER
P 60908120
P 60908190
P 60908220
P 60908230
P 60908390
P 60908420
P 60908490
P 60908520
P 60908690
T 00 10149240 00311273
2B0060908120 O 10149 500 05550
2B0060908190 O 10149 500 05550
2B0060908220 O 10149 500 05550
2B0060908230 O 10149 500 05550
2B0060908390 O 10149 500 05550
2B0060908420 O 10149 500 05550
2B0060908490 O 10149 500 05550
2B0060908520 O 10149 500 05550
2B0060908690 O 10149 500 0555
5 5550 O 10149 0000102020301000
gND 5550 O 10174 0000102030301000

%
4§RL EXFC RELEASE, PARM=NUSSUM1,COND=(4,1E)
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Simulation of Summing Points, Reaches and Reservoirs: Rum 1

//NUSSUM{ JOB NCS.BAE.B4399,WISER,M=1,T=2, TYPRUN=HOLD

//*PROCLIB=NCS. BAF. 12025. WISER. SSARLIB '

/ EXEC CONT,BASIN='NEUSE',DISK='NBAEDB

//G.FT23 DD DSN=&TA,UNIT=SYSDA,SPACE=(TRK,32),DISP=(,IELETE),
DCB=(RECTN=F, BLKSTZE="7284, IREC1=7284)

éég.SYSIN DD *

0209 1% 1 NEUSE RIVER
CCO170901100 ENO RIVER NR WILLARDVILLE
CCO1T70901 200 FLAT RIVER AT LAXKE MICHIE
CRO170901280 FLAT
CRO270901280 20 800
CC0O170901200 FIAT RIVER AT MOUTH
CRO170901380 ENO
CRO270901380 20 800
CC0170901400 NEUSE RIVER NR FAIRNTOSH
CC0170901500 NEUSE RIVER NR DURHAM
CRO1 70901580 NEUSE
CRO270901580 1-100 320
CCO170901600 NEUSE RIVER NR NORTHSIDE
CRO170001680 NEUSE ‘
CRO270901680 1-200 - 280
CC0O170901700 NEUSE RIVER NR BAYLEAF
CRO170901780 NEUSE
CRO270901780 2-300 60
£C0170901800 NEUSE RIVER AT FALLS
CRO170901880 NEUSE
CRO270901880 1-300 60
€CO170901900 - NEUSE RIVER AT NEUSE

60901020 70901100
60901030 70901100
70901100 70901380
60901120 70901200
70901200 70901280
70901280 70901300
60901290 70901300

60901390 70901400
70901400 70901500
60901420 70901500
70901500 70901580
70901580 70901600
60901590 70901600
70901600 70901680
60901620 70901700
70901680 70901700
60901690 70901700
70901700 70901780
70901780 70901800
60901790 70901800
70901800 70901880
70001880 70901900
60901890 70901900
00 10149240 00311273

gy dydiddd i dd g d g g dd dhd o Rd id td Hd td Hd

END
/¥
ééRL EXEC RELEASE, PARM=NUSSUM2,COND=(4,LE)
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Bun 2

//NUSSUM2 JOB NCS.BAE.B4399,WISER,M=1, T=3, TYPRUN=HOLD
//*PROCLIB=NCS.BAE.IZOZS.WISER.SSARLIﬁ

// EXEC CONT,BASIN="NEUSE',DISK='NBAED
//G.FT23 DD DSN=&TA,UNIT=SYSDA, SPACE=(TRK

BI
32)éDI§P=(,DELETE),

DCB=(REGFM=F, BLKSIZE=7284, IRECL=7284

//G.SYSIN ID *

JOB 0209

CRO170902080
CRO270902080
€C0170902100
€C0170902200
CRO170902280
CRO270902280
€C0170902300
CR0O170902380
CRO270902380
CCO170902400
CC0170902500
CC0170902600
CRO170902680
CRO270902680
€C0170902700
CC0170905100
CC0170905200
CRO170905280
CRO270905280
CCO170905200
CRO170905380
CRO270905380
CCO170905400
CRO170905480
CRO270905480
CCO170905500
CRO170905580
CRO270905580
€C0170905600
CRO170905680
CRO270905680
CC0O170905700
CRO170905780
CRO270905780
€C0170905800

13

2-300

2-300

1 NEUSE RIVER
NEUSE

60
NEUSE RIVER BELOW CRABTREE CREEK
NEUSE RIVER NR GARNER
NEUS%O
NEUSE RIVER NR CLAYTON
NEUSE

2-300 - 60

4-300

4-300

NEUSE RIVER AT SMITHFIELD
NEUSE RIVER NR SMITHFIELD
NEUSE RIVER NR FOUR OAKS
NEUSE

70
NEUSE RIVER MR STEVENS MILL
NEUSE RIVER NR STEVENS MILL
LITTLE RIVER NR KENLY
LITTLE

120
LITTLE RIVER AT GOLDSBCRO
NEUSE

70
NEUSE RIVER NR GOLDSBORO
NEUSE

90) 70
NEUSE RIVER NR STRABANE

NEUSE

0 70
NEUSE RIVER NR FALLING CREEK

NEUSE

70
NEUSE RIVER NR KINSTON
NEUSE -

80
NEUSE RIVER NR GRIFTCON
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70901900 70902080
60902020 70902100
70902080 70902100
60902090 70902100
70902100 70902200
60902120 70902200
70902200 70902280
70902280 70902300
60902290 70902300
70902300 70902380
70902380 70902400
60902390 70902400
70902400 70902500
60902420 70902500
60902430 70902500
70902500 70902600
60902520 70902600
70902600 70902680
60902620 70902700
70902680 70902700
60902690 70902700
70902700 70905100
60905020 70905100
70905100 70905380
60905120 70905200
60905130 70905200
70905200 70905280

