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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) model developed at the North Pacific Division of the Corps
of Engineers in Portland, Oregon. Ceontrol programming minimizes input
requirements to permit a planner with limited hydrclogic or computer
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.

In addition to simulation for present conditions, it is possible
to introduce one or more proposed reservoirs into the system to determine
the effect of operaticn of the reserveirs on downstream flows. It is .
also possible to simulate the effect of diversion of flow. It is also
possible to modify watershed characteristics and in this way study the
effect of potential development on streamflow.

NCSSARR permits a broad range of capabilities, ranging from fairly
simple simulation requiring minimal input to very sophisticated simula-
tion utilizing the full capabilities of SSARR but requiring extensive
input. Streamflow can be simulated for small relatively homogeneous
watersheds or for large streams combining flow from a number of different
areas,

The location of a point is defined in terms of the sub-basin in
which it is located and the drainage area above it. This may locate a
point at which streamflow is to be simulated, a reservoir is proposed, or
diversion is planned. The location system does not define uniquely
points within small areas, but does provide unique identification along
major streams and tributaries.

This report provides a general description of the system. A self-
contained user's guide, which is prepared for separate publication, des—
cribes use of the system, ranging from the simplest to the most complex
simulation. Other chapters deal with hydrologic and computer procedures
to implement the system, and describe a series of tests, comparing simu-
lated flows with observed records. Documentation of the programs is
provided in Appendices.
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SUMMARY

The NCSSARR system was tested first in the Neuse River basin. Cali-
bration runs were made on two sub-watersheds, one in the Piedmont and the
other in the Coastal Plain. On the basis of the parameter values thus
obtained, parameters were estimated for all other sub-basins, and simula-
tion results obtained for a 25-year period at 123 points in the basin.

Results were compared with measured flows at 8 gaging stations. The
tests showed that the quantity of the flow was reliable, and the monthly
totals agreed quite well, but timing of the flow was causing some pro-
blems and low flow estimates were too low to be useful. Watersheds with
topographic conditions intermediate between the Piedmont and Coastal
Plain also caused soms problems. ‘

Original intent in the system proposal was that it would be up to the
user to estimate required parameters. Since as the system developed, it
became necessary to prepare a complete file for the basin before any part
could be used, this is no longer practical. It was probably never desir-
able, since the knowledge of the SSARR model necessary to estimate para-
meter values exceeds that of most users.

It is necessary to conclude, therefore, that before the system can be
released for general use, it will be necessary to complete parameter
estimation and stored file creation for each basin that is required.

This has been done sufficiently for the Neuse River basin to be used on a
test or demonstration basis, but some refinement of parameter values
would be desirable before it is put to practical use.

The test results alsc showed that, although parameters obtained on the
calibration watersheds could be used on watersheds at considerable dis-
tances, the topography could not vary greatly. 1In particular, extensive
calibration will be necessary for mountain watersheds.

Potential applications of the system are considerable. It will be
possible to estimate streamflow into the estuaries; to estimate stream-
flow at a point where a sewage treatment plant is proposed; to estimate
the effect of inter-basin transfers of water such as the proposed diver-
sion of water from the Roanoke River to Norfolk; to determine the effect
of alternate reservoir operating policies on downstream flow. All of
these applications must wait, however, for parameter estimaticn and
implementation.

ix




RECOMMENDATIONS

There are recommendations for further work at three different levels
of function:

1) At an operational level, it is necessary to get the parameter
estimates and create the basin files so that the system can be used.

2) At a more basic level, more attention needs to be directed toward
the watershed simulation model. Test results indicated a failure of the
modelling concept after rains following extended dry spells. The model
needs to be modified. Alternative watershed models can also be tested
within the NCSSARR system.

3) From a practical point of view, there are limitations built into
SSARR that are likely to cause problems. For example, SSARR reservoir
regulation 1is designed primarily for day-by-day manipulation. It is not
practical to operate this way for a 25-year period, so that reservoir
operations for such simulation is not possible. Program modifications to
introduce more flexibility into the system will therefore be desirable.




INTRODUCTION

The importance of regional planning is demonstrated by the large
number of state water plans now under active development. Developers of
these plans must know how much water is available, as it varies through
space and through time.
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Simulation has been used as a tool in analysis of river-basin systems
since the early 1930's (Maass et al. 1962; pp. 324-326). Although the
general concept of modelling is much older, pracrical use for units as
large as a river bas zgquired an amount of computation not possible until
development of the 4 al computer. Since 1954, with the introduction of
the IBM 650, the capability of simulation has grown with the increased
capacity of the computers

ﬂ: i-

1962, a group at Harvard University published a study titled
Design of Water-Resource Systems (Maass et al. 1962). This study showed
how simulation could be used as a planning-tool in water resource develop-
ment, although the urilization at that time was necessarily limited by
computer limitations. The technique of simulation developed at that time
by Thomas and Fiering (Maass et al. 196Z; pp. 459-493), based on a statis-
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It was with the hope of improving this situation that the present pro-
ject was conceived. Since much of the input required for models is repeti-
tive, it was expected that control programming could take fairly simple
instructions and generate detailed model input. Parameters based on basin
physical characteristics could be stored for reuse. The goal was to simplify
input requirements so that a planner without hydrologic or domputer skills
could obtain required results, without limiting the system so much as to
preclude more thorough hydrologic studies.

The intention was to develop a system to control simulation in a river
basin, as cpposed to development of a simulation model itself. With the
large number of models already available, it seemed counterproductive to do
any original work on wmodelling. It was decided thervefore to use a model
that had already been developed.

The “treamfliow Synthesis and Reservoir Regulation program (hereafter
referred to as SSARR) was selected for this purpose. No judgement regarding
its superiority over other models entered intoc its selectica. Rather, it
was chosen because it has built-in a rather sophisticated basin-wide system
capability that few other models have. Thus the present project could con-
centrate on development of data interfacing and control simplification. 1In
the process of modification, it was found possible to introduce alternative
streamflow simulation models into SSARR.

In retrospect, it might have been simpler to have developed a complete
system, rather than to conform to conventions used by the SSARR programmers.
However, it has been comforting to rely on the proven programming already |
available, making modifications in particlilar sections as required. The
system is complex enough as it is.

enerating streamflow data, it seemed desirable
apability. Since such a capability had already
rologic Information Storage and Retrieval System
”IQARS}, it seemed MEasonable to make the same

the ohserved data. This
SARR output in the form of
dex file being created
requ;red f or 1nput to

(hereafter rtLe*“eé
processing possible
could be done most
a HISARS streamfl
by the control
SSARR were also
vert SSARR input

The resultant system has been titled the North Carolina version of the
Streamflow Synthesis and Reservoir Regulation system {(hereafter referred to
as NCSSARR). This retains the title of the orig Lal prograw while identify-
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The body of the report proceeds with a general outline of the entire
NCSSARR system, followed by more detailed descriptions of its component
parts. A separate chapter written as a user's guide provides sufficient
information for the casual user to use the system. Other chapters deal
with hydrologic and computer techniques required to install the system at
other locations. A chapter describes testing of the system in North
Carolina. Appendices provide documentation to the computer programs.



2.1. Review of the Project Proposal

In the proposal for this project, the procedure called for the
development of three major components:

"a) Simulation of precipitation data over the required areas;
b} Conversion of the precipitation amounts into streamflow
the specified points;

svstem by which simple control can be maintained,
permits inter-~basin transfers to be included."

atures of the proposed system were to include:

lzetion of locations to be simulated by simple control
optiocns:
b} Variable numbers of locations to be simulated simultaneously;
c¢) Provision for optional inter-basin diversions:
d) Provision for optional inclusion of reservoirs;
e) Location of.points to be simulated is arbitrary, whether gaged
or not."”

What was envisaged was a system In which, for each simulation re-
quirement, the complete process of precipitation data simulation, conver-
sion to streamflow and combining and routing of streamflow would be
carried through. As the system has developed, this type of operation is
possible, with the exception of precipitation data simulation. However,
a revision of approach required to implement the objectives efficiently
has led to a different type of operation, with consequent changes in the
system componemnts.

In this chapter, charvacteristics of the system will be described,
and reasons for particular design decisions will be reviewed.

cation
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2.2, Location Tdentif

dentification is

Development of a convendent system of location i
necessary for widespread use of the system. The system that is being
used does not define all locations uniguely, but specifies sufficient
cx any polnt.

information to define the hydrologic regime at

In NCSSARR, a river basin is divided into & number of velatively
homogenebus sub-basins. These sub-basins macegga”ily vary considerably
in size, typically from s few square miles to sevaral hundred square
miles. Whiie there would be advantages to ulmu7ﬁLlon accuracy in using
small sub-basins, this must be balanced with incresased computer costs.
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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 to 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 tc 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
should of course 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. Points 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 below as X-points because the prefix X is
used in their location designation. 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.

The designation system for sub-basins is relatively free. Methods
for laying out sub-basins and naming them are described in Chapter 4.
NCSSARR does however require rigidity in its operations, and an internal
numbering system is alsoc used. For most activities the user will not need
to use the internal numbers, but they are required for some purposes.

2.3. Simulation Data Storage

A number of the fesatures to be included in the system required a ‘
technique of combining flows from several sub-basins. Simulation of the
effect of reservoirs on downstream flow would require such a system.

As already indicated, it had been decided o use SSARR to the great-
est extent possible fg¢r this purpose. However, as the system developed
it became apparent that an important consideration had been overlooked.



Even with reascnably large sub-basins, sclution of a practical pro=-
blem could become excessively expensive. Suppose for example that in the
Neuse River basin of North Carolina it is required to study the effect of
alternative operating procedures for the proposed Falls dam on streamflow
at Kinston. As the Neuse River basin is now divided, there are 32 sub-
basins upstream from Kinston. With the accumulation of flows from each of
these sub-basins together with routing through the reservoir and channels,
it is estimated that a 25-year simulation would cost at least $26.30.
Consideration of more than a few alternatives would be prohibitive. Even
this cost assumes a fairly simple SSARR daily basin simulation. More
accurate basin simulation would increase the cost substantially.

It was vecognized that for most practical uses, many of the sub-
basin flows could be used repeatedly without having to be simulated each
time. T1if was decided, therefore, to store streamflows at outlets of sub-
basins and summing points, and to use these whenever possible. For the
above example, uc sub-basin simulation would be required, and the cost for
the same simulation would be $6.75. More accurate basin simulation would

not increase this cost.

A more extreme example would be if the streamflow at New Bern (the
basin outlet) were required. Without the stored files, streamflow simula-
tion in the entire basin would be required, at a cost of about $60. With
stored files, the cost would be approximately S1.

There are of course other costs associated with the file storage
system. Initial creation of the entire file for the Neuse River cost
approximately $60 and the proportionate cost of the storage device is
about $40, making a total fixed cost of 5100. It is apparent, however,
that any reasonable use of the file will compensate for this quickly.

es necessarily limits some of the flexibility

though NCSSARR permits. full use of SSARR features -
iods must be fixed, and the simulation must be

f record,

Use of stored fi
possible with SSARR {
Chapter 3). Data t

done for a common per

The form in which chserved streamflow i1s 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 iim
is necessarily a compromise bat
logic utility. Because the mo
period 1949-73, these are the
Extension of the pexlju of rec
become available.
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2.4, Precipitation Data

The project proposal called for simulation of precipitation data for
input to the watershed models, using a technique that had previously been
developed by the principal investigator. There were two principal
reasons for this:

a) Data could be simulated for each sub-basin, for most of which
there are no observed records:

b) The length of record could be extended beyond the period of
observation.

As indicated above, it was decided to limit the period of record
for routine &iq lation to 25 years, so that the second reason was unim-
portant. However, the lack of data in or near many of the sub-basins
remains of critical importance.

It was nevertheless decided to use observed precipitation data for
two reasons:

a) There were expressed needs for streamflow estimates for given
years:

b) There ig a definite need in developing the system to compare
the simulated with observed records.

The latter reason was counsidered of overriding importance for the
immediate implementation. ' It is necessary to estimate parameters for the
watershed and routing models, and this must be done with observed records.
Also, a user needs more than faith in the model developer.

iod of record does penalize the simulation
there are observed streamflow records to be

tion data. It may be hoped that for
7 8

Use of the o%e
system. In many &
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compared, there is i' 1 ecipita
stream gages in the larger river basins, the precipitation errors will
tend to cancel out and wmeaningful comparisons can be made. Results of
such testing are given in Chapter 6.

2.5. SSARR
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The Streamflow Synthesi Raeservoivr Regulation (SSARR) program
was developed by the Nor ac“f’” Division of the U.8. Army Corps of
Engineers (Rockwood, 1968). The system has beszn used on large complex
river basins including the Columbia and Mekong River is currently

ve
being used for operaticnal forecasting in the Pacific No




The system is much too complex to describe here in detail., Excel-~
lent documentation is available in the Program Description and User Manual
for SSARR, (U.S. Army Engineer Division, North Pacific, 1972) which may be
obtained from the division office in Portland, Oregon. A general know-
ledge of SSARR is necessary in order to understand NCSSARR, so a brief
outline of the system 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) Watersheads:

b) Lakes and reservoirs;
¢)  Channel reaches:

d) Summing points.

This process is illustrated in Figures 3.1-2, in which a section of
the Neuse River basin has been converted into its SSARR components. The
actual selection of basins is to a considerable extent arbitrary. Each of
the basins indicated could itself be subdivided if required. On the other
hand, making the basins much larger could introduce excessive heteroge-
neity 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 medel for accumulating and routing streamflow
through channel and lake storage:

¢) 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. Runoff is divided into
base flow and direct runoff by BII - the base flow infiltration index.
Direct rumoff 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.
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3) The only ways by which water leaves the watershed are by evapo-
transpiration and streamflow. Evapotranspiration may be limited either
by rainfall or by low soil moisture content. If there is groundwater flow
into or out of the watershed, this is lumped with the evapotranspirationm,
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
a given value of the soil 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
rather than by calculation,

6) The SMI relation relates the runoff percentage (ROP) to the soil
moisture index, optionslily 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 5-85 relation relates the rate of runoff to the rate of
direct runoff. This is generally set so that subsurface runoff is domi-
nant at very low direct runoff rates, but as the rate of direct runoff
increases, the sub-surface runoff becomes constant and the excess is sur-
face runoff.

