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A s y s t e n  h a s  been developed f o r  s i m u l a t i o n  of s t reamf low d a t a  a t  
any p o i n t  i n  a  r e g i o n .  The system i s  known a s  NCSSARR (Norrh C a r o l i n a  
v e r s i o n  of t h e  Streamflow S y n t h e s i s  and R e s e r v o i r  R e g u l a t i o n  model) .  

NCSSARR i s  based on t h e  Streamflow S y n t h e s i s  and R e s e r v o i r  Regula- 
t i o n  (SSARR) model developed a t  t h e  Norrh P a c l f i c  D i v i s i o n  of t h e  Corps 
of Engineers  i n  P o r t l a n d ,  Oregon, C o n t r o l  programming minimizes  i n p u t  
requf remenrs  t o  p e r m i t  a p l a n n e r  w i t h  l i m i t e d  h y d r o l o g i c  o r  computer 
background t o  use  he sys tem,  The sys tem is  i n t e r f a c e d  wath t h e  d a t a  
s t o r a g e  and r e t r i e v a l  sys tem known as HISARS t o  p r o v i d e  conven ien t  d a t a  
a c c e s s  as w e l l  a s  r o u c i n e  p r o c e s s i n g  of t h e  s i m u l a t e d  streamfhow. 

In  a d d i t i o n  t o  s i x u l a t i o n  f o r  p r e s e n t  c o n d i t i o n s ,  nt is  p o s s i b l e  
ro  i n t r o d u c e  one o r  more p r q o s e d  r e s e r v o i r s  i n t o  t h e  sys tem t o  de te rmine  
t h e  e f f e c t  of o p e r a t i o n  of t h e  r e s e r v o i r s  on downstream f l o w s ,  It is  
a l s o  p o s s i b i e  t o  s i m ~ l a t e  t h e  e f f e c t  of d i v e r s i o n  s f  f l o w ,  It i s  a l s o  
p o s s i b l e  eo modify  wate r shed  c h a r a c t e r i s t i c s  and i n  t h i s  way s t u d y  t h e  
e f f e c t  of p o t e n t i a l  development on s t reamflow.  

NCSSAKR p e r m i t s  a broad r a n g e  of c a p a b i l b r i e s ,  r ang ing  from f a i r l y  
s i m p l e  s i m u l a t i o n  r e q u i r i n g  minimal  i n p u t  t o  v e r y  s o p h i s t i c a t e d  s imula-  
t i o n  u t i l i z i n g  t h e  f u l l  c a p a b i l i t i e s  of SSARR b u t  r e q u i r i n g  e x t e n s i v e  
i n p u t .  St reamflow can  be  s i m u l a t e d  f o r  s m a l l  r e l a t i v e l y  homogeneous 
wate r sheds  o r  f o r  l a r g e  s t r e a m s  combining f l o w  from a number of d i f f e r e n t  
areas. 

The l o c a t i o n  of a  p o i n t  i s  d e f i n e d  i n  t e rms  of t h e  sub-bas in  i n  
which i~ is  l o c a t e d  and t h e  d r a i n a g e  a r e a  above i t .  T h i s  may I -ocate  a  
p o i n t  a t  which s t reamf low i s  t o  b e  s i m u l a t e d ,  a r e s e r v o i r  is proposed ,  o r  
d i v e r s f o n  i s  p l a n n e d .  The l o c a t i o n  system does  n o t  d e f i n e  u n i q u e l y  
p o i n t s  w i t h i n  s m a l l  a r e a s ,  b u t  does  p r o v i d e  u n i q u e  i d e n t i f i c a t i o n  a l o n g  
major  s t r e a m s  and t r i b u t a r i e s .  

T h i s  r e p o r t  p r o v i d e s  a g e n e r a l  d e s c r i p t i o n  of t h e  sys tem,  A s e l f -  
c o n t a i n e d  u s e r ' s  g u i d e ,  which i s  p r e p a r e d  f o r  s e p a r a t e  p u b l i c a t i o n ,  des-  
c r i b e s  u s e  of t h e  sys tem,  r a n g i n g  from t h e  s i m p l e s r  t o  t h e  most eampPex 
s i m u l a t i o n .  Other  c h a p t e r s  d e a l  w i th  h y d r o l o g i c  and computer p r o c e d u r e s  
t o  impl.ement t h e  sys tem,  a n d d e s c r i b e a  series of t e s t s ,  comparing s h u -  
Bated f l o w s  w i t h  observed  r e c o r d s .  Documentation of t h e  programs is 
p r o v i d e d  i n  Appendices .  
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The NCSSARR sysrem was tested first in the Neuse River basin, Cali- 
bratien 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 thue 
obtained, parameters were estimated for all other sub-basins, and simula- 
tion results obeained far a 25-year period at 123 points in the basin. 