70905580 70905600
60905590 70905600
70905600 70905680
60905620 70905700
70905680 70905700
60905690 70905700
70905700 70905780
60905720 70905800
70905780 70905800
60905790 70905800
00 10149240 00311273

g*—i*ﬂ*ﬂ"d‘*\j“d"d"d“d*\d“d“d"U*‘U“d"d"d‘”d*d"dFd‘“d*U*U"d"d"d"d‘“d*d*d*‘d%*d"d*d"d"d*’d“d"d"d*d"d*d*d‘"d*d"d

RL EXEC RELEASE, PARM=NUSSUM3,COND=(4,1E)

NN
N %
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Run 3

//NUSSUM3 JOB NCS.BAE.B4399,WISER,M=1, =3, TYPRUN=HOLD

J#PROCLIB=NCS. BAE. 12025. WISER. SSARLTB

EXEC CONT,BASIN="NEUSE',DISK='NBAEDB'

//G.FT23 DD DSN=&TA UNIT=SYSDA, SPACE=(TRK,32), DISP=(, DELETE),
DCB=(REGFM=F, BLKSTZE="T7284, IRECL=7284 )

//6.SYSIN DD *

SN
NN

JOB 0209 13 1 NEUSE RIVER
€C0170907100 CONTENTNEA CREEK NR LUCAMA
CRO170907180 CONTENTNEA

CRO270907180 2-200 260

CCO170907200 CONTENTNEA CREEK NR BLACK CREEK
CRO170907280 CONTENTNEA

CRO270907280 1-300 220

CCO170907300 CONTENTNEA CREEK NR LINDELL
CRO170907280 CONTENTNEA

CRO270907380 2-300 170

CC0O170907400 CONTENTNEA CREEK NR SNOW HILL
CC0170907500 LITTLE CONTENTNEA CREEK NR FARMVILLE
CR0170907580 LITTLE CONTENTNEA
CRO270907580 2-300 250

CC0170907600 LITTLE CONTENTNEA CREEK AT SCUFFLETON
CRO170907680 CONTENTNEA

CRO270907680 2-300 200

€CO170907700 CONTENTNEA CREEK NR SCUFFLETON
CRO170907780 CONTENTNEA

CRO270907780 3-300 150

CC0170907800 CONTENTNEA CREEK NR QUINERLY
€C0170908080 NEUSE RIVER

CC0o170908100 NEUSE RIVER NR FORT BARNWELL
CRO170908180 NEUSE

CRO270908180 1-300 80

€C0170908200 NEUSE RIVER AT CROWN LANDING
€C0170908300 SWIFT CREEK NR VANCEBORO
CRO170908380 SWIFT

CRO2'70908%80 2-300 250

CC0170908400 SWIFT CREEK AT MOUTH
CRO170908480 NEUSE

CR0O270908480 3300 80

CCO170908500 NEUSE RIVER AB NEW BERN
CCO170908600 TRENT RIVER NR TRENTON
CRO170908680 TRENT

CRO270908680 4-300 250

CCO170908700 TRENT RIVER AT MOUTH
£C0170908780 NEUSE RIVER

CCO170908800 NEUSE RIVER AT FORT POINT

P 70905800 70908080

P 60907020 70907100

P 60907030 70907100

P 70907100 70907180

P 60907120 70907200

P 70907180 70907200

P 60907190 70907200

P 70907200 70907280

P 60907220 70907300

P 70907280 70907300

P 60907290 70907300

B-22




70907300 70907380
60007320 70807400
70907380 70907400
60907390 70907400
70007400 70807680
60907420 70907500
70207500 70907580
70907580 70907600
60007590 70907600
70907600 70907700
70907680 70907700
60907690 70907700
70907700 70907780
70507780 70907800
60907790 70907800
70907800 70908100
70008080 70908100
70908100 70908180
60008120 70908200
70908180 70308200
60008190 70908200
70908200 70908480
60908220 70908300
60908230 70908500
70008300 70908380
70908380 70808400
60908390 70908400
70008400 70908500
60008420 70908500
70908480 70908500
60908490 70908500
70908500 70908780
60908520 70908600
70908600 70908680
70908680 70908700
60908690 70908700
70008700 70908800
70008780 709088300
00 10149240 00311273

\*gewwmwwmwwwmwmwmwmwwwmwmwwwmwwwwmwwwwwwFd
S

;;RL EXEC RELEASE, PARM=NUSLAST,COND=(4,1E)