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 to produce a desired hydrograph form. Rout-
ing 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 Carolina, the procedure has not been
evaluated.

The river system model organizes the components of the river basin
as in Figure 3.2. This regquires 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:

8§ =T 0.
]
The proportionality factor Ty is referred to as the time of storage. For

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

_ (x15)
S n

Q
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where KTS is an empirically determined constant;

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

Alternatively, it is possible to specify any complex relationship of Tg4
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 rums 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.

There are other options available to reduce input requirements,
most notably for reading stored data. In the revised form used with
NCSSARR, however, data are obtained directly from HISARS files, so these
options are not used. Other features of SSARR are described in Chapter 3.

2.6, HISARS

The Hydrologic Information Storage and Retrieval System was develop~

ed at North Carolina State University (Wiser, 19753). The system is
designed for storage, retrieval and routine processing of hydrologic data.

St }:
s ﬁ

Data listing and processing functions have been used widely for
observed data, and many users have become familiar with its use. It
seemed reasonable, therefore, to use these same capabilities om 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 deVQioped for HISARS. Although
data could be converted from HISARS format to SSARR format before pro-

cessing by SSARR, it is more efficient to revise SSARR to read the HISARS
files directly, and this has been done for the versionm of SSARR used in

NCSSARR.

A
-

HISARS uses an eight-diglt 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 chavacteristic) a number trans-~
lation to convert the internal (SSARR) code to the exterunal (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 the simulated streamflow cutput
produced by SSARR.
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2.7. 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/0pl/0p2
RESERVOIR/opl/op2
DIVERSION/opl/op2
RETURN/opl/op2
TEST/opl/op2

PERIOD mi/yyyl TO m2/yyy2
HISARS

*In addition, SSARR and HISARS control cards are accepted under restric- -

tions outlined below. (The command language is described in more detail
in Chapter 3.)

The purpose of the first four commands is to specify where stream-
flow records are required and where a reservoir, diversion or return
point is to be located. In each case, the first operand specifies 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 STREAMFLOW 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. TIf 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. Reservoilr diversion and return point character-
istics 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.

12




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 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 wmust be created, the upstream point must
be identified, and configuration cavds 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 re-
quired depends on the specificdtion, but in general, watershed, channel
reach, reservoir and diversion characteristics will be required. Configu-
ration 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 different 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. 1In cases where this is re-
quired, either the sub-basin must be sub-divided or complete SSARR control
cards can be given.

CONTROL uses four pearmanent data sets to obtain the information
required for the above cperations. 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 veach and transfer
point characteristics, and furnish the configuration information required
- by SSARR.

2.8. System Outline

This section is presented for the purpose of identifying the rela-
tionships between the various parts of the system. The textual material
is also illustrated in Figure 2.2.
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Fortumately for the casual user, an alternative exists for the case
where several job. steps are required. The required job control language
statements are prepared in the form of a procedure, and stored in a proce-
dure library. To illustrate the convenience of the system, the following
example provides the complete card deck required to simulate the effect of
the ¥zlls reservoir on streamflow at Kinston:

A< nome  J0B aao. bbb coocoo.uname. M=1
SoHPROCLIB=MCS.BAE. 12023 . LISER.S5ARLIB
o EXEC MCSSaRE
Z7GB.5YEIN DD ow
STREAMFLOLL-IBSK
RESERVDIR-®JIGIL
(resarvoir operoting choroacteristic cords)
HIZRRS
LIST DRILY
FOR

~

For this job, CONTROL will provide the complete control input for
SSARR and HISARS, and processing will ensue with a return code of 0., A
daily listing of resultant streamflow at Kinston will be produced by

HISARS.
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NCSSARR SYSTEM USER'S GUIDE

3.1. Introduction

NCSSARR ig a system that has been developed to simulate streamflow
at any point in a river basin. The simulated record may be used to obtain
standard statistical values, low flow estimates, duration curves and
similar statistics at the point, or may be stored for further processing.

This guide has been prepared to acquaint the user with simple tech~
niques for use of the system. More complete information on the system is
contained in the project report.

Material is presented in increased order of complexity. The reader
1s encouraged to proceed only as far as necessary to meet his require-
ments .

3.2, Location Identification System

Each river basin has been divided into a number of sub-basins which
are small enough to consider to be homogeneous hydrologic units. An
example is shown in Figure 3.1 for the Neuse River sbove Falls., TFlgure
3.2 is an abstract representation of the same area, showing the flow
links between the sub-basins.

Bach large circle represents a sub-basin with its identification
code. Under it in parentheses is the area of the sub-~basin. Each small
circle represents a summing point at which flows comes together from
two or more sub~basins. These have an identification code with an X pre-
fix, and the total upstream area in parentheses.

Along each main channel there are sections called channel reaches,
indicated by a rectangle. In these reaches, flow is routed from the up-
stream point to the downstream point, and flow that enters from the sides
as local inflow is assigned a sub-basin which is assumed to outlet at the
downstream point. In some cases, two summing points are so close to-
gether that it is assumed that there is no channel reach between them,
and neither routing nor local inflow is assumed in the section.

Reservoirs are indicated by triangles and use the same X-designation
as used by the symming points.

The location of a point located inside a sub-basin is specified by
the sub-basin identification code and the upstream watershed area. The
outlet of the basin is specified by the sub-basin identification alone, and
a summing point or reservoir is spedéified by the X-designation. Examples
are given below.
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3.3. Streamflow Simulation

A request for streamfiow simulation at a point is made by the command
STREAMFLOW /opl/op2
where opl is the identification code, and op2 is the watershed aréa, if
required. (If op2 is omitted, the preceding slash should also be
omitted.)

The following examples illustrate the various alternatives:

a) Neuse River near Northside -
STREAMFLOW /XJO01H

b) Outlet of Little River =
STREAMFLOW/JOLB

c) Area of 59.5 square miles on Flat River -
STREAMFLOW/J01C/59.5

d) Area of 24 square miles within Bayleaf local sub-basin -

STREAMFLOW/J01K/24

e) Area of 700 square miles on Neuse River between Bayleaf and
Falls -

STREAMFLOW/JO1K/700

Whenever a point is located within a sub-basin, the area specified
must be less than the value given for the sub-basin area in the figure.
However, if a point is located along one of the channel reaches, the area
specified must be greater than that specified at the upstream point, and
it cannot exceed that value by more than the area of the local sub-=basin.
In example (&) above, the area must be between 676 and 770 square miles.
Similarly, for a point on the Eno River between Willardville and Fairntosh
the area must be between 256 and 262 square miles.

NCSSARR stores simulated records for the outflows of all sub~basins
and streamflows at all summing points. The processing that 1s required
depends on the location:
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a) If streamflow is requested at a basin outlet (no watershed area
specified), the record is simply retrieved from storage for maximum
efficiency; - :

b) If streamflow is requested within a sub-basin (area less than
sub-basin area), streamflow is simulated for the partial sub-basin;

c) If streamflow is requested within a channel reach (area greater
than the upstream area), streamflow is simulated for the partial "local
area, upstream flow is routed through the partial reach, and the two are
added together, '

1) The word STREAMFLOW must start in Col. 1 of the card.

2) The identification code must be preceded by a slash, which may
be preceded and followad by blanks. An identification code must be
given.

3) The watershed.area, if given, must be preceded by a slash, which
may be preceded and followed by blanks. The watershed area must be given
in square miles.

4) Up to 15 locations may be specified in a single job. However,
no more than one may be specified within a single sub-basin.

5) Each streamflow request must be on a separate card.

3.4. Limiting the Period of Record

NCSSARR simulation has been made more efficient by storing simulated
records for basin outlets and summing points. These records have all been
simulated using rainfall data for a fixed 25-year record (January 1949 -
December 1973). If it is desired to obtain values for a shorter time
interval during that period, the command

PERIOD ml/yyyl TO m2/yyy2

is used, where ml and yyyl are the beginning month and year, and m2 and
yyy2 the ending month and year respectively.

Note that for normal NCSSARR use, ml/yyyl must be no earlier than
1/1949, and m2/yyy2 no later than 12/1973. Optional facilities permit
simulation for other time periods.

20




1) The word PERIOD must start in Col. 1 of the card.

2) The remainder of the card format requires for each date a slash
preceded by the month and followed by the year. Blanks should separate
PERIOD and the two dates, but the intermediate word is not required.

3.5. HISARS Processing

Simulation of records must be followed by some type of output. Al-
though other types of output are available (Section 3.10.9), HISARS pro-
cessing is most convenient. Since HISARS can also be used to process
observed records, comparisons between simulated and observed records can
be conveniently made.

HISARS processing is requested by the command
HISARS

followed by HISARS commands to specify the type of processing desired.
The following facilities are available:

1) LIST MONTHLY - produces a listing of monthly totals;
2) LIST DAILY - produces a listing of daily averages;
3) COPY - produces a copied form of output for use in FORTRAN pro—
grams;
4) PROCESS - indicates that one ot more of the following forms of
processing is required:
a) DAILY STATISTICS - computes standard statistics for daily
averages;
b) MONTHLY STATISTICS - computes standard statistics for
monthly totals:
c) DAILY FREQUENCY - computes standard statistics and a cumu-
lative frequency distribution of daily averages;
d) MONTELY FREQUENCY - computes standard statistics and a
cumulative frequency distribution of monthly. totals;
e) RANK ORDER ~ lists the largest daily averages in ranked
order;
f) MONTHLY MASS ANALYSIS -~ plots the accumulation of monthly
totals through time;
g) MINIMUM FLOW ANALYSIS -~ computes the average minimum flow
for periods of variocus lengths;
h) MAXIMUM FLOW ANALYSIS - computes the average maximum flow
for periods of various lengths;
i) FLOW DURATION TABLE - tabulates the number of days that the
flow was within various class intervals:
j) FLOW DURATION CURVE - plots the frequency of discharge
greater than given rates.
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Additional information on these facilities including optional parameter
usage is given in the HISARS Reference Manual (Wiser, 1975).

- All of the HISARS commands and processing requésts start in Col. 1.
Users should note that the ACCESS, ELEMENT and Station commands normally

required by HISARS are generated automatically by NCSSARR and should’
therefore be omitted.

Correct use of HISARS is illustrated in the example below:

3.6, Complete Job Reguirements

The following card deck is all that is required to simulate stream<
flow at the outlets of Knap of Reeds Creek and Beaverdam Creek and to
obtain HISARS listings of the monthly totals and of the largest daily
average flows:

S jnmme JOB goo.bibdb.cooco.unama.M=1
<o¥FROCLIB=HCE.BRE, IZBZ5.LIISER . S5ARLIE
ey EXEC  NLCSSARRE

S7GLEYSIN DI ok

STREAMFLOWATALF

STREAMFL Wb~ J6 1

HISARS

LIST MOMTHLY

PROCESS

RAME ORDER

S

I

The'job control deck consisting of the first four and last two
cards is all that is required for all NCSSARR runs, although certain
optional features require additional cards.

1) The JOB card contains two slashes in Col. 1-2 followed by a job
name, one or more blanks, the word JOB, one or more blanks, the account

code and user name.

25 The second card should be punched exactly as shown .starting in
Col. 1 and without any blanks.

3 The EXEC card contains two slashes in Col. 1-2 followed by one
or more blanks, the word EXEC, one or more blanks and the word NCSSARR.

4) The fourth card contains //G.SYSIN starting in Col. 1, followed
by one or more blanks, the word DD, one or more blanks and an asterisk.
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5) The last two cards contain /% and // starting in Col. 1. The
rest of each card should be blank.

3.7. Reservoir Simulation

A request for simulation of a reservoir at a point is made by the
command

RESERVOIR/opl/op2

where opl and opZ are exactly as defined and used under Streamflow Simu-
lation above. TFor example, to simulate a reservoir at the outlet of
Beaverdam Creek, the card would be

RESERVOIR/JOLJ.

NCSSARR supports reservolr regulation facilities of SSARR, with the
exception of the backwater cption. It is possible to specify initial
capacity and outflow, and the reservoir may be operated as a free-flow
lake, either with ocutflow equal to inflow or with one routing phase.
Alternatively, reservoir operation can be complately controlled, with out~
flow, elevation, storage or rate of change of any of these specified for
different periods of time.

The number of alternatives necessarily introduces some complication
in the card formats, and a discussion is deferred to a later section on
optional usage. For simplicity, NCSSARR defaults to free-flow operation
with an initially empty reservoir. Specifications below are for the
default conditions.

Specifications

1) The word RESERVOIR must start Col. 1 of the card. Other specifi-
cations for the RESERVOIR card format are the same as those for the
STREAMFLOW card above.

2) At least one downstream streamflow simulation point must be
specified.

3) The RESERVOIR card must be followed by a table which relates
elevation to storage and outflow for the veservoir. Two points are
punched on each card, as many cards being used as are required to com~
plete the table. Elevations must be ordered from lowest to highest, the
first value given being the minimum pool elevation and the last the maxi-
mum pool elevation. If no discharge capacities are given, outflow is
assumed equal to inflow. Card format for the table is as follows:
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Col. 1-2: Cl
Col. 3-4: Card sequence number
First peint
Col. 17-23: Elevation as xxxxx.Xx feet
Col. 24-30: Discharge capacity in cfs.
Col. 37-45: Storage in acre-feet
Second point
Col. 46-52: Elevation as xxxxx.xx feet
Col. 53-59: Discharge capacity in cfs.
Col. 66-74: Storage in acre~feet

3.8. Diversion/fReturn Simulation

A request for simulation of diversion of flow from or return to a
point is made by the commands

DIVERSION/opl/cp2
RETURN/opl/op2

where oﬁl and op2 are exactly as defined and used under Streamflow Simu-
lation above. TFor example, to simulate a diversion from the outlet of
Beaverdam Creek, the card would be

DIVERSION/JO1J.