Deletion of Characteristic File

//NUSLAST JOB NCS.BAE.B43%99,WISFR,M=1,T=1,TYPRUN=HOLD
//¥PROCLIB=NCS. BAE. T2025. WISER. SSARLIB
EXEC PGM=MSG, REGION=40K
//AX DD DSN=CHARACT.NEUSE,
// UNIT=DISK,VOL=SER=NBAEDR, DISP=(OLD, DELETE)
EXEC PGM=READSCB,REGION=40K
STEPLIB DD DEN=ECS.BAE.I2025.WISER.HISUTL, DISP=SHR
SYSPRINT DD SYSQUT=A
DA DD UNIT=DISK, VOL=SER=NBAEDB, DISP=SHR

AFDB SIMULATE.NFUSE

/
4
/8
B

\
" \\\\\
A
=gy
§§

//
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APPENDIY C

CAPE FEAR RIVER RASTY






CAPE FEAR RIVER BASIN

COMPARISON OF STIMULATED AND OBSERVED DATA
Standard Statistics

Drainage
Area,
Sq.mi.
02092500
02095800
02094000
02094500
09095000
3%.6
02095500
37
02096000
02096500
599
02092700
02%96850
02007000
1210
020972A?
02098000
285
02098800
02098500
02?29000
02092500
02100500
346
’02101000
134
02101800
15.3

02102000
1410

T
02107500

02104500
284

0.87

0.87

Period Record Statistie
of Length,
Record Months D R A Y
Haw Rlver nr Benaja
1/49 9/71 273 0.08 =0.00 0.28 0.39
Reed Fork nr Oak Ridge
10/5 -12/7% 219 8.1% -0.00 0.22 0.3t
Horsepen Creek a+ Battle Ground
1/49-8/59 128 -0.08  0.0? .30, 0.39
Reed Fork nr Glbsonv1lle (Dlver31on 407)
/49~ 12/7? 300 -0.3% 0.4%  0.55 " 0.68
%outh Buffalo Creek nr Greensboro
/49-8/58 116 -0.05 =0.00 0.3%1 0.66
Ncrth Buffalo Creek nr Greensboro (Return 25%)
1/49-12/7% 200 0.4% =0.21 0.31 0.38
%*ony Creek nr Burlington
8, 52 9/59 R36 3 0.00 O z7 0.54
Haw River at Haw River [Diversion 1%}
1/40 12/73 300 -0.05  0.01 0.22 0.31
Alamance Creek nr Elon College
Q}§7 12/73 196 0.05 -0.00 0.26 0.45
9e Creek nr Teer
0/59-9/73 168 0.15 0.00 0.33 0.55
Haw River nr Pittsboro
1/49-9/73 297 -0.08 0.01 0.21  0.%0
rT‘h:LI'd Fork Creek at Durham
11/68-5/7% 55 0.10 o 01 5% 0.74
Wewy Hope River nr Pittsboro Rpturn 34
%/49-9773 295 0.05  0.02 0.36
Haw River nr Hagvood
10/65-12/7% -0.08 0.01 0.20 0.3%1
West Fork Dee? River nr High Point
1/49-8/58 1 -0.08 "-0,01  0.28.  '0.39
Jast Fork Deeg Rlver nr HLgh Point
1/49-12/7% -0.1 0.01 %G 0.39
Deep River nr ?qndleman (Dlversion
1/48-12/7% 200 -0.1%  -0.01 D.26 0.3%8
Deep River nr Ramseur
1/49-12/73 300 08 -0.01  0.23 - 0.33
Bear Creek at Robblns
1/49-9/71 273 0.08 -0.00 = 0.34  0.56
T}ck Creek nr Mount Vernon Sgrings
58-12/73 186 0.75 -0.00 0.39 0.64
Doeg River at Moncure
-12/7% 200 -0.10 0.01 0.2% 0.33
Pe7r River at Lllllngton
XQ 12/ 200 -0.10 0.01 0.21 0.%1
quf Creek nr Iaverness
7/68-12/73 66 0.08 0.02 0.25 0.30
L}t+l@ River at Linden
49-9/71 273 0.05 0. 03 0.25% 0.3%5
Rockflsh Creek nr Hope Mills
1 /49-12/54 72 -0.13  0.02 0.28 0.7%
Ee Fesr River nr Tarheel
/49-12/73 300 -0.10  0.01 0.21  0.30

02105 00
481

0092



Standard Statistics {cont'd)

Statistic

A Y
0.37 0.59
0.37 0.54
0.30 0.41
0.35° 0.48
0.43 0.65
Springs

Drainage Period Record
Area, of " Length,
Sq.mi. Record Months D R
02105900 Hood Creek nr Leland
21, 10/56-9/7% 204 0.2% -0.01
02106000 Little Coharie Creek nr Roseboro
96.4 2/50-12/73 287 0.0% -0.01
02106500 Black River nr Tomahawk
680 10/51 12/73 267 6.05 0.00
02107000 A 9+h Rlver nr Parkersburg
0/51-12/7% 267 0.15 " -0.00
02107500 Colly Creek nr Kelly
103 2/50-9/71 260 0.10  0.02
02107600 Northeast Cape Fear River nr Seven
8/58-12/73 185 -0.08 -0.00

02108000 Northeast Cape Fear River nr Ching
600 1/49-12/7%  "300 -0.05 0.01
02%28200 Rockfish Creek nr Wallace

0.38  0.55
uapin
0.%2 0.47

74
-3

5

1

11

+

-

67

-12
52

+1

62

61

7%
-14

59
6

5%

+1

59

_10

+16

88
+17

100
-16

83
-5

85
+4

75

8/55-12/73 221 0.05 -0.00 0.33 0.55
Monthly Distribution
Mean Monthly Percentage of Annual
Flow, and Deviation From Observed, x10
cfsm J F M A M J J A 3
02093500 Haw River nr Benaja
o s 0.81 09 141 145 115 81 54 45 52 39
0.8 -8 +6 +7 +10 +15 +9 0 +5
02093800 Reed Fork nr Oak Ridge
obs g@ 130 121 103 78 74 62 66 52
.0 -2 =17 -2 +5 12 +6 +9 +3 +3
09094000 Horse en Creek at Battle Ground
obs 0. 90 11 129 128 108 66 58 57 75 43
sim  0.91 -17 -11 +4 +19 +2% +13 +8 +3 +9
02094500 Reedy Fork nr Gibsonville
obs 0.65 112 155 149 118 71 60 46 AT %3
sim 0.9% =27 =40 -20 -6 +17 +25 +21 +24 +19
02095000 South Buffalo Creek nr Greensbhoro
obs 1.26 107 133 130 107 59 59 92 52 52
sim 1.25 +1% +12 -4 =27 -9 +2 =43 +12  +22
02095500 North Buffalo Creek nr Greensboro
1.5% 96 121 118 95 T4 79 71 69 54
s1m 1.20 +2% +31  +29 -6 <29 <12 24 -16 =10
02096000 Stony Creek nr Burlington
obs 0.8 139 186 137 145 A0 21 11 27 50
sim 0.80 +30 +39 +40 -3 -8 =13 -5 -8  -30
02096500 Haw River 2% Haw River
obs 0.89 111 151 146 116 73 60 46 46 %6
im 0.89 - -9 +6 -1 +9 +8 +7 +5 +4
02096700 Blg Alamance Creek nr Elon College
obs 0.92 115" 168 159 131 70 77 40 35 21
sim 0.92 -2 -8 +6 -9 0 =15 +4 +2 +5
02096830 Cane Creek nr Teer
obs 0.98 98 180 184 132 77 66 473 28 14
sim- 0.99 +12 -10 -11 +4 0 +#14 =16 =15 +2 +3

C-4
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Monthly Distribution {cont

'd>

60
-14
i)
54

54

-12
53

46
46
41

+8

33
+9

43
+6

49
683
-8

63
~-12

70
-13

52
46
+7
57

-

5%

+11‘

-13

Mean Monthly Percentage of Annual
i Flow, and Deviation From Observed, x10
| cfsm J F M A m J . A S
1 02097000 Haw River nr Pittsboro
! obs 0.89 11% 160 158 119 72 53 46 45 32
sim  0.90 =11 =7  ¥2  +%3 +19 37 +2 41 35
020972473 Third Fork Creeck at Durham
obs 1.92 53 100 93 89 79 70 76 74 119
sim 1.94 +64 +21 +%2 -6 =24 <26 =33 +5 =42
02098000 pr Hope River nr Pittsboro
obs 0.983 29 188 180 122 67 41 %3 29 28
0.99 -4 -5 -1 -1 10 -3 -2 +1
02098200 Haw Rlver nr Haywood
obs 0.81 105 174 15° 96 95 71 25 52 21
sim  0.82 +2 =21 +3 414 +6 -7 +4 +1 +6
02098500  West Fork Deep River nr High Point
obs 0.98 116 1738 %1 108 64 52 52 80 44
sim  0.96 =21 =10 +11 +25 +28 +16 -2 =12 +4
020935000 East Fork Deep River nr High Point
obs 1.06 108 142 23 102 68 79 51 71 Z4
sim 1.06 -6 =10 -14 #17 +12 -1 +4 -9 +8
02099500 Deep River nr Randleman
0.96 160 152 116 / 61 49 58 35
0.95 =17 =24 -3 +15  +31 +9 -1 -3 +5
02100600 Dee? River nr Ramseur
o s 0.97 1 161 154 122 72 57 46 57 54
0.95% -16 +4 +14  +28 +4 -1 =10 +1
,02101000 Bear Creek at Robbins
obs 1.07 120 161 169 126 67 45 57 51 26
sim 1.07 +6  +21 +11 =11 +1  ~15 =16 +9 -1
02101800  Tick Creek nr Mount Vernon Springs
obs 0.96 121 202 176 124 46 9 49 71 12
sim  0.96 +25 14 +15 +13 #16 -12 -12 -39 +5
02102000 Dee? River at Moncure
obs 1.03 19 170 167 125 69 45 44 55 37
sim 1.04 -2 =17 +2 +1 +22 +1 -3 -6 -1
02102500 Ca pe Fear River at Lillington
obs 0.96 117 167 164 123 70 47 46 by 37
sim 0.97 -7 =19 +5 D +2% +6 -2 -1 0
02102908 Flat Creek nr Inverness
obs 1.7 87 109 105 115 39 80 79 62 64
sim 1.7 =16 =14 +4 =7 +17 +7 +4  +17 +1
02103500 Little River at Linden
obs 1.21 111 127 148 110 74 48 54 63 €2
sim 1.25 -8 +4 +4 -7 -2 +10 +10 +14 +1
02104500 Rockfish Creek nr Ho e Mllls
obs .20 100 88 111 62 76 80 79
sim 1.22 =33 =18 +1 +5 +8 +12 +28 +9 423
02105500 Cape Fear River nr Tarheel
obs .02 114 152 157 118 71 48 52 56 46
sim 1.03 -11 =14 +9 +1 420 +10 0 +3 +1
02105900 Hood Creek nr Leland
: obs - 1. 109 112 136 86 %6 64 92 134 60
sim  1.67 -1 +8 =7 =14 -2 =26 +5 =37 -1
02106000 Little Coharie Creek nr Roseboro
obs A7 118 138 153 106 55 47 67 74 53
sim 16 -3 16 -8 +7 417  +18 -f +4 =10
02106500 Black River nr Tomahawk
obs 5 114 136 158 114 61 51 61 67 55
sim 16 +1 -3 -6 +5  +15 +16 -6 -9 -9