- NCSSARR supports diversion facilities of SSARR, which assumes the
rate of diversion {(and return) is a function of the streamflow at some
point, usually but not necessarily the point of diversion. NCSSARR
requires that if the control point is not the point of diversion, it must
be either a stored point, i.e., without area specified, or an upstream
point, i.e., with a lower internal station number.

A return flow can be gpecified in the same way as a diversion. The
return flow can be made a function of the flow at the point of return, of
any other (stored) point, ¢r of the preceding diversion. 1In the latter
case, NCSSARR assumes a routing delay of one day between diversion and
return.

The functional relationship between diversion/return and streamflow
may be specified in either of two ways:

a) as a fixed percentage of the flow;
b) by a tabular relationship.
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1) The words DIVERSION or RETURN must start in Col. 1 of the card.
Other specifications are the same as those for the STREAMFLOW card.

2) At least one downstream streamflow simulation point must be
specified. If the point of diversion and the point of return are in dif-
ferent basins, a downstream streamflow simulation point in each basin is
required.

3) The functional relationship between diversipn/return and stream-
flow is specified by a card with format: '

Col. 1-4: Cccoz
Col. 30-34: Control station code, left justified

a) If the control point is the point of diversion or return
leave this field blank.

b) If the return flow is to be a function of the preceding
diversion,’ punch DIVER.

Col. 36-39: Control station relation
Col. 40-43: Control percentage

a) If the functional relationship is a fixed percentage, leave
Col. 36-39 blank and punch the percentage in Col. 40-43.

b) If it ie a tabular function, punch the table number (see
below) in Col. 36-39 and punch 0100 in Col. 40-43.

4) If a tabular relationship is used, the table must be given.
The card format is:

Col. 1-2: CT

Col. 3-4: Sequence number

- Col. 10-13: Table number (four digits, start with 99)
Col. 19-26: First word

Col. 27-34: Second word

Col. 35-42: Third word

-

Col. 67-74: Seventh word.

The first word on the first card must be a 2. Thereafter, for each point
in the table, two words are used: the first is the control station flow
and the second is the diversion/return flow. As many pairs of words are
used as required, continuing on additional cards as necessary without
leaving any words blank until the end of the table.
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5) If the return flow is a function of the diversion, and the
return point is upstream from the diversion, NCSSARR requires that the
control point for the diversion be either stored or upstream from the
return point, and tabular relationships may not be used for both rela-
tions, i.e. at least one must be a fixed percentage. If the return
point is downstream from the diversion, there are no restrictions.

Example: A withdrawal of water is to be made from the Flat River above
Lake Michie. The withdrawal will equal streamflow below 50 cfs, and 50
cfs otherwise. 307 of the withdrawal will be returned to the Eno
River near Willardville. The following cards are required:

DIVERSION/JOLC

cCco2 99010100

CTO1 9901 2 0 0 50 50 9999999 50
RETURN/XJO1D

cco2 DIVER. 0030

3.9. The TEST Option

A unique feature of SSARR pérmits the compariscn between observed
and simulated records not only of rates at perdodic intervals, but also of
accumulated flow. This is done by adding simulated flow into a synthetic
reservoir and subtracting observed flow. By specifying. the proper stage-
storage relation, the depth of water in the reservoir may be directly
interpreted as watershed dinches. A printed plot showing observed and
simulated flow rates and reservoir elevation is useful for fitting para-
meters and testing results. - :

This feature of SSARR is supported in NCSSARR by the TEST command
TEST/opl/op2
where opl is the U.S. Geological Survey station for the observed record,
and op2 is the watershed area (required to specify the stage-storage rela-
tion).
Specifications

1) The word TEST must start in Col. 1 of the card.

2) The observed station number must be preceded by a slash, which
may be preceded and followed by blanks.

3) The watershed area must be preceded by a slash, which may be
preceded and followed by blanks.
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4) The TEST cption may be used only once in a run. The simulated
record used in the comparison is that specified by the first STREAMFLOW
control card, which must precede the TEST control card.

5) The printed plot uses a flow scale of 0 to 10000 cfs by default.
To change the maximum, punch the required value in Col. 51-57 of the TEST
card.

6) The printed plot uses a volume scale of -25 to 25 inches of
accumulated difference between simulated and observed flows. To change
the limits, punch the required minimum in Col. 61-67 and maximum in Col.
71-77 of the TEST card.

7) To suppress the printed plot, punch 'NO' in Col. 51-52 of the
TEST card.

3.10. Additional Features

A number of additional features increase the utility of NCSSARR.
They have not been introduced previously because they in general compli-
cate use of the system. The user is urged to become familiar with
features discussed above before attempting to use this section.

- These features extend the capabilities of NCSSARR to make full use
of SSARR. This requires that the simplified command language of NCSSARR
be replaced to a greater extent by SSARR control cards. One option even
permits total use of SSARR control cards.

Except for the all-SSARR option, additional features are obtained
by overriding the NCSSARR defaults., The NCSSARR command can usually be
followed immediately by the modifying SSARR control cards. In such cases,
NCSSARR will £i11 the correct station number into the station number -
field of the SSARR control card, so that it should be left blank. Over-
riding information applies only to the basin or reach upstream from the
point.

In other cases, the SSARR cards either cannot directly follow. the
NCSSARR command, or are unrelated to any such commands, so that the
station number must be given. The user should understand that the inter-
nal station number (an 8-digit number) must be used rather than the sub-
basin identification codes. The internal numbers may be found on certain
listings, or may be obtained by making runs with NCSSARR commands.
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NCSSARR generates the heading "Streamflow Simulation" on output. If
the user desires another heading, this can be obtained by punching the
heading on a card, leaving Col. 1 blank, and putting this card first in
the control deck.

The heading and certain output options are controlled by the SSARR
JOB card. This card can be punched according to SSARR requirements
(Section 3.12.1), and put first in the control deck.

if it is desired to bypass NCSSARR control totally, the whole SSARR
deck is prepared according to SSARR specificadtions except that Col. 1-4 of
the SSARR JOB card should read "JOBS". This option would be necessary if,
e.g. a different period of record were required or a single sub-basin
was to be broken down into smaller units,

When any of the STREAMFLOW, RESERVOIR, etc. commands are given with
a sub-basin specified, a group of four cards are retrieved from a perman-
ent file. These four cards (the CBOl, CBO2, CBO3 and CBO4 cards) contain
parameters and relation identification for the sub-basin. This informa-
tion can be overridden by following the command with one or more of the
four cards as desired. The station number will be filled automatically
so it should be omitted. If a new tabular relation is required and it is

not known to be stored, it will also have to be punched to follow the CB

cards.

Routing characteristics for a channel reach are on two cards (the
CROL and CRO2 cards) which are stored on a permanent file. When NCSSARR
determines that routing through a reach is necessary during simulation,
these cards are retrieved. Both must be replaced. Since they are un-
related to any command card, they may be placed together anywhere in the
deck, and the internal station number must be used.

28




Reservoir characteristics are on two cards (the CLOl and CLOZ
cards), which are created by NCSSARR as a result of the RESERVOIR command
for planned reservoirs, or stored on a permanent file for existing reser-
voirs. To modify an existing reservoir, overriding cards should be
placed together anywhere in the deck, and the internal station number
must be used. For a reservoir specified on a RESERVOIR command, over-
riding cards should be placed immediately after the RESERVOIR card and
the station number omitted.

Reservolr simulation as described previously defaults to operation
as a free flow lake. It is possible to specify completely controlled
operation of the reservoir by use of 6P and 65 cards. Outflow, elevation,
storage or rate of change of any of these may be specified on a RESERVOIR
command; overriding cards should be placed right after RESERVOIR card and
the station number omitted. For existing reservoirs, the internal station
number must be given.

Another option which is a modification of SSARR, permits: the table
relating elevation to storage and outflow to be wvarled at different times
of the year. This option effectively permits varying the rule curve for
the reservoir.

For this opticn, a table is prepared for each period, as described
in Section 3.7. The minimum and maximum pool elevations must be the same
for each table, but immediate elevations need not match, and the number of
points in each table need not be the same.

On the first card of each table, the following additional information
is required:

Col. 33-36: The last day in the period x 10.
Col., 62-65: The number of points in the table x 10,

Leap year is ignored, so that the last day of the last periéd should be
365,

3.10.8. Modification of imitial conditions

Initial conditions are specified on! 2B, 2R and 2L cards for water~
sheds, channel reaches and lakes respectively. Default conditions assume
that soil moisture is half full but that reaches and reservoirs are empty-.
Overriding cards should be put right after command cards to which they
refer with station number omitted, or with internal station number given.
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SSARR has a number of output options availsble. Listings at
periodic intervals (e.g. daily) of watershed conditicns and at the
various points being simulated are available, but these listings
are very long and should probably be used only for parameter fitting.
A printed plot of flows at the same intervals is also available, and
is of particular interest when flows at several points are to be
compared,

The watershed condition listing is obtained by changing a control
parameter on the CBOl card. Printed plots and listings of streamflow
output are obtained using PL, PE, PH and PR cards. These cards must be
punched according to the SSARR specifications and internal station
numbers must be given.

The test option is normally used to compare simulated with observed
flows. It may be used in combination with reservoirs and divérsions, so
that it is possible to compare flow without modifications to flow with
modifications. It is necessary only that the former be stored.

If the flow without modifications is an observed record, the format
of Section 3.9 is used. If the flow without modifications is also simu-
lated, the name of the file (usually 'RSIM') should be punched in Col. 41-
44 of the TEST card. Other options can be used as in Section 3.9.

3.11. SSARR Card Ordering Requirements

The following major groupings of cards must be in the sequence
given. NCSSARR automatically creates this ordering.

1) Job card - initiates processing and specifies some control
options, also specifies the heading to be used on printed output.

2) Tables, and rainfall and streamflow station characteristics -
includes the tabular functions used by the watershed model.

3) Configuration control - specifies the way the major components
of the basin are linked.

4) Time control - specifies the period of record for the run.
5) Heading card - used for optional subheadings.
6) 1Initial conditions and time dependent data - specifies initial

so0il moisture conditions in basins and initial storage in lakes, also
data that change during the run.
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7) Output control options, including printed plotting and listing
of results.

8) End card-terminates execution of the run.

3.12. SSARR Card Format Specifications (as used with NCSSARR)

There follow specifications for SSARR control cards abstracted from
the SSARR user manual, with the exception of certain modifications
required by NCSSARR. Further information on use of the cards may be
obtained from the manual. Modifications are identified with an (%*).

Card Column

1 Card Code "J".
2-4 Not processed - but see Section 3.10.3. (%)
5~13 Job number. - This numeric field is printed in the headings

produced by SSARR.
14~19 Run date. Numeric field, printed in the SSARR report head-

ings.

21 Trace code. Used for program debugging. T1f non-zero,
several SSARR subprograms print messages for tracing flow of
control.

22 Heading code. (Not used by NCSSARR) (*)

23 Disk file printout code. The fixdd characteristics, initial

conditions, and time dependent data may be printed. A "1"
suppresses printing, while a blank, "0", "2" or "3" cause
printing at various time points. (See SSARR manual.)
24 Characteristic file control (%)
If a "1" or "4" is punched, characteristics and tables in
the stored characteristic file are used.

If a "7" is punched, characteristics and tables are
available from storage, but are not rvewritten into
storage at completion of the run. (%)

25-33 Various SSARR codes. (Not used by NCSSARR) (%)

34 Print suppress code. If non-blank, run description printouts
are suppressed. These include the station list, time control
description, and a message identifying input data nct used.

41-80 Job description. Printed in report headings.

The table gives the relationship of a dependent 'variable to two
independent variables. Consider a family of curves drawn on an X,
Y coordinate grid. Each curve represents a different value of Z.
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Then Z is the second independent variable, X is the first
independent variable, and Y is the dependent variable, For
example, on the SMI relation X is SMI, Z is rainfall intensity,
and Y is runoff percentage.

The card format contains seven fields. The first field contains
the value of the second independent variable for the card. The
remaining six flelds are pairs of values (first independent,
dependent variable, respectively) describing three points on the
second independent variable curve. The X, Y points on a card must
be in ascending sequence of X values. The CF cards must be in
-ascending sequence of Z values. (CF cards with the same Z values
must  be in ascending sequence of X values. All of the cards for a
CF table must be together. ' ‘ '

Card Celumn

1-2 Card code "CF".
3-4 Sequence number (not processed by program).
10-13"Relationship identifying number.
19-26 "Z" value for card.
27-34 X value of first point.
35-42 Y value of first point.
43-50 X value-of second point.
" 51-58 Y value of second point.
59-66 X value- of third point.
67-74 .Y value: of third point.
75-80 Not processed -~ may be used for comments.

3.12.3. CT, Table
This is the generalized table card format used for imputting rela-
tionships in several forms. Each relationship (soil moisture index,
evapotranspiration index, etc.) has a specific format that must be
followed in the preparation of the CT cards to load that relation-
ship.

'The first word of the flrst CT card of the relation determines the .
number of words per pOLnt in the table. Only a 2 or 3 may appeat
in this word.

1f the first wo:d of the first card contains a two, the relation is
interpreted as a table with two words per point. Words two and
three of the first card are the independent and dependent variables,
respectively, of the first point in the table. Words four and five,
-six and seven, and etc. aré additiomal points in the table. The
‘independent variable must be in ascending sequence. A decimal may
be punched in the word, and the word may be made negative by insert-
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ing a minus sign preceding the first significant digit.
Card Column

1-2 Card Lode e,

3-4 Sequence number. (not processed by program).
5-9 Must be blank.

10-13 Relationship identifying number.

14~18 Not used.

19-26 First word on card.

27=34 Second word: on card.

35-42 Third word on card.

43-50 Fourth word on card.

51-58 Fifth word on card.

59-66 Sixth word on card.

67~74 Seventh word on card.

75-80 Hot processed, may be used for. comments.

This card is used to identify complete identification numbers and
file names for records on external files. (%)

Card Column

1-2 gLard code "CPV, ‘
10-13 Internal- (SSARR) number for rain gage, blank for stream gage.
(*) X '
33~36 DDNAME of external file. (%)
41~48 Statlon identification number. (%)

Card Ceclumn.

1 Card code "C". :

2 River station type. 'B" = Watershed, "R" = Reach, '"L" = Lake,
"C'" = Transfer Point. )

3-4 Must contain "@1" for card identification.

5-~13 River station or watershed identifying number.” Must be
numeric non-zero, does not have to be 9 digits in length.

19 Special Process Code, (Not.used by NCSSARR). (%)

21 River model output code. SSARR.can produce output in several
forms. An "8'" on the CBOL card suppresses watershed model
output, blank on other cards suppresses output. A "1'" causes
printing. For other codes, see SSARR manual.

23 Initial condition output code. Punch "2". (%)
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© 24-26 3~variable transfer point code. (Not used by NCSSARR.J (%)
31-74 Station name and description. Printed on all reports for
this statiomn. ' ‘

__.._._...___..._.___.,.._...__._......_..__._..___.__.__.___.__._.-_—

Card Columnin

1-4 Card code "CB@2".
5-13 Watershed station number.
~ 15-20 Drainage-area in square miles.
21 Number of surface routing phases.
22-25 Surface time of storage as xxx.x hours
26 Number of subsurface phases.
27-31 Subsurface time of storage as xxxx x hours.
32 Base flow routing phases.
33-37 Basa flow time of storage as xxxx.Xx hours.
3§~&3‘3a$% flewoeﬂfz,_laalon Index time ‘of storage for rising dis-—
charge as xxxx.x hours. (TSBII), ‘
44=47 Table number of precipitation (incles/day) vs. KE relation .
(or SMI vs. DKE with daily ETI). : ;
 48-51 Snow-depletion table number. (Not uwsed by NCSSARR) (%)
52-55 Punch " 99", x“) ' : _
56~59 Table number ¢f Month vs. Evapotranspiration Index.
60~63 Table number of 3 il lolsta*e Index vs. Runoff Percent

relation.
64~68 Base flow Infiltration Index time of storage for fa]llng
‘discharge as xxxx.x hours. (TSBII)

71-76 Upstream drainage area in square miles. For headwater and
tributary areas, use 999999. (*) . -

3. 12 7. CB@3, Thlrd watershed characteristic card

Card Column

1-4 Card code "“"CBOH3".

"5-13 Watershed station number. ; .

15-18 Table number of Outflow vs. Surface Time-of-storage.

19-22 Table number of Baseflow Infiltration Index vs. Percent of
Runoff to Baseflow.

23-27 Maximum BII xxx.xx inches/day. ,

28~31 Table number of Surface-Subsurface total vs. Surface com-
ponent. "

32-74 Snowmelt factors not used by NCSSARR. (%)
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Card Columm

1-4 Card code '"CB@4G".

5-13 Watershed station number.
19 Data code, '"3" for precipitation stations

20-23 Hydromet station number

24-26 Weight in percent (xxx.).

27-34 Data code, station number and weight for second station.
35~42 Data code, station number and weight for third station.
43-50 Data code, station number and wéight for fourth station.
51-58 Data code, station number and weight for fifth station.
59-66 Data code, station number and weight for sixth station.
67-74 Data code, station number and weight for seventh station.
75-80 Hot processed, may be used for comments.

Note: HEntries ave punched for as many stations as required.

2.9. CRP2, Second reach characteristic card

Card Column

1-4 Card code "CRE2.

5-~13 Station number.

26-27 Number of routing phases {(must be greater than zero).

28~31 n wvalue for KTS/Qﬁ computation as x.xxx. If n is zero, the
time-of-storage is extracted from the stage-discharge table
("C1" table).

32-37 KIS value as xxxx.xx hours. (required if n is non-zero)

3.12,10. .CLP2, Second lake/reservoir cbaracterlstlc card

Card Column

1-4 Card code "CL@2".

5~13 Station number.
15-24 Backwater codes. (Not used by NCSSARR). (%)

38-44 Maximum pool elevation (upper bound) as xxxxx.xx feet.
45-51 Minimum pool elevation (lower bound) as xxxxx.xx feet.

Card Column

1-4 Card code '"CCB2".
5-13 Station number.




15

16-24

26-34

36-39

4043

Sign reverse code. If column 15.is non-zero, computer out~-
flows for this station are multiplied by -1.

Local station. If this field is non-zero, it is assumed that
this local station has already been computed. The difference
between the inflow and outflow at the local station is assumed
to be contributed by this transfer point.

Adjacent station number. If this field is non-zero, the
transfer point will have outflows dependent upon the adjacent
station's outflow, which are assumed to have been already
computed.

The adjacent station relation. -This relation allows the
outflow st the transfer point to be other than a simple per-
centage of the adjacent station outflow. This relation is
loaded on CT cards with format code of 2. The first word of
each table point is adjacent station outflow, the second word
is the station outflow (the depeﬁdent variable). 1If used,
enter 0100 in Col. 40~ ”30 If column 36--39 is blank, the

fy ”@r point outfliow is the product of the adjacent station
cutflow and the percentags in columm 40-43,

Adjacent relation percentage. This percentage is multiplied
by the result from the adjacent relation. If no relation-is
provided this percentage is multipliied by the adjacent sta-
tion cutflow.

__‘__w...____.,...a._.,._,._mb_‘.w___.

The stage-discharge relaticn must be in ascending elevation
sequence. Each card contains two table points,

"Card Column

1-2
34
5-13

17-23

24-30
31-36
37~45

46~52
53-59
60-65
66-74
75-80

Card code "C1",
Card. sequence number.
Station number.

First point:

Elevation as xxxxx.xx feet.
Discharge capacity in CFS.

Time of storage as xxxxxX.X hours.
Storage in acre feet.

Second poinf:

Elevation.

Outflow capacity.

Time of storage. .

Storage.

Not processed, may be used for comments.
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Card Column

1

2=4 -
5-13
15-23

25-33

35-43
45-53
55-63
65-73

Card code "P",

Card sequence number (not processed).

Primary station number.

Station number of station receiving outflows from the primary
station (the station which is immediately downstream from the
primary station).

Station number of an additional station receiving the prlmary
station outflow.

Second additional downstream station.

Third additional downstream station.

Fourth additional downstream statiocn.

Fifth 'additional downstream statiom.

The. six downstream srathﬁ number flexd@ must be used from left to

right.

The program locks at field 15-23 first, and if it is zero,

assumes the rest of the card is unused.

There

may not be more than one P card with the same station number

in columns 5-13.

3.12, 14 T,

Tlme COHELOJ card

Card Column

Ur N

17-28
29-40.
41-52
53-61

62~80
Note:

Card code "T",

Must be blank.

This time, date, and hours per period specification are: the
run start time, and the first hours-per-period to be used in
the run. The field is broken up as follows:

5-7 Hour of day in tenths of hours (6 a.m. is punched 060).
8-9 Day.
10-11 Month. N :
12-13 Year. This two digit vear number is assumed to fall
R between 1900 and 1999.
14-16 Hours per period in tenths of hours (12 hour period is
punched 120). -

Second date-~period specification.

Third date-period specification.

Fourth date-period specification.

Last date (if all hours-per-period fields are non-zero, this’
field must contain the run-end time.)

Other fields not used by NCSSARR. (%)

The first date-period specification containing a period hours

“0f zero is assumed to be the run end-time.

37




Pudiashuny iyl

Card Column

1-4 . Card code '"2BQ@".
5-13 Station number.
Hour Day Month Year

15-23 Time as, xx.X DD MM YY .

24-27 Table number of rainfall daily distribution.

28~32 Initial soil moisture index ag xxx.xx inches.

33-37 Initial Baseflow Infiltration Index as xxx.xx inches/day.
38~41 Table number of ETI daily distribution. (%)
- 42-80 Other fields not used by NCSSARR. (*)

Note: Daily distributions are loaded on card code 5 (Sectlon
3.12.19).

Ak el - Sl

Card Column

1-4

5-13
15-23
24

25-31
32-38
39-45
46-52
53-59
60-66
67-73
74-80

Card code 2BP27 v2BY3", or ['ZBEHA™.

Station number.

Time .of initizl condition in hour, day, menth, and year.
Flow/elevation code. If """ or "1", phase values are
specified in terms of autflow in cfs. If "2", phase values
are specified in terms of elevations in xxxxx.xx feet,
First phase.

Second' phasé,

Third phase.

Fourth phase.

Fifth phase,

Sixth phase.

Seventh phase.

Eighth phase.

The card codes for the three components are as follows:

2B@2 -— Surface component.
2Bp3 -- Subsurface component.
2Bf4 —-- Base flow component.

The'number of phase'values stored on each of the three different
card codes is determined by the number of phases specified on the
CBP2 card in columns 21, 26, and 32, respectiveiy.
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Card Column~

1-2 card code "2R".
5-13 Station number. _

15-23 Time of initial condition in hour, day, month, and year.

24 Flow/elevation code. -"P" or "1" indicates phase values are in
terms of outflow in cfs. "2'" indicates phase values are in
terms of elevations in xxxxx.xx feet.

25-31 First wvalue.

32~38 Second wvalue.

39-45 Third value.

46-52 Fourth wvalue.

53-~59 Fifth value.

60~66" Sixth value.

67-73 Seventh value.

7480 Eighth value,

Note: T1If the number of phases specified on the CR$2 card is N, then
N+1 values must 1"\e included on the reach initial condition cards
(inflow to- the reach is the first value of the first card).

3.12.18. 2L, Lake/reservoir initial cohdition card

— e W T I I T S LR R S T I L

Card Column

1-2 Card code "2L".
5-13 Station number.

'15-23 Time of initial condition in hour, day, month, and year.

25-31 Initial outflow in cfs.
32-38 Pool elevation as xxxxx.xx feet.
39-47 Storage volume in acre feet.

Elevation and storage are mutually exclusive. If one is specified,
it is not necessary to specify the other. Elevation versus storage
relation (Cl cards) must be provided for a lake/reservoir type
station. If no "2L'" card is provided for a lake, initial discharge
is set equal to inflow, and initial elevation is set at elevation-
lower-bound. Tt is not possible to specify zero inflow, elevation,

or storage on: "2L" card. SSARR treats zero or blank in these fields

as "no specification'.
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This card is used for loading the eight-period daily distribution.
The distribution recofd may contain any: number of distributions.
Each card has the capacity for three dlstributlonse The program
assumes that the last distribution input is 14 effect from its
specified start time, to the end of the run. If the start time of
the first distribution is later than the start of the run, no dis-
tribution will be used for that period of time from the beginning of
the run to the start-time of the first distribution.

Card Column

i Card code "5',
2 Blank. .

10-13 Table number. . This is the number used in the 2B@@ card in
columns 24-27 or 38-41 which refers to this distribution.

15-23 Start time of the first distribution in hour, day, month and
vear.

24 Time shift code. (Not used by NUSSARR) (#)

25~40 The first distribution. The distribution is made up of eight
two-digit percentages which correspond to the first three
hours, the sscond three hours, the third three hours, and so
on to the eighth three hours of the day beginning with the
start time of the distribution. For instance, if the distri-
bution start time is “ZQU the first percentage of the 8-period
distribution corresponds with the period 1200 to 1500. The #8th
percentage corresponds to the time 900 to 1200.

41-44 Day to begin second distribution. These four columns contain
the day and month. It is assumed that distribution begins at
the same hour and year as recorded in the start time in
columns 15-23.

45-60 Second distribution. Eight two-digit fields of whole percent.

61-64 Day to begin the third distribution.

65~80 Third distribution. Eight two-digit percent fields.

The dates of the distributions must be in ascending sequence. The
eight percentages in a distribution normally add to a total of 100.

Card Column of 6P

1-2 Card code "6P".

5-13 River station number. _

15-23 Time of the first value in hour, day, month, and year.
24 Data code of all values on card.
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26-32 First value.
33~37 Time of the second value in hour and day. Month and year are
the same as in column 20-23.
" 38-44 Second wvalue.
45-49 The time of the third value in hour and day.
50-56 Third value.
57-61 Time of the fourth value.
62-68 Fourth value.
69-73 Time of the fifth wvalue.
74-~80 Fifth wvalue.

=

Card Column of 68

1-2 Card code “68",
5-13 River station number.
15-23 Time of first value in hour,‘day, month, and year.
24 Data code for first value.
25«31 First wvalue.
32-38 Time of second value in hour, day, month. The year 1is
assumed te be the same as column 22-23
39 Data code for second wvalue.
40-~46 Second value.
47-61 Date, data code, and third value.
62-76 Date, data cods, and fourth value.

Note: Dates must be in ascending order.
The data codes are as follows:

f: Freeflow."

1 Outflow specification as xxxxxxx. cfs.

2: Elevation specification as xxxxx.xx feet.

3: Storage volume specification as xxxxxxx x 10 acre-feet.
4 Change in storage in terms of flow rate (cfs-day).

5 Change in elevation per day as xxxxx.xx feet/day.

6 Change in storage volume per day as 10 acre-feet/day.

Card Column

1-2 Card code: "PL" or "PQ" to plot discharge, "PE" to plot
elevation, "PS" to plot storage content, "PM" to plot mean
daily discharge.

3 Continuation code: "C" if these plots are to be on same graph
as preceding control card. If "C" is punched, Col. 45-66 of
this card are ignored.
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5-14

15-24
25-34
35-44
45-53

54-62
63~66

67-73

74-80

First plot control:

5-~13 River station.
14 Plot character to be printed., Must not be blank.
Second plot control.
Third plot control.
Fourth plot control.
Plot start time as hh.hddmmyy for hour, day, month, and year.
If it is desired to start the plot at the first time period,
the start time may be left blank.
Plot end time,
Hours (in tenths) per abscissa point. This value must be an
integral multiple of the period hours on the Time card.
Minimum ordinate value:
PL or PQ or PM card code: =xxxxxxx. CFS.
PE card code: =xxxxxxx. feet.
PS card code: -xxxxxxx. 10's of acre-feet.
Mawimum ordinate value.