C-5



Monthly Distribution (cont'd)

Mean Monthly Percentage of Annual
Flow, and Deviation From Observed, x10
cfsm J F M A 1 J A S 0 N
02107000 South River nr Parkersbur
obs 1.11 120 148 175 120 40 50 67 56 50 48
sim 1.11 +27 +27 +10 =10 -5 -2 =12 -6 =12 -8 -4
02107500 Coll{ Creek nr Kelly
obs 1.10 124 170 7 50 44 £9 74 66 60 51
sim 1.12 +6 +b -4 =20 =17 +3 -9  +24 -4  +16 -6
02107600 Northeast Cape Fear River nr Seven Sprlngs
obs 1.3% 107 137 "128 96 1 55 101 65 58
1.33 +10 +17 +19 +5  +14 -9 =29 -12 - -4 . -12
02108000 Northeast Cape Fear River nr Chinquapin
o s 1.24 114 132 1473 93 63 50 86 83 68 49 50
25 +9 +19 +19 +8 -2 +8 - -12 -18 ~10 -15
02108500 Rockfish Creek nr Wallace
obs 1.56 115 137 143 37 57 67 89 86 60 49 47
sim .56 +9 +1 +5 +3 +1 +4 +5 +1 -8 -12. =10
FPlow Extremes
Mean Mean Low Flow, cfs Mean High Flow, cfs
Flow, Duratlon, ag Duration, dags
cfs 1 0 a0 1 7 30
02093500 Haw River nr Benaja
obs 140 14 16 25 %5 42 1200 720 350 280
sim - 140 16 17 24 34 43 1200 650 220 260
02093800 Reedg Fork nr Qak Ridge
obs 22 | 6.6 1 9.6 400 120 50 39
sim 4 5 4.8 6.8 8 9 10 370 100 A8 27
02094000 Horsepen Creek at Battle Ground
obs 2.0 %.6 4,7 5.5 %60 100 40 23
sim 14 5. 5 2.7 3.5 4.5 ?.4 250 71 34 26
02094500 Reed§ Pork nr Gibsonville 7RG,DV 34.9 cfs)
obs 86 5.6 8.1 12 16 1400 580 250 180
sim 120 23 25 25 46 55 1300 560 270 210
02095000 South Buffalo Creek nr Greensboro TRT) .
obs 42 4.4 5.5 6.9 12 1100 320 110 81
sim 42 4.8 5.2 6.9 “10 1% 1100 200 11? 83
02095500 North Buffalo Creek nr Greensboro (RT 14 cfslest))
obs 57 15 19 22 25 20 1000 300 130 a3
sim 44 2,2 3.5 5.4 8.1 1 870 270 120 N
02096000 Ston Creek nr Burlln ton
obs 35 g . % .2 1100 320 120 N
sim 25 .02 02 22 .60 1 2 1100 290 140 100
02096500°  Haw River at Hayw River (RG,DV 5 cfs
obs 530 50 66 96 130 180 7200 3200 1400 1100
sim 540 58 673 89 130 160 4500 2600 1300 1000
02096700  Big Alamance Creck nr Blon College
obs 110 % 4.5 8.5 14 200 690 %20 250
sim - 110 2. 3 2.9 6.8 1% 19 1400 590 200 230
02096850 Cane Creak nr Teer
obs 31 76 1.6 .83 2.6 720 220 a8 T4
sim 21 .76 93 1.6 2 9 4.1 680 180 91 72
02097000 Haw River nr Pittsboro (LR)
obs 1200 20 96 150 220 270 17000 7100 3300 2600
sim 1200 89 100 160 250 320 7400 5200 3000 2300
06
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Flow Extremes {cont'd)

Mean Mean Low Flow, cfs Mean High Flow, cfs
Flow, Duration, days Duration, days
cfs 1 7 20 650 90 1 7 20 60 90