Card Column

15-24
25-34
35-44
45-53
54-62
63-66
67-73
74-80

Card code ""PHY,

Continuation code: "¢ if these plots are to be on same graph

as preceding control card., If "C" is punched, Col. 45-66 of

this card are ignored.

First plot control:

5-8 Hydromet station number.
9 Data code ("3" for precipitation, etc.)

10-13 Weight in percent. The hydromet value is multiplied by
this percentage before its ordinate position between
this plot minimum and maximum is calculated (see card
columns 67-73, 74-80). This percentage must be the
same as that on the CB@4 card.

14 Plot character to be printed. Must not be blank.

Second plot control.

Third plot control.

Fourth plot control.

Plot start time as hh,hddmmyy for hour, day, month, and year.

Plot end time. .

Hours (in tenths) per abscissa point.

Minimum ordinate value as XXXXXX.X.

Maximum ordinate value.
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Card Column

1-2
3
4

5-13
14

15-23
24
25-33
34
35-43
44
45-53
54
55-63

64~72
73-76
77

78

Note:

Card code "PR",

"¢" if continuation.

Unit number report is to be written on. If blank or zero,
report is written on same unit as plots and OUTPUT report.
First station number.,

First station code  1--flow (Q) 5--Q+8
2=-elev (E) or stage 6--E+S
4--gtorage (S) 7--Q+E+S (default)
3-=0+E 8--Mean daily flow
- 9-~Capacity

Second station.
Second code.
Third station.
Third code.
Fourth station.
Fourth code.
Fifth station.
Fifth code.
Beginning time in hour, day, month, year.
(If blank, default is T card).
End time in hour, day, month, year.
(If blank, default is T card).
Hour spacing - xxx.x
Overflow code O-no overflow (new month on new page).
l~overflow (continuation page despite month
change).
Suppress date code O-date prints both sides..
l-no date on right side of page.

On a continuation card, Cols. 55-78 are not needed.

Card Column

1-3

-]

Card code "END",
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INSTALLATION OF NCSSARR
HYDROLOGIC TECHNIQUES

4,1, Layout of Sub-basins

It is natural to start installation of NCSSARR by laying out the
sub~basins. These sub-basins are understood to be small enough to be
relatively homogeneous. Certain layout rules.described below result in
additional sub-basins, :

In some cases, a planning agency may have already subdivided river
basins, and it is desirable to follow these divisions to the greatest
extent possible. In North Carolind the Water Resources Planning Section
had defined sub-basins, but the subdivisions were not always hydrologic
units so further subdivision was necessary.

It was arbitrarily decided to identify tributaries with drainage
areas of 50 square miles or more as separate sub-basing in Piedmont and
Coastal Plain areas, and to use a minimum area of 30 square miles in the
mountains. The limit that is selected must be a trade-off between model-
ing accuracy, interest in specific aresas and co ter requirements. Areas
that are of more interest for water resource develovment should certainly
be modeled in more detail.

NCSSARR does not permit simulation of more than one reservoir,
diversion point or streamflow point within a4 single sub-basin. Areas
where multiple development ig proposed would therefore have to be sub-
divided.

Once tributary sub-basins have been identified, remaining areas
along main streams must be subdivided. (Large tributaries may also be
similarly subdivided.) All basins must be defined with at most one input
point. Subdivision points should occur at or near the confluence of
every tributary identified by its own sub-basin. When several tribu-
taries enter the stream within a short distance of each other, only one
subdivision point will normally be used, since the additional computation-
al requirement for very small basins will seldom be justified.

The resulting sub-basins along the main stream are referrved to as
local areas, since they are primarily areas ¢f local inflow into the main
stream. FEach local area is assumed to consist of a channel reach through
which main stream flow is routed from the upstream point to the down=- '
stream point, together with the sub-basin which contributes flow to the
stream. :

NCSSARR requires that routing reaches and local areas occcur in
pairs. This may mean that for relatively short stréam segments which are
considered long enough for routing, there may be a very small sub-basin,
much smaller than the normal limit.
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If there are not many tributary sub-basins, it may be necessary to
add subdivision points arbitrarily along the stream. Such points will
normally be located at planning subdivisions, at reservoirs or diversion
points, at stream gaging stations, or as requ1red to keep the local areas
to a2 reasonable size,

The layout finally selected is necessarily a compromise between
modeling accuracy and computer requirements. Sub-basin layout for the
Neuse River is illustrated in Flgure 3.1 and Appendix V.

4,2, Naming Convaentionsg

The external labelling system used by NCSSARR for sub-basins re-
quires that not more than four alphameric characters be used, and that
the first designate the basin. Bevond these regquirements, sub-basins may
be labelled as required.

The Nerth Caroling Water Kesources Planning Section has defined an
alphabetic chavacter for each rviver basin, and o~-digit code for each
primary sub-basin. Subdivisions are designated bv an alphabetic character
in the fourth position. This m permits to 25 basins (the letter
X is not permitted), up to 100 primary sub-ba z, and up to 26 subdivi-
sions.

With reference to Figur L, the letter J idenrifies the Neuse
River, the primary sub-basin J0l is the Neuse River above Neuse, and the
subdivision J01J is Beaverdam Creek. Other basins and sub-basins are
similarly identified. ‘

When the sub-basins have beenfnamed, it is desirable to name certain
points in the basin also. Although this is not necessary for operation of
NCSSARR, it is often convenient to 1equest simulation -at a point of con-
fluence or subdivision.

Only points that are junction points (tramsfer points in SSARR
usage) can be named and they are identified by the prefix X. Up to five
alphameric characters are used, the remaining four being used as for sub-
basins. If the transfer point is the upstream bound of a local area, the
four characters must be the same as those for the local area (see Figure
3.2). Other points are similarly named, but the last four characters must
not match the designation of any sub-basin.

4.3. System Configuration and Internal Numbers

The set of configuration cards is thé heart of the SSARR capability
to simulate complex basins. The standard SSARR requirement (Section 3.12.
13) is basically very simple, a P in Col. 1, the upstream station number
in Col. 5-13, and the downstream station number in Col. 15-23.
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Because of the interface with HISARS, two modifications to the basic
SSARR requirement must be made:

a) Station numbers are limited to 8 digits (Col. 5-12 and 15-22);
b) The upstream station numbers must be in strictly increasing
sequence.,

The station numbers used here are internal station numbers. Because
of the above requirements plus additional NCSSARR requirements, these
numbers are rigidly defined. The numbers have 8 digits, utilized as
follows:

a) Digit 1 - a 6 for a sub~basin, a 7 otherwise (reach, reservoir
or transfer point);
b) Digits 2-3 - basin number;
c) Digits 4-6 - segment number;
number, to the extent possibl
d) Digits 7~8 -~ station type:
00 - transfer point gt upstream end
20, 30, ..., 70 = tributaries to lower end
80 - reach
90 ~ local aresa

(4-5 are the primary sub-basin
e)

Intermediate numbers are utilized by NCSSARR as required.

Actual assignment of station numbers and development of the confi-
guration deck starts with a diagram such as Figure 3.2. The following
rules are observed:

a) Configuration starts at the upper end of the main stream working
down toward the outlet.

b) Whenever a point is reached where a tributary which consists of
more than a single sub~basin (referred to here as a complex tributary)
flows into the main stream, configuration starts at the upper end of the
tributary and proceeds to the outlet, where work on the main stream
resumes, '

¢) Within each segment, configuration cards are ordered as follows:

i) Upstream transfer point to reach;
ii) Tributary (dies) to downstream transfer point;
iii) Reach to downstream transfer point;
iv) Local area to downstream transfer point.

For headwater areas, only ii) will be required. For segments containing
neither reach nor local area, the ordering is:

i) Upstream transfer point to downstream transfer point;
ii) Tributary (ies) to downstream transfer point.
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d) Where more than one tributary reaches the same transfer point,
the order of station numbers is not important, but the order of configura-
tion cards must be strictly increasing.

e) When a complex tributary reaches a transfer point, all of the
configuration cards for the tributary will be put in position ii) of 'c)
above.

£) A special case exists when a complex tributary reaches a transfer
point for which there is neither reach nor local area upstream. In this
case, a dummy reach is assigned to the segment and given a reach designa-
tion (80), but identified as a transfer point. Cards for positions 1),
ii) and iii) of ¢) above are used, where all of the configuration cards of
the tributary are put in position ii).

The procedure is illustrated by listing below the configuration deck
for Figure 3.2.

§§gment
P 60901020 70901100 ©
P 60901030 70901100 O
P 70901100 70801380 3
P 60901120 70901200 1
P 70901200 70901280 2
P 70901280 70901300 2
P 60901290 70901300 . - 2
P 70901300 70901400 3
P 70901380 70901400 3
P 60901390 * 70901400 3
P 70901400 70901500 4
P 60901420 70901500 4
P 70901500 70901580 5
P 70901580 70901600 5
P 60901590 70901600 5
P. 70901600 70901680 6
P .. 60901620 70901700 6
P 70901680 70901700 6
P 60901690 70901700 6
P 70901700 70901780 7
P 70901780 70901800 7
P 60901790 70901800 7

Segment numbers are listed for clarification, but would not be punched.
The treatment of the complex tributary should be noted. Note also that
the left column of numbers -~ the upstream station numbers - are strictly
increasing (ignoring the first digit).
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4.4. SSARR Station Characteristics

For simulation using SSARR, a variety of information about each sub-
basin, transfer point, reservoir and channel reach must be collected and
punched in standard format.

Card formats and lists of the variables are given in Section 3.12.5 .
-12. - Station numbers used on these cards are internal numbers described
in Section 4.3.

Details concerning evaluation of the variables may be found in the
SSARR User Manual, and are too extensive to reproduce here. However, .

their evaluation as applied to the Neuse River is given in Appendix V.

4.5. Upstream Drainage Area

NCSSARR has one additional requirement. The upstream drainage area
(XWSUP) is punched in Col. 71-76 of the CBPZ card. For headwater and tri-
butary areas, use 999999, TFor local areas, use the drainage area at the
upstream point in square miles.

The upstream drainage area is used for loczl zreas to determine
whether the specified point is located inside the local area or on the
main stream. In Section 3.3, for example, points were identified by
"JO1K/24" and "JO1K/700". The upstream drainage area for local area
JOIK is 676 square miles. Since the area specified in the first example
is less than the upstream drainage area, the point is identified as
an internal point, and flow from a drainage area of 24 .square miles
is simulated.. 1In the second case, the drainage area exceeds the upstream
drainage area by 24 square miles, so the point is identified as being on
the main stream between XJO1K and XJ01L (Figure 3.2) and the flow at
XJO1K is routed through a partial channel séétion and added to simulated
flow from a drainage area of 24 square mlleS.

A problem can arise in this procedure in cases where the upstream
drainage area is less than the drainage area»of,the local area:

a) If the aresa spe01f1ed for the point is less than or equal to
the upstream drainage area, an internal point is correctly assumed;

b): If the specified area is greater than the upstream dralnage'
area, mainstream flow is assumed. This will be correct if the specified
area 1s greater than the local drainage area, but may or may not be cor-
rect otherwise.

Simulation for an external point with a drainage area greater than
the upstream drainage area is not possible. Although this is an unlikely
need, the problem may best be prevented by laying out the sub~basins so
that the local drainage area is always.,less than the upstream drainage
area.
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4.

6.

NCSSARR Configuration (PFILE)

lation (Chapter 5).
use by NCSSARR during simulation.

The SSARR configuration deck is required for initial system instal-

guired:

A modified version is stored in the file PFILE for
The following modifications are re-

a) An R is punched in Col. 3 if the downstream station is a reach.

b) The stream rank is punched in Col. 14.

This is not a rigidly

defined order number, but is a large enough number on a main stream so
that complex tributaries will have smaller numbers except for the segment
that reaches the main stream,

butary must alsc have the larger number. -

At least one point upstream from the tri-

Numbers can increase progres-

sively moving down the main stream, and all segments which are part of the
main stream or flow into the main stream must fit the progression.
¢) The external identification code is punched in Col. 24-28. 1If

the point is a2 transfer point, the code starts in Col. 24.
basin, the code starts in Col. 25.
Col.
the point appears as the upstream station number,

24).

If it is a

(Thus; only X's will be punched in
Codes are punched in the cards in which the internal number for

If the upstream station .

is a reach, no external'code is punched. , .
d) If the point at the cutlet of the basin is identified by an

configuration deck.

numbers are punched.

Wi ddgdid g d g d g g g rg

=~ ]

- W

=~}

e}

external code, the code is punched ifi a card which follows the end of the
A P is punched in Col. 1 of this card, but no station

To illustrate the modifications, the PFILE deck for Figure 3.2 is
listed below. For completeness of the example, the trailer card is.list-
ed although this is not actually the lower end of the Neuse River basin.

60901020
60901030
70901100
60901120

70901200

70901280
60901290
70901300
70901380
60901390
70901400
60901420
70901500
70901580
60901590

70901600

60901620

170901100
170901100
270901380
170901200
170901280
170901300
170901300

270901400

270901400
270901400
270901500

270901500

270901580
270901600
270901600
270901680
270901700

JO1A
JO1B
XJOiD
JoicC
XJO1E

JO1E -

XJOIM

JO1D
XJOLIN
JOL1F
XJ01G

JO1G

XJO1H
Jo1J
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P 70901680 270901700
P 60901690 270901700 JO1H
P R 70901700 270901780 XJO1K
P 70901780 270901800
P 60901790 270901800 JO1K
P XJO1L

Only the first 28 columns of these cards are read, so additional informa-
tion can be punched in remaining colummns if desired.

PFILE is used by NCSSARR when full simulation including one or more
reservoirs and/or diversion points are used. The segment of PFILE re-
trieved provides the configuration required for the simulation.

The R in Column 3 is used to indicate that characteristic cards for:
the reach must be retrieved.

The stream rank in Column 14 is used to determine which configuration
cards are required. When flows are being routed downstream from a reser-
voir or diversion to a point of interest, the process does not have to
involve a complex tributary since its flow is already available in the .
last segment. Thus by scanning the rank starting from upstream, whenever
the number becomes smaller the configuration card is skipped. This mini-
mizes the amount of simulation required.  If there is a reservoir or div-
ersion on the tributary the process is modified so that required cards are
retrieved. ' : ‘

- The external identification codes in Columns 24-28 are one of the
ways by which the external codes are linked with the internal numbering
system. The codes which are specified on CONTROL command cards are
flagged and thus used to determine how much of PFILE is required.

Further details concerning the processing of PFILE may be found in
the Appendix. :
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INSTALLATION OF NCSSARR
COMPUTER TECHNIQUES

5,.%. Creation of Simulated Streamflow File

NCSSARR is based on a stored file of streamflow data simulated at
outlets of sub-basins and summing points as described in Section 2.3.
Use of the system requires initial creation of this file.

The size of the file depends on a number of factors, primarily the
number of sub-basins and the length of the period of record. The file
is a standard HISARS streamflow file which uses 144 bytes for a monthly
record. 50 monthly records can be stored on one 2316 disk track, and 88
vecords on one 3336 disk track, so that a 25-year record at one location
would occupy 6 tracks on a 2316 disk pack or 3.4 tracks on a 3336 disk
pack. Space for the file must be requested in cylinders, one cylinder
storing 3 1/6 stations on a 2316 pack or 5 1/4 stations on a 3336 pack.

The number of stations is the number of sub-basins plus the number
of reaches plus the number of transfer points. This number may be
fairly large. TFor three river basins in North Carclina, the Neuse, Cape
Fear and Yadkin the number of stations stored is 123, 245 and 201
respectively. These three basing together occupy 180 cut of 200 cylin-
ders of a 2316 disk pack.

It is not possible to generalize the maximum number of sub-basins
into which a single basin may be divided. A single file may be stored
on several disk packs so that there is no a priori maximum size of
file. However, such usage would require all packs to be mounted simul-
taneously so that there would generally be limits on the number of packs
used.

A file limited to a single pack will store a maximum of 627 25-
vear records on -a 2316 pack, or 2110 25-year records on a 3336 pack.
Reaches and transfer points must be stored as well as sub-basins. TFor
a proposed subdivision of North Carolina basins, 44% of the stations are
sub-basins, 227 are reaches, and 347 are transfer points. For individual
basins, the percentage of sub-basins varies between 417 and 487. Thus,
approximately 276 sub-~basing could be stored on a 2316 pack, or 928 on a
3336 pack.

The possibility of compressing the HISARS streamflow file format

is being investigated. The proposed format would require 82 bytes for a
monthly record, increasing all above capacity figures by 767%.
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Consideration should be given to the alternatives of maintaining
separate files for each basin vs. one or more files combining several
basins. Convenient simulation of inter-basin transfers requires that
both basins be in the same file. However, it is possible to simulate a
diversion from one basin, store the diversion record, and then use it as
input in a simulation of the second basin. Except for simulation of
inter-basin transfers, there is little advantage in combining files for
several basins.,

Creation of a file requires simulation for the specified period of
record at the specified stations. This may be done most conveniently by
carrying out the following three steps.

— e s e —— b o —— et o o — ot — i ortp.

One run is used to create the file and simulate the first sub-
basin. This run also creates the characteristic file which will be used
for other sub-basin simulations.

The job deck for this run is as follows:
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d) CB cards for all sub-basins (Sections 3.12.5-8). There are four
cards for each sub-basin, which may optionally be preceded by the
external identification, used in Section 5.3;

e) P, T and 2B cards for the first sub-basin (Sections 3.12.13-15).
Note that only the upstream station number needs to be punched in
the P card. The T card specifies the period of record to be used;

£) 5 and END cards (Section 3.12.19, 24},

e e cree s St e s Cmiw m—w b Moottt erms oot Gmvm Vit e e e B S s

Addltlonal runs are required to complete sub-basin simulation. Up
to 10 stations may be simulated in a single run, but it is mnecessary that
the simulation be in order of increasing station number. This is con-
trolled within a run by insuring that the P cards are in increasing
sequence, =

The number of stations to be simulated in a single run may be
further limited by execution time. On an IBM System/370 Model 165
. computer, simulation of a single sub-basin requires between 8 and 15
seconds of CPU time, or 10 to 17 seconds including I/0 time.

The job deck in this case is not as extensive as before, since the
tables, watershed characteristics, and station identifications are stored
‘in the characteristic fila:

SZESCOMT JOB oao.bbb.cooco.unamesM=1,.T=3

//LPPHLLIE HCS.EBRE. I2825.ISER.SSRARLIB

L EXEC COMT

Z/G.RSIM DD DEN=SIMULATE.CAFPE.FERR

G .RNEW DD DEM=SIMILATE.CAPE.FERR

##G.FT23 DD DSH=CHARACT.CAPE.FERR

SrG.EYSIN DD ow _

JOoB Baz2uz 14 1 CAFE FERRE RIVER

(P cords for not morg thon 18 sub-bosins)
P ERZB 1830
P ERZB1158
P EEZEZ62E
F:l
T

EAZE2 120
88 19149248 00311273

(2BB8 coards for zams sub-bhosins)

ZEREeRZR18328 B 18149 S8 B353A
2BAREAZA1 198 g 1pi49 588 B5556@
ZBRASAZRIAZA A R S2a g5558
ZEABGRZAZ 120 8 18145 g5l 85558
S S5ER @ 1A149 CDRR1GZAZa381R88

b 5358 0 18174 go0pla20zZ0301900

EMD

S

/"' e
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The procedure CONT is listed in Appendix IV. Tt differs from INIT
in that existing files are used. JCL cards identify the specific files.

The SSARR input includes:

a) A JOB card with a 4 in Col. 24 (Section 3.12.1);
b) P, T and 2B cards for required stations (Sections 3.12.13-15);
¢) 5 and END cards {(Sections 3.12.19, 24).

— e amme e e S e i e e omi e i i Pl gt iy i s bt o Dot pant e mn e mn —

After the sub~basins are all simulated, the summing points and
reaches are simulated. ©Note that since the internal numbers for all sub-
basins start with a 6, while those for summing points, etc. start with a
7, required ordering is maintained.

The stations to be simulated are controlled by a group of configura-
tion cards (Section 4.3). Since there will generally be too many stations
to complete the simulation in a single run, it is necessary to separate
the configuration deck into sectione, making a run for each section. The
sections must of course be run in order. Sections should normally not
exceed 50 cards.

The number of stations to be simulated in a single run may be
limited by execution time. On an IBM System/370 Model 165 computer,
simulation of a transfer point requires about 1 second of CPU time, or
5 to 6 seconds including 1/0 time. Simulation of a reach requires 2 to 3
seconds of CPU time or 6 to 7 seconds including I/0 time. Simulation of
a reservoir requires about 3.5 seconds of CPU time or 12 seconds includ-
ing I/0 time.

It is important when dividing the deck into sections to use natural
basin divisions. It is necessary that all configuration cards for which a
given station is the downstream station be in the same section. Other-
wise, an incomplete inflow will be calculated for one section, and an
error because of station duplication will occur for the second section.
This is particularly difficult to detect when a complex tributary inter-
venes between two points.

The job deck differs from above in that the stored characteristic

file is not used. This is to prevent records for the sub-basins from
being simulated. The job deck is as follows:
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SZ78SCONT JOB aoct.bbb.coceco,unoms.M=1,T=5
soAPROCLIB=NCS . BRE, 126825, WISER.SSARL IR
ey EXEC CONT -
S#G.R5IM DD DENM=SIMULATE.CAFE.FEAR
s7G.RNEW DD DEN=SIMULATE.CAPE.FEAR
SR FT23 DD DEN=RTA.UMIT=5YSIA.SPACE=C(TRK. 167, DISP=(DELETE) ..
/« DCB=(RECFM=F.BLKSIZE=7v284. LRECL=FZ84)
S<G.SYSIM DD %

JOg azaz2 13 1 CAFE FEAR RIVER
(CC and CR ocords for section of. basind

creivezalioen v - HALW RIVER MEAR REIDSVILLE

Eial?ﬁhdl?ﬂﬁ HAW RIVER AT ALTAMAHAW

cma1?aza1 93 HAW RIVER

cRez 6281 158 o 2-3gs - &R

(P cords for some sachion)

P gazalazR Tozelles.

P . BA201820 7281180

F TEZA11868  TEZE1188

P TE2B11BG  TRZBIZES

F ERZBL1ISE . TR281Z86

T ‘ 8@ 1@149243 EOZ11273
END - ‘

LA

S

‘The procedure CONT is used because the existing data file is used.
JCL cards identify the specific file. The characteristic file is now
identified as a temporary file, and in fact contains nothing but station
rinformation generated during the run. Note that none of the tabular
relations, raingage identification, etc. required for the sub—ba51n
simulation are requlred here.

The SSARR_input includes:

a) A JOB card with a 3 in Col. 24. (Section 3.12.1);

b) CCOLl cards for all transfer points in the section (Section 3.12
.5)3

¢) CR cards for all reaches in the section (Section 3.12.5, 9).
There are two cards for each reach; :

d) CL cards for every reservoir in the section (Sectlons 3 12 5
10). Cl cards may also be required (Section 3.12.12);

e) P cards for the section (Sectlons 3. 12 13 and 4.3);

f) T card.(Section 3,12.14);

~g) END card (Section 3.12.14).

5.9 Tnitialization of the Characteristic File

SSARR always searches the characteristic file to determine whether
information with respect to a particular station is already stored. If,

for example, a particular station is identified in the characteristic file

as a basin, watershed simulation is carriéd out for the station.
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Stored files are used by NCSSARR to replace simulation whenever
possible. These files were created in Section 5.1 during which a -
characteristic file was also created which identifies the sub-basin
stations as basins. In Section 5.1.3, a temporary characteristic file
was used. -Since the sub-basin stations were not identified as basins in
the temporary file, they were treated as summing points and the stored
data used.

Execution of NCSSARR requires that a characteristic file be stored
which contains all tabular relations and rainfall identification, but no
basin information.. This file may be obtained by deleting the file used
in Sections 5.1.1, 2 and then creating a new file with basin characteris-
tics omitted:

sASSIMIT JOB ooo. bbb oocoo.unogms. Me1.T=1
A7FPROCLIB=HLS.BRE, [2B25 . LISER . SSARLIE

o4 EXEC © PGM=MSG . ’

SRR Dg'DSM=%HQEQCT.EQPElFEQE,UHIT=DISKpVGLz§E§=NBHEBSpDISP=(DLD;DELETE}
s ®EC MIT

A2 ENEW DD DEH=8TEMP.UNIT=8YSDA. VOL=. SFRCE=(CYL. (1. » 102

G VRHEW DD DISP=(MODLDELETE)

ARG FTZ23 DD DSM=CHARGL T, CAPE.FERR

JeRJEYSIN DD o

s e2ez 13 1 CAPE FEAR BIVER
(CF aond CT cards)
CF@1 1636 A @ 2 2 11 4 15
CFRZ 1AEE @ & 25 11 166 95 128
CERZ 1B8E N @ > 2 11 4 15
CFB4 1BEE .61 € 25 11 188 93 178
CTal 8314 2 B 368 .1 15 9.2 7BII/BR
CTez 8214 8.5 5 9933 5 : :
£To1 8488 = a 168 .5 e 1.9 28 KE
CTez2 B84m0 53953 1@
(CP cords for roingages for whole basind
cpP paan ' RRAT 210098
CP G124 RRAI Z19184
CP " ga7E RRAT 319476

(Mo CE cards}

(F ond ZEBY cards for one sub-basind
P CAZH 1020

T ge 18149248 ga311273

2BEBeRZa 1020 5 lelds . 588 B5558
S SHER A 18149 GRORIBZ03AZ0 1808
5 S350 8 18174 BOBR1IAZAZ0IH1908
EMD

SR

A
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This deck is similar to that of Section 5.1.1, except that no CB -
cards are included. Also, the new simulation file created by the job is
a temporary file which is deleted at the end of the job.

5.3. Creation of Aukiliarz,Files

Four additional files are used by CONTROL. These files are
created by utility programs which are listed in Appendix III, using
procedures listed in Appendix IV. The files must be available for use
by NCSSARR.

5.3.1. CBFILE and CCFILE

The files CBFILE and CCFILE are similar in that both contain station
characteristic information. They are created using the procedures CBFILE
and CCFILE, which utilize the program FILECB. Both are indexed sequential
files and provide a means by which the external code can be used to obtain
the characteristic, station name and/or internal number for the station.

Organization of the input deck is as follows:

a) Control card:

Col. 1-6: CBFILE or CCFILE

Col. 11-14: LIST if listing is required, blank otherwise;
b) External code for station in Col. 3-7, left justified;
¢) Characteristic cards for station:

4 CB cards for CBFILE (Sections 3.12.5-8)

1 CCOl card for CCFILE (Section 3.12.5).

b) and ¢) are repeated for each station, for all stations. The external
‘codes must be in increasing sequence. Note that the external codes for
CCFILE will be X codes.