55107500 Golly Creek nr Kelly _ _——oTTTmmTTeTTTTTR
obs 110 .o¥ A3 1.3 4.4 11 500 460 320 260 220
sim 120 .25 A0 2.2 6.3 15 910 700 380 280 230
02107600  Northeast Cape Fear River nr Seven Sgrings
obs 6% 8.3 8.9 1% 17 2% 31 %60 0 170 130 110
sim 63 7.6 8.3 12 16 21 600 340 170 130 120
02108000 Northeast Cape Fear River nr Chin uagin
obs 740 31 37 74 120 180 %40 43200 2100 1700 1400
sim 50 39 45 74 110 170 5200 73600 2200 1700 1500
02108500 Rockfish Creek nr Wallace
obs 100 2.6 3%.7 6.6 14 24 1300 660 310 230 190
sim 100 3.2 3.7 8.1 14 22 1300 660 300 220 190
Special Simulation
02094000 Horsepen Creek at Battle Ground
CB0360202020 8400 1008089 5 1020 2030 50 506080 16 55 O
02097243  Third Fork Creek at Durham
CB0%60205020 8400 1008089 10 20 40 80 90100 100100100 16 20 O
CB0460205020 32515100
02099000 East Fork Deep River nr High Point
CB0360208020 8400 1008089 5 10 20 30 40 60 70 80100 16 65 O
CRB0460208020 33630100
02102908 Flat Creek nr Inverness
CRO260214190 7.65 2 182 36115000 10008400 99101583400 64.2
CBO360214190 8400 1008089 20 30 50 20 40 60 60 70 90 16 80 60
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XBO1C

(138.7)

XBO1
(188.5)

Reedy Fork
at Ossipee

XBO2G ~
(444.5) ?

@ Alamance
Q34/ Creek ‘

- XBO3
(262.4)

116

Alamance Creek
nr Elon College

XBOZK ¢
(585.6)

@ Swepsonville
03B/ Local
63.3?

XBO2R
(696.5)

Alamance Creek
at Swepsonville

XBOZM ~o

(958.9)

1B/ Riv

o S

¢

)

J

[ ]

C-9

.
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Qi%%}ﬂaw
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Traublesome
reﬁk

Haw River
nr Reidsgville

Altamahaw
Q Loc?l

Haw River
at Altamahaw

Haw River
nr Ossipee

Stony Creek
Reservoir

Hopédale
Local
57.5?

Lake ‘

Burlington

Haw River
nr Hopedale

. @ Back
Creek
81,3

Haw River
at Swepsonville

Haw River
nr Swepsonville



B T

Buffilo
)

Buffalo Creek
nr McLeansville

McLeansville
Local
11.7?

.Buffalo Creek
at mouth

XBO2F
(232.8)\‘

DY B
S

t2s6

B \Reedy
28/ Pork
70

Lake
Brandt

Rudd
02B/ Local
62.3)

Reedy Fork
below Buffalo Creek

] (3p) pogsree
23.23

Reedy Fork
at Ossipee




XBOZ2M o
(958.9)

XBO4B
(1015.8)

XBO4
(1275

X804
(1688.9)

XB11 Deep River
(1440.5) a_ at Moncure |

L

XBO7A
(3129.4)

Q

XBO7C
(3%06.9)

@ Terrells
QAR Loc?l

Haw River
nr Swepsonville

@ New Hope
Cre

79. 8

Haw River
at Saxapahaw

§Bosg New Hope Creek
105 nr Genlee

Northeast
3/ Creek
3}

New Hope Creek
nr Carpenter

161

Haw River
below Cane Creek

Bynum
Loca% ff New Hope Creek
123.4 228 - nr Green Level

Haw River
at Bynum \ L

Pittsboro‘
Q4D/ Local
6693

New Hope R1ver

)EBOS
345) nr Ney Hill

Jordan
Reservoir

Cape Pear River

at Haywood.
Buckhorn Buckhorn
Q7A Loc?l Creek
98.8 78,7

Cafe Fear River
below Buckhorn Creek

Cc-11



BO8
(61.4 Lake

B/ Loca

XBO8 Randleman
(173.2) Dam site

XBO9B L’Dee River
(229, 5) t Worthville

Ramseur
B/ Local
55-5)

Deep River
(348 8) at Ramseur

Coleridge
Local Creek
5} 5569

Deep River
nr Erect

‘ ] Howards Mill
[ Local
]

XBO9Y Deep River
(620.7) at Howards Mill

Deeg River
igh Falls

XB1OD Deeg River
(972.3) lendon

c-12



XB10D
(972.3)

XBT1A
(1025.8)

XB11
(1440.5)

DeeglRlver

endon

Carbonton

GHON

Dee
at

at

Deeﬁ River

at

River
arbonton

‘Ea'Cumnock
Loc§1
XB11B Deep River

umnock

ep River
below Rocky River

oncure

Cumngck (8)

B/ Li
‘ 64
XB11 De
(14193:

XB12
(94.7

6

Roc
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Rocky River
nr Mount Vernon
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Rocky River
nr gZalglen

Coal%len (r)
008
9.2)

Rocky River
at gguth



XBOTC

(3306.9) |

XBOTD
(3366.6)