Sample job control language is given below. Space must be
requested in cylinders, and the procedures specify 1 cylinder for either
file. For CBFILE this is enough space for 360 sub-basins on a 2316 disk
pack, or 510 sub-basins on a 3336 pack. For CCFILE this is enough space
for 1368 stations on a 2316 pack or 2261 stations on a 3336 pack.
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Z/CBFILE JOE aoa.bbb.ocdeo.unama.M=1 .
soAPROCLIE=MNCS.BAE. 12025, WISER.SSARLIB
s EXEC CBFILE

SsSYEIN DD ow

CBFILE LIST

A B g2 ENO RIVER
CBE1RA3E 182E 2 v
CEaZERSE 1028 151 4 3282 1581 6068 16088400 9931061835 8999393
CRAZERSE1IRZE 2314 1983839
CEg4sE281828 B251518R33555188

JiiE e g RHEMS LOCAL
CERISR3BEE98 32 - ' :
EéBESMM@HHQE. 351 2 FABZ 1480114880 18092488 g995 187 1888 168
CRa35ASERR9A 831% 1883083
CRAL4EE285520 5841825183188
A%
e
SCCEFILE JOB oadg.bbb.ococoosuname.M=1
SoRPROCLIB=NCS.BAE., 12825, . WISER, SS5ARLIB
/s . EXEC CCFILE
VSYSIN DD oW
CFF LE LIS

XIgD
CngaTJQIIBB END RIVER MR WILLARDYVILLE

[t

CCaivasatizen FLAT RIVER AT LAKE MICHIE.

¥s16F ,
CCBLI7Ia16Z20a8 PEE DEE RIVER MEAR OLD SHEEDSBORD
SH
/’/

3.3.2.  CFILE
CFILE contains characteristic fnformation for all stations. CFILE is‘

also an indexed sequential file, but unlike CBFILE and CCFILE, the internal

‘number - is used for retrieval,
FILEC.

Procedure CFILE is used?vutilizing program

The input deck consists of a control card followed by one or two cards

for each station.
required, and is blank otherwise.

'The control card contains LIST in Col. 11-14 if listing is
There follows one card (CBOl or CCOl) for

each sub-basin or transfer point, or two cards (CLOl and CLO2 or CROl and

CR02) for each lake or reach.

sequence.

The internal numbers must be in increasing
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This file must contain reach cards for each tributary and local area
as well as the main channel, They are used to route flows below reservoirs
or diversions located inside the tributary or local area. The internal
number for these reaches is the same as for the sub-basin except that the
first digit is a 7, and the last digit is an 8.

Sample job control language is given below.  Space must be requested
in cylinders, and the procedure CFILE specifies 1 cylinder for the file.
Since record lengths vary for this file it is not possible to specify the
number of stations that can be stored, but experience indicates that
approximately 1000 stations can be stored in this much space on a 2316 disk
pack.

#sCFILE. JOB goo. bbb, cococcc.urnome,M=1
SOHPROCLIB=HCS . BRE. 2825 . WISER . 58ARLIF
ie's EXEC CFILE

SLEYSIM DD o

CFILE LIsT

CBB16898 1420 8z END RIVER
CBO166581036 g z LITTLE RIVER

CRO17 1616338 MARKS

CRAZ7 1616328 2-308 . 68

CCB17 1516400 PEE DEE RIYER BELOW MARKS CREEK
s

3.3.3.  PTILE

PFILE contains configuration information combined with certain indexing
information. The card format has been described in detail in Section 4.6.
PFILE is a sequential file which is entirely read into core memory when

-required by CONTROL. Procedure PFILE is used, utilizing program FILEP.

The input deck consists of several control cards followed by the PFILE
deck. The first control card contains LIST in Col. 11-14 if listing is
required, and is blank otherwise. This card is not counted in what follows.

Remaining control cards conétitute é_basin'directory to the PFILE .deck..
These cards have the following format:

Col. 2  alphameric eharacter for basin

Col, 5-8 first card number for basin
Col., 9121ast card number for basin.
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The PFILE cards for each basin are stacked one after the other. . Ordering of
basins is not important, nor is it necessary that the order of the control
cards agree with the order of the PFILE stack.

The card numbers are simply ordered consecutively starting from the
first dlrectory card to the end of the deck. Since it is often not con-
venient to get an accurate count of the number of cards for each basin, it
may be easiest .to put the directory cards in the deck with the card number
fields blank, and to execute the program with the LIST operand.  The listing
includes the card numbers from which the directory can be completed.

Sample job control language is given below. Space may be requested
4in tracks, and 3 tracks are specified in procedure PFILE. This is enough
space to store 720 records (28 card columns) on a 2316 disk pack, or 1260
records on a 3336 pack.

s7PFILE . JOB aoo.bbb.coococ.unoame.M=1
#/#PROCLIB=NCS,.BRE. 12825, WISER.S5ARLIB
7 ... EREC PFILE

S#SYSIN DD ok

PFILE LIST

J 4 128

g 127 327

B 328 Sre

F o iaza 17a38l1aa Jaln
P cASB 1838 17E9811680 JB1B

P ) X817C
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CALIBRATION AND TESTING

6.1. TFlat River

~ Since it was necessary to develop values of the basin parameters to
test the SSARR simulation for North.Carolina basins, a basin was selected
for calibration. Initial work was with the Neuse River, so all streamflow
gaging stations in the Neuse River basin were reviewed. The only basin
that was small enough to consider reasonably homogeneous, and with ade-
quate rain gaging, was the Flat River.

The stream gage used was USGS Sta. 02.0855.00 - Flat River at
Lahama. The gage is 0.5 miles upstream from Lake Michie and records are
essentially unaffected by any regulation. The drainage area is 150
square miles of rolling Piedmont terrain. Records of daily streamflow
are available since July 1925, but a period Jan. 1950 - September 1972
was used for model calibration.

Two rainfall stations gage rainfall in the watershed. One, NWS
Sta. 31-7499 - Rougemont is located inside, but near the outlet, of the
watershed. Previous work had indicated that the cooperative observer
there did not always record every day of rain during a storm, but tended

to accumulate amounts on a few days. The other station, NWS Sta. 31-7516-

Roxboro is located on the watershed divide, more or less centrally on a
fan-shaped watershed. On final runs, the two stations were weighted
equally, although there was limited improvement over using either gage by
itself. ' '

Because of the nature of the relations used by SSARR, as opposed to
parameter values, and the lack of experience in fitting the model, cali-
bration of the watershed took a very large number of computer runs.

Daily values were plotted using the SSARR printed plot for comparison of
hydrograph shape, and the artificial reservoir (Section 3.9) was used for
comparison of flow volumes.

The process was started by using a set of relations furnished by
Corps personnel that were being used on other watersheds. A number of
these were found to have little effect, at least for the daily averages
being tested, and were not modified. Snowfall was ignored, so snowmelt
model parameters were not tested.

The relations found to have the most effect were the phase routing

parameters and the SMI, BIT, S-SS and ETI relations (Section 2.5).
Final values of the routing parameters were as follows:
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Surface flow
4 phases
3 hours per phase
Subsurface flow
2 phases
15 hours per phase
Base flow
1 phase
720 hours per phase

In general, the longer the total time of storage, the greater the time
delay in the hydrograph. ¥For a given total time of storage, the more
phases, the more the outflow hydrograph will look like the inflow hydro-
graph.

The final SMI, BII, S-SS and ETI relations are shown in Figures
6.1-4,

The SSARR manual recommends that calibration should start by fit-
ting the total volume of runoff using the precipitation weighting factor
and the SMI relation. Rationally, the precipitation weighting factor
should be modified only if the rain gage or gages may not be representa-
tive of the watershed average rainfall. Since the Flat River watershed
had been particularly selected because of the adequacy of the rain
gaging, the actual measurements were not modified.

The SMI relation was therefore left as primary control for the
runoff volume. SSARR permits either a two-variable relation between the
501l moisture index and the runoff percent or a three~variable relation
using the rainfall intensity as a parameter. It was found very quickly
that the two-variable relation was unsatisfactory. Even using daily
rainfall data, the average daily intensity proved to be an important part
of the relation. If hourly data had been available, the form of the
relation would have been different, and the results probably improved.

One problem occurred often enough during fitting to be recognized
as an error in model formulation. The Soil Moisture Index in SSARR is a
single term which is added to by rainfall which does not run off and is
subtracted from by the Evapotranspiration Index (ETI). Suppose on one
hand that a prolonged dry spell lowers the SMI to 1 inch. Suppose on the
other hand that the dry spell continues to lower the SMI near zero, and
then 1 inch of -rain raises it to 1 inch. The model now predicts the same
percentage of runoff from a "storm in either case since SMI is the same.
Rationally, this is not correct since the effect of the antecedent rain-
fall is ignored, and the tests on the Flat River indicate that serious
errors can result whenever summer storms occur over periods of a few time
intervals.
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Other models solve this problem by separating the "soil moisture"
into two layers with a surface layer containing a nominal maximum. This
layer controls the runoff rate and since it is filled rather quickly, the
effect of antecedent rainfall ig more pronounced. During the winter when
the soil moisture level is high, the surface layer has little effect.

By raising the runoff percentage to very high values, it is possible
to control the maximum SMI. TIf for example, the runoff percentage is made
100% when SMI reaches 8 inches, this becomes a limiting value for SMI. It
was found, however, that relations of this type caused too much runoff
when the SMI value was high. A relationship of the type given in Figure
_ 6.1, although theoretically permitting an SMI wvalue of 11 inches was found

to result in an actual limit of around 8 inches, while stlll not requiring
100% runoff at that level.

An attempt was made by setting 100% runoff at SMI = 2 inches to
simulate the effect of the surface layer referred to above. This caused
excessive runoff from most storms and, since the amount of soil moisture
available for evapotranspiration was also reduced, resulted in an exces-
sive total runoff volume. s :

The Baseflow Infiltration Index (BII) is affective in controlling
the base flow. The relationship is not easy.to obtain since the concept
of the baseflow infiltration index is not intuitively clear. The SSARR
manual suggests that the index "may be thought of as an index of depres-
sion storage, which holds runoff available for deep percolation' (page '
17). This is not, however, a particularly appealing concept since this
water does not affect evapotranspiration from the soil moisture in any
way. Nevertheless, it is possible by manipulating this relation and the
time of storage for base flow to reproduce low flow characteristics for
the watershed.

The Surface~Subsurface (S=SS) separation curve is useful primarily
for reproducing the shape of the hydrograph, together with the routing
parameters for the surface and subsurface phases. This relation would be
of particular interest where flood peaks are of concern. In this study,
where daily average streamflow data were being used on a relatively small
watershed, the peaks were only qualitatively fitted, and fitting was based
primarily on the form of the recession curve. The SSARR manual has a
number of very useful examples in this connectdion.

The SSARR manual suggests that seasonal errors in runoff volumes can
be controlled by adjusting the Evapotranspiration Index (ETI). The rela-
tion in Figure 6.4 results from such adjustments, whereas the initial
estimates represent actual evapotranspiration estimates. The desirability
~of modifying ETI values in this way may be questioned, but it must be
remembered that the model lumps other watershed- losses  into the ETI.
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Results of the model calibration are tco extensive to report here.
With the exception of a few summer storms referred to above, the model
appeared to work satisfactorily. The final error in total volume was +3
inches (out of a total of 280 inches), and at no time did the accumulative
error in volume exceed 5 inches in either direction.

After the rest of the NCSSARR system had been completed, the Flat
River simulation was tested using the TEST option (Section 3.9) for the
period Jan. 1949 - Dec. 1973. HISARS output was obtained, and monthly
totals of simulated and observed runoff were compared using the Statisti-
cal Analysis System (SAS).

A plot of simulated vs  observed monthly runoff is given on Figure
6.5. A tendency toward overestimates during dry months and under-
estimates during wet months is apparent. This may imply that the base
flow percentage is too high.

A plot of accumulated simulated runoff vs accumulated observed
runoff (double-mass curve) is given in Figure 6.6. As found in the cali-
bration, no consistent or significant deviations were found in this
relation.

Certain statistics of the mounthly totals were also obtained.  The
following were used in a recent comparative study by the World Meteoro-
logical Organization (1975):

Coefficient of variation of the residual errors

[z (s-O)Z]fEE

Y = =
0
Ratio of relative error to the mean
R L(50)
: 7110

Ratio of absolute error to the mean

A = b3 f—O
n0

where is the simulated monthly flow,
is the observed monthly £flow,
is the average observed monthly flow, and

is the number of months.

5 oOlo wn
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CUMULATIVE OBSER?ED DISCHARGE

_CU%&L%?!VE OBSERVED DISCHARGE

Flat River at Bahama
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Swift Creek near Vanceboro.
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Figure 6.6. Double mass curves for calibration basins
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Also calculated was the correlation coefficient.

_ I(8)(0) 1
[(z8%) (z0%)] 2

Results are tabulated in Table 6.1. A satisfactory fit is
indicated. :

Statistical analyses of the monthly and daily streamflows were also
obtained for each month for both simulated and observed flows. Some of
these results are summarized in Table 6.3. '

These results show that although the overall average flow was very
good, there was a tendency to over-simulate in the 'spring and to under-—
simulate in the summer. Of much more concern, however, are the standard
deviations, both of monthly and daily values, which show too little varia-
tion among the simulated values, primarily during the summer and fall.
This is possibly due to the inability of the model to respond to rainfall
events when the soil moisture index is low. '

The HISARS processing for low flow and high fiow analysis was also
used for comparison. The 10-year frequency flows for periods of 1, 7, 30
and 60 days are listed in Table 6.2. Simulated low flows are generally
over—-estimated, while simulated high flows are under-estimated, verifying
further the lack of variation éiready found.

The flow duration curve is shown in Figure 6.7. The fit of this
curve 1is extremely good, indicating that over most of the flow range the

model has done very well.

6.2, Swift Creek

To extend the calibration to the Coastal Plain, a second gage was
required. Since no stream gage with adequate rain gaging was found, the
best was used. The stream gage selected was USGS Sta. 02.0920.00 - Swift
Creek near Vanceboro: 'The drainage area is 182 square miles of relative-
ly flat Coastal Plain terrain. Part of the channel was canalized in
1964. Records of daily streamflow are available since February 1950.