XBOTE
(3464

{1
v __J

(3§§g77) |

XB13§ Upper Little River
(134 nr Spring Hill
L
Bunlevel
Local
85,69

XB13E Upper Little River
(219.6) nr Erwin

XB13D~0

(3743.3)

Erwin
D @ Local
26

XB13
(3769.6)

c-14

Cape Fear River
below Buckhorn
Creek

‘Cokeibury

Cape Fear River

nr Kipling
Lillington
07D/ Local
7.4

Cape Fear River
at Lillington

Buies Creek
Q Local
59.7

Cape Fear River
nr BErwin

Cape Fear River
nr Erwin

Cape Fear River
nr Erwin




o Cape Fear River

' XB13
B \Little (3769.6) nr Erwin
14A/ River .
64.2)
XB14
(64.2
¥B14 Little River
250 nr Mt. Pleasant
Overhills
Lgcal ®
94
B14 Little River
344 at Manchester
Linden
Loca}
138.4
XB14 Little River
(482.4) at Linden
B \Rockfish XB15§“$ Cafe Fear River
154/ Cree (4252 below Little River
189.4
Little
Rockfish
B/ Creek
96.6
(38. '
Fayetteville
?815 Rockfish Creek Loca
286) - nr Hope Mills 105.1

XB15E Cape Fear River
cal (4395.2) at Fayetteville

Rockfish Creek Cedar Creek
nr Cedar Creek 1

XB15 Cafe Fear River
(4727 below Rockfish
Creek

c-15



XB15G Cape Fear River

(4727 below Rockfish Creek
Lena
Local
9]
XB16 Cape Fear River
(4737 nr Lena
Tarheel
A/ Logal
11
XB16G Cape Fear River
(4838 at Tarheel
"XB16E, Cape Fear River
(4882.€) | nrWhite Oak
Blizabethtown
Local
57.9
XB16H ¢ Cape Fear River
(4985 nr Elizabethtown
XB16F Cape Fear River
(5056,6) at Carvers
Kell
Loca¥
170.4
XB17 Cape Fear River
(5227 nr Kelly
XB&?? Cape Fear River
(7036 nr Phoenix
XB17C Cape Fear River

(8759.3)  at Wilmington

c-16

Black River
at mouth

Northeast ‘
Cape Fedr River
at Wilmington



South River
nr Godwin

South River
nr Roseboro

South River
nr Parkersburg

B \Great Coharie
198/ Creek
136?e

§B19 > Great Coharie Creek
136 nr Clinton

Great Coharie Creek
nr Ingold

Six Runs
J Creek
110

Six Runs Creek
nr Clinton

Six Runs Creck
nr Garlagnd ‘

reat Coharie Creek
below Six Runs Creek

XB20B— Black River

(1206

below South River
[J Montague

XB20E~~Y Black River

(1400

XB20
(1528

XB20

(1563)

nr Currie

nr Montague

[] Montague (S)
Y Local
35

Black River
at mouth

C-17



B\ Northeast Cape Fear
1/ Riyer
119

Northeast Cape Fear River
119) at Kornegay

( 10 Samp\
. _ B22 L Northeast Cape Fear River

299 below Goshen Swamp

—~
jos]
N
—
<

Northeast Cape Fear River
509 nr Hallsville

%BZZ ¢~ Northeast Cape Fear River
589 nr Chinquapin

Northeast Cape Fear River
nr Willard

Holly
Shelter

XB23 Northeast Cape Fear River
(1235 nr Burgaw
Castle Hayne
. [] Logal m
460
XB23 Northeast Cape Fear River

(1695) at Wilmington
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BO2H
CRO160202620
CRO260202620
CBO360202620
CR0460202620