Two rainfall stations are near the watershed. One, NWS Sta. 31~
3638 - Greenville is located near the upper end of the watershed, and it
was originally planned to use this gage solely for simulation. It was
found, however, that a large number of storms, evidenced by significant
.observed runoff events, had not been recorded at the gage, although near-
by gages showed rainfall. The second gage, NWS Sta. 31-9100 -~ Washington
was therefore used to represent the lower part of the watershed, although
it is located almost 10.miles outside the watershed.
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Table 6.3

Statistical Analysis. of Streamflow

Month Mean Standard deviation Standard deviation
(Monthly totals) (Monthly totals) (Daily values)
SIM- OBS SIM- OBS ' SIM OBS

Flat River at Bahama

JAN 5260 5590 3170 4070 321 354
FEB 8100 8230 4070 3960 479 462
MAR 8880 8250 43190 3840 478 427
APR 6570 6230 3260 3270 383 347
MAY 3700 3440 ~ 2190 2140 207 - 251
JUN - 1960 2470 1180 1710 159 265
JUL 1600 2090 1350 1680 163 232
AUG - 2260 2490 2350 2870 278 338
SEP 1610 1330 1610 1900 163 224
0oCT - 2400 2320 2980 3980 282 369
NOv 2740 2870 . 2670 3410 264 340
DEC 3660 3970 2300 2740 259 315
AVE 4060 4110 3700 3850 . 316 343

Swift Creek near Vanceboro

JAN 7820 9230 4770 5910 284 310
FEB 9430 10400 5510 6100 ’ 303 319
MAR 10200 10900 . 4830 5440 340 341
APR 6270 6800 4420 6070 257 331
MAY 3390 3910 2870 4170 154 224
JUN 2710 3170 3110 3960 275 275
JUL- 7770 6410 8750 8530 542 515
AUG 6320 5610 6760 6380 415 355
SEP 6000 5660 8420 = 11200 345 594
OCT 5920 4810 9800 9520 321 455
NOV 3450 2940 3270 2780 232 161
DEC 4740 4840 3610 4450 150 198
AVE 6160 6220 6380 7120 371 372
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Ancther problem was encountered in attempting to use a weighted
average of these two gages. Reporting times for the gages are different,
go that major summer storms were often reported on two different days.
Averaging these produced two days of moderate rainfall rather than one of
heavy rainfall, with consequent reduction in simulated runoff. It was
finally decided to use only the Washington gage for the calibration,
using the Greenville gage to identify storms not properly accounted for
by the Washington gage.

Calibration results for Swift Creek were not as satisfactory. as
those for the Flat River, much of the difficulty being attributed to the
lack of good vainfall data. Final values of the routing parameters were
as follows: '

Surface flow

2 phases
36 hours per phase
Subsurface fiow

2 phases

72 hours per phase
Base flow

1 phase
720 hours per phase

Flood hydrographs on this watershed are much more attenuated than for the
Flat River, and this is accounted for in the model by longer storage
times for the surface and subsurface runoff. The canallzatlon may have
affected this as well, but the change in conditions was not examined in
détail,

The final SMI, BIT, S-SS and ETI relations are shown in Figures
6.1-4. (The S-SS relation was not changed from the Flat River relation,)
The effect of differences in topography and rainfall characteristics are
apparent. o

After completing NCSSARR, the Swift Creek simulation was tested
using the TEST option. Testing was similar to that for the Flat River.
However, in NCSSARR there gre two sub-basins above the Swift Creek gage,
so simulated results are for the sum of the flows.

Simulated vs observed monthly runoff is plotted in Figure 6.5. The
relation is not bad, low simulated totals for large observed events re-
sulting genmerally from poor rainfall records.

Accumulated simulategd runbff vs accumulated observed runoff isg

plotted in Figure 6.6. The maximum deviation that seemed to occur
around 1960 has not been. related to any physical change.
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Statistics for the monthly values are tabulated in Table 6.1. The
results are not quite as good as for the Flat River, but indicate a
reasonable fit. ‘ ‘

Statistical analyses by month were also obtained and are listed in
Table 6.3. In general, agreement of the monthly means was better than
for the Flat River. The standard deviations of simulated monthly values
are slightly low as before, but the standard deviations of daily values
agree very well. '

The low flow and high flow analysis is summarized in Table 6.2. The
simulated low flows appear to be badly over-estimated. However, the low
values for cbserved flows are due to a single very dry year, and the low
flows by vyear for the observed record are mostly higher than for the simu-
lated record.

The flow duration curve is shown in Figure 6.7. The fit again
appeavrs satisfactory. ’

6.3. Extension to Other Basins

Even if the extensive fitting process used in the two initial test
basins were possible on other basins, the cost in time and computatibn
would be too excessive to repeat often. Use of NCSSARR as contemplated
requires that it be possible to estimate parameters for other basins,
gaged or ungaged, without recourse to fitting procedures.

It was decided to ddentify Swift Creek as characteristic of Coastal
Plain basins and to identify Flat River as characteristic'of Piedmont and
mountain basins. Other basins were classified as one. of the two types
arbitrarily, with the "fall line" serving as a rough dividing line.

On the basis of the results found fof the initial test basins,; the
following parameter estimates were used for other basins:
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Piedmont & Coastal

Mountain Plain

Surface flow

Number of phases - 4 2

Hours per phase d/5s 24
Subsurface flow

Number of phases 2 -2

Hours per phase d 4d
Base flow

Number of phases 1 1

Hours per phase 404 40d
SMI relation 1086 . 1088
BIT velation 8314 8313
S$~88 relation 8089 8089
ETI relation 8106 8107

The value of d is the drainage avea divided by 10, taken to the nearest
integer. The numbers given for the relations are the curve numbers
used on Figures 6.1-4.

No particular defense is made of the given values. Although both
initial test basins were about the same size, it seemed reasonable that
the routing parameters should somehow be related to the basin area (basin
length would probably be a better criterion, but it was not as readily
available).

In following sections, results of the simulation runs for four
groups of four basins each are presented, respective test statistics
being tabulated in Tables 6.1-2. It should be emphasized that no fitting
was done for these basins, the parameter values being unchanged from
those given above. In many cases, certain parameter wvalue changes are
obviocusly required, and the changes would undoubtedly improve the fit.
The test results are based totally on the fitting done on the two initial
test basins.

6.4, Neuse River Mainstream Gages

To test operation of the system for larger areas, records for four
long~-term gages on the Neuse River were tested. They are:

02,0870.00 Northside 526 sq. mi.
02.0875.00 Clayton 1140 sq. mi.
02.0890.00 Goldsboro 2390 sq. mi,
02.0895.00 Kinston 2690 sq. mi.
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The Flat River test area is upstream of all of these gages, the entire
area above Northside being relatively similar to the Flat River. The
drainage area above Clayton is predominantly Piedmont, but the Goldsboro
and Kinston gages have large Coastal Plain tributary areas. No mainstream
gage 1s downstream of Swift Creek.

In addition to simulation of the tributary basins, simulation on the
main stream entails streamflow routing. This requires that routing para-
meters must also be estimated for the main .stream and major tributaries.
Flow records were reviewed to detérmine .time delay for flood peaks of
various sizes, and on the basis of this information the parameters given
in Table 6.4 weve estimated.

" The SSARR manual suggests use of 5 to 10 miles of channel per phase,
so that the number of phases may be estimated from the reach length. The
time of storage per phase is assumed to follow the relation (Section 2.5).

(KI5

s n
Q

The SSARR manual recommends an n value of 0.2 for the Columbia River, but
results indicate that n should be negative for tne Neuse River. SSARR
optienally permits loading a relation between discharge and time of
storage, and this might be a better way to account for overbank flow than
by use-of negative n values, but this option was not tested.

Simulated vs observed monthly runoff is plotted in Figure 6.8 for
all four gages, accumulated simulated runoff vs accumulated observed run-
off is plotted in Figure 5.9, the flow dyration curves are plotfed in
Figure 6.10 and test sgtatistics are tabulated in Tables 6.1-2,

As might be expected, the fit is quite good for the Northside gage,
comparable to the Flat River results. Test statistics at the downstream
gages also indicate a generally good fit, and the plots in Figures 6.8-9
are acceptable. However, the flow duration curves show a consistent
under-estimation of low flows, and further examination of Table.6.2 shows
that the low flow estimates are seriously in error at all four gages.

Although there was evidence of such a problem for the Flat River
test basin, it was certainly not as serious as for the mainstream gages.
It is possible that the high base .flow is being maintained by cther
basins. It 'is also possible that water that moves downward into ground-

‘water and is lost to the basin reappears downstream in the main stream.

To conclude, these tests indicate that the model is useful in pre-
dicting mainstream flows, and that the flows being simulated in all the

sub~basins are at least of the right order of magnitude, but that simulat-
ed low flows are much too small to be useful.
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Table 6.4

Routing Parameters - Neuse River

Reach River Reach * Number n KTS,
Code Name length, - of
miles phases hours
JO1D Eno 15 2 0 8
JO1E - Flat 16 2 0 8
JolG ~ Neuse 10 1 -.1 3.2
JO1H Neuse 8 1 -2 2.8
JOIK . Neuse " 12 2 -.3 .6
- J01L Neusea 4 1 -.3 .6
Jo2c Neuse 16 2 -.3 .6
JOo2Dp Neugse - 12 2 -.3 .6
JO2F Neuse 15 2 -.3 .6
JO2G Neuse - - 34 4 -.3 .7
JO5B Neuse 16 2 -3 .7
JO5C ~ Neuse : 28 4 -.3 .7
JOSF Neuse 15 2 -.3 .7
JOSG Neuse _ 10 1 -.3 .7
JO5K Neuse 12 2 =3 .8
Jo6C - Little 30 4 -.3 1.2
JO7D Contentnea 20 2 -2 2.6
Jo7r Contentnea 7 1 -.3 2.2
JO7¢G Contentnea 13 2 -.3 1.7
JO07J Contentnea 15 2 -.3 2.0
JO7K Contenthnea 20 . 3. -.3 1.5
J07L Lit. Cont. 12 2 -.3 2.5
JO8A Neuse 8 1 -.3 .8
JO8C Neuse 22 3 -.3 .8
Jooc - Swift 15 2 -.3 2.5
J11B Trent 35 4 -.3 2.5
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Figure 6.10. Flow duration curves for Neuse River mainstem gages
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6.5, Neuse River Sub-watersheds

Additional tests were made on four sub-watersheds of the Neuse
River for which long streamflow records are available. The stations are:

02.0880.00 Middle Creek near Clayton 80.7 sq. mi.
02.0885.00 Little River near Princeton 229  sq. mi,
02.0915.00 ‘ Contentnea Creek at Hookerton 729 sg. mi.
02.0925.00 - Trent River near Trenton . 168 sq. mi.

Middle Creek is primarily a Piedmont basin, and was so classified,
although the lower end is in the Coastal Plain. The Little River and
Contentnea Creek watershed areas included several sub-basins, some in
the Piedmont and some in the Coastal Plain, the Little River being pre-
dominantly Piedmont and Contentnea Creek being predominantly Coastal
Plain. The Trent River is in the lower Coastal Plain, topographically
very similar to Swift Creek.

Although several of the sub-basins of Contentnea Creek have adequate
rainfall data, rainfall data for the sub-watersheds in general is poor.
Records used for simulation of Middle Creek, Littls River and Trent River
were all for stations located almost 10 miles from the watershed boundary.

Results for the four watersheds are plotted in Figures 6.11-13 and
test statistics tabulated in Tables 6.1-2.

Comparison of the monthly totals shows more scatter than before,
which might be expected given the rainfall data problem. The gages for
which the best results were obtained are those which include several sub-
basins. ‘ ;

The plots of accumulative total flow are satisfactory for Contentnea
Creek and Trent River, but for both Middle .Creek and Little River the
simulated totals are deficient. This is also shown by values of the test
statistic R. Evidently the intermediate topography of the latter two
watersheds does not conform with the Piedmont classification. They might
either be tested again as Coastal Plain watersheds, or an additienal
intermediate classification developed.

The duration curve and low flow statistics show that simulated base
flow values are much too low for the two intermediate gages, and are also
low for Contentnea Creek. For the Trent River, the duration curve indi~
cates that they are slightly high, although the low flow statistics agree
very well. : o
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In conclusion, the results indicate that further attention must be
given to parameter estimation for sub-basins having characteristics inter-
mediate between Piedmont and Coastal Plain conditions. The simple dicho-
tomy is evidently not adequate. It is encouraging to note, however, that
fairly good results (except for low flow estimates) have been obtained for
sub-basins that are 50 miles from the initial test basins. The test
statistics compare favorably with any of the verification values reported
in the WMO study cited above.

6.6, Yadkin River Sub-watersheds

As a further test of regional use of the parameters, records were
compared for four gages in the Yadkin River basin. The stations are:

02,1130.00 Fisher River near Copeland 121 sgq. mi.
02.1185.00 Hunting Creek near Harmony 153 sg. mi.
02.1215.00 Abbotts ?rtek at Lexington 174 sq. mi.
02.1280.C0 Little River near Star 105 sq. mi.

The Fisher River watershed is mounteinous, dsalnjrg the eastern slope of
the Blue Ridge. Hunting Creek is somewhat 1. aﬁ*rLAlnous, draining the
Brushy Mountains. Abbotts Creek and the Lin rer are central
Piedmont watersheds,

Y/

Rainfall records for the two mountainous watersheds were for gages
located 5 miles from the watershad boundary. Stations are located on
the boundary of the other twe watersheds.

The streamflow gage at Lexington was closed in 1957, so only 9
years of record were available for compariscn. The Hunting Creek gage
was installed in 1951 and the Little River gage in 1954. Only the Fisher
River gage had a complete record for the standard 25-year period 1949~
1973.

Results for the four watersheds are plotted in Figures 6.14-16 and
test statistics tabulated in Tables 6.1-2.

Results for the Fisher River show that simulation is grossly under-
estimating the flow in the stream. It is evident that extensiocn of para-
meters developed for a Piedmont watershed to a mountainous watershed is
unacceptable., This is not surprising, since difference in rainfall alone
cannot explain the higher yield ¢f mountain streams.

Results for Hunting Creek are not as unsatisfactory as those for the
Fisher River, reflecting the fact that the watershed is not as steep. This
indicates that a single set of parameters for mountainous gages is not
likely to be satisfactory. Most of the Hunting Creek watershed is in fact
upper Piedmont, and estimation for the intermediate conditions is indicated.
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