RO2J
CRO160202790
CR0260202790
CBO%60202790
CBO460202790

BOZK
CB0160203090
€B0260203090
CBO%60203090
CBOA6020%090

BO2L

CB0160203020

CB0260207%020
CBO360203020
CRO460203020
RO2M
CB0160203%490
CB0260203490
CRO%60203490
CR0460203490

BOZA
CBO160203120
CB026020%120
CB0%5020%120
CB046020%3120

BO%B
CR0160203290
0B0260203290
CBO36020%290
CB0460203290

BOC
CBO16020%220
CB0260203220
CR0%60203%220
CR04602073220

BO4A
CB0160204020
CB0260204020
CBO360204020
CB0460204020

BOAB
CB0160204090
CB0O260204090
CBO?6020409O
CBO460204090

BOAC
CBO160204190
CB0260204190
CRO360204190
CBO46OZO419O

BO4D
CB0160205490
CB0260205490
CRO%60205490
CB0460205490

BOSA
CB0160205020
£B0260205020
CBO360205020
0B0460205020

82 STONY CREEK
46.6 4 202 1001 5000 10008400 9910282400
8400 1008089 O 1 5 2 510 70 80100 16
33555100
82 HOPEDALE LOCAL
57.5 4 202 100110000 10008400 9910288400
3400 1008089 2 510 51020 405070 16
33555100
82 SWEPSONVILLE LOCAL
29.6 4 52 25110000 10008400 9910288400
8400 1008089 2 510 51020 3040 60 16
33555100
82 BACK CREEK
81.3 4 802 400110000 10008400 99102338400
RA00 1008089 2 510 5 1020 405070 16
33555100
82 SAXAPAHAW LOCAL
56.9 4 202 100110000 10008400 9910283400
8400 1008089 2 510 51020 30 40 60 16
33555100
82 ATAMANCE CREEK
116 4 502 2501 7000 10008400 9910233400
8400 1008089 2 5 10 20 30 50 A0 70 90 16
33625100
82 SWEPSONVILLE LOCAL
63.%3 4 202 1001 7000 10003400 9910283400
Q4“0 1008080 2 5 10 20 25 40 50 60 80 16
32555100
82 STINKING QUARTER CREEK
83.1 4 802 4001 7000 10008400 9910288400
8400 1008089 2 5 10 1520 30 50 60 8 16
53555100
82 CANE CREEK
A8.1 4 602 3001 7000 10008400 9910268400
2400 1008089 2 5 10 20 30 50 4050 70 16
3355510037924100
82 TERRELLS LOCAL
7.7 4 202 1001 7000 10002400 9910268400
8400 10080%9 1 2 5 102040 50 60 80 16
31677100 .
82 BYNUM LOCAL
123.4 4 202 100110000 10008400 99102568400
8400 1008089 2 5 10 20 30 50 4050 70 16
3167710037924100
82 PITTSBORD LOCAL
68.9 4 102 50110000 10008400 9910268400
8400 1008080 2 510 20 %0 50 30 40 60 16
35763100
82 WEW HOPE CREEK
79.8 4 902 450110000 10008400 9910288400
8400 1008080 2 5 10 10 20 40 &C 90 0o 16
3167710032515100

¢-20

999999
3 0

535.6
10 0

999999
10 0

958.9
0 ©°

999999
30 O

30

999999
30 0

999999
30 0

1015.8
0 0

1151.6
10 ©

1275
10 0

999999
5 0



BOSB
CRO160205120
CRO260205120
CR0360205120
CBOA50205120

BOSC
CB0160205%90
£20260205390
CBO360205390
CBO460205390

BO6A
CBO160205220
CRO260205220
CRO360205220
CBOA60205220

BO6B
CBO160205030
CRO260205050
CBO360205030

CBO460205030

BOTA
CBO160212690
CB0260212690
CRO360212690
CBO460212690

CBO?60212620
CBO260212620
CRO%60212620
CB0460212620

BO7C
CBO160212790
CB0260212790
CBORA0212790
”RO4$O2127QO

CBO160212990
CDO26O212%9O
CBO%60212890
CBO460212890
BOTE
CB0O160213090
CB0260213090
CBO360213090
CB0460213090
BOSA
CBO160208020
CB0260208020
CBO360208020
CB0460208020
BOSE
CBO160208190
CB0260208190
CRO360203190
CBO460208190
BO9A
CB0150208220
CR0260208220
CB0350208220
030460208220
BO9B
CBO160209090
CBO260209090
CBO360209090
CROA60209090

82
111 8 4 202

82
17 4 202

25.2 4 202
98.8 4 202
8.7 4
59.7 4 202
7.4 4 202
59.7 4 152

82
61.4 4 242

56.3 4 502 250110000

50.% 4 152

82 NORTHEAST CRERK
56 4 502 250?10&00

10008400

8400 1008089 2 5 10 20 40

37069100

SEAFORTH LOCAL
100110000 10008400
8400 1008089 O 1 5 510
31677100%576%100

82 MORGAN CREEK
67 4 602 300110000 10008400
8400 1008089 1 2 5 10 20
31677100

32 LITTLE CREEK
100110000 10008400
2400 1008089 1 2 5 10 20
31677100

82 BUCKHORN LOCAL
100110000 10008400
Q400 1008089 2 510 510

5"‘7 '7‘!

82 BUCKHORN CREEK
602 300110000 10008400

8400 1008089 2 510 510
35763100

82 COKESBURY LOCAL
100110000 10008400
8400 1008089 2 510 510
BETEZT00

82 LILLINGTON LOCAL
100110000 10008400
8400 1008089 2 510 510

25763100

82 BUTES CREEK LOCAL
75110000 10008400
8400 100%089 2 510 510

35763100

DEEP RIVER
120110000 10008400
8400 1008089 5 10 20 20 30
3363010034063100

RANDLEMAN LOCAL
100110000 10008400
8400 1008089 1 2 5 15 25
3406310037097100

82 POLECAT CREBK
10008400
8400 1008089 1 2 5 10 20

37097100

82 RAMSEUR LOCAL

) 75110000 10008400
8400 1008089 1 2 5 10 20
3709710037924100

C~21

20

40

40

20

20

20

20

20

50

40

40

40

9910288400
80 90100 16

9910268400

40 50 70 16

80790100 16

9910288400

80 90100 16

9910158400
30 40 60

16

N 158400

40 50 16

9910158400
30 40 60 16

9910158400
30 40 60 16

9910238400
50 60 80
9910283400
50 60 80
9910288400
50 60 80

9910268400
50 60 80

16

16

16

16

999999
5 0

228
999999

5 0
999999

15 0
3129.4

10 O
999999

10 0

3306.9
10 0

999999
30 0

229- 5
0


























































































































































































































































































































































































































































































































































































































































































































































