Resulrs were compared with measured flows zt 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 law f l o w  estimates wpre too low to be useful, Watersheds with 
topographic conditions intermediate between the Piedmont and CoasCal 
Plain also caused some problems, 

Original inrent in the system proposal was that it wouPd be up 90 the 
user to estimate required parameters. Since as the system developed, it 
became necessary to prepare a complete file for the basin before a ~ y  part 
could be used, this is no longer practical. It was probably never desir- 
able, since the knowledge of the SSAIiR 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 scored file creation for each basin that is required, 
This has been done sufficiently for the Neuse River basin %3 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 also showed that, although parameters obtained on the 
calibration watersheds could be used on watersheds at considerable dfs- 
tances, the topography could not vary greatly, In 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 estuarfes; 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 estimatlm and 
implementation, 



RECOMMENDATIONS 

There  a r e  recommendations f o r  f u r t h e r  work a t  t h r e e  d i f f e r e n t  l e v e l s  
of f u n c t i o n :  

1 )  At a n  o p e r a t i o n a l  l e v e l ,  i t  i s  n e c e s s a r y  t o  g e t  t h e  parameter  
e s t i m a t e s  and c r e a t e  t h e  b a s i n  f i l e s  s o  t h a t  t h e  sys tem can be  u s e d .  

2) At a more b a s i c  l e v e l ,  more a t t e n t i o n  needs  t o  b e  d i r e c t e d  toward 
t h e  wa te r shed  s i m u l a t i o n  model. T e s t  r e s u l t s  i n d i c a t e d  a  f a f l u r e  of t h e  
mode l l ing  concep t  a f t e r  r a i n s  f o l l o w i n g  extended d r y  s p e l l s .  The model 
needs  t o  be modi f i ed .  A l t e r n a t i v e  wa te r shed  models can a l s o  b e  t e s t e d  
w i t h i n  t h e  NCSSARR system.  

3 )  From a p r a c t i c a l  p o i n t  of v iew,  t h e r e  a r e  l i m i t a t i o n s  b u i l t  i n t o  
SSARR t h a t  are l i k e l y  t o  c a u s e  problems.  For example, SSARR r e s e r v o i r  
r e g u l a t i o n  i s  des igned  p r i m a r i l y  f o r  day-by-day m a n f p u l a t i o n ,  I t  I s  n o t  
p r a c t i c a l  t o  o p e r a r e  t h i s  way f o r  a  25-year p e r i o d ,  so  t h a t  r e s e r v o i r  
o p e r a t i o n s  f o r  s u c h  s i m u l a t i o n  i s  n o t  p o s s i b l e .  Program m o d i f i c a t i o n s  t o  
i n t r o d u c e  more f l e x i b i l i t y  i n t o  t h e  sys tem w i l l  t h e r e f o r e  b e  d e s i r a b l e ,  



The impor tance  of r e g i o n a l  p l a n n i n g  i s  demons t ra ted  by t h e  l a r g e  
number of s t a t e  water plans  now under  a c t i v e  d e v e l o p z e n t .  Developers  of 
t h e s e  p l a n s  must know how much w a t e r  i s  a v a i l a b l e ,  a s  i t  varies t h r o ~ g h  
s p a c e  an3 c h r c ~ g h  time, 

2rospzc"Lve development p r o j e c t s  such  a s  r e s e - r v o i r s  and d i v e r s i o n s  
c a u s e  changes LO the s t r e d a f l o w  regime.  While t h e  g s n e r a l  e f f e c t  of such 
p r o j e c t s  i s  wn~erstoa.x19 cccasionaI.Iy u n f o r e s e e n  consequences  o c c u r  which 
c a u s e  serFrsa3. p r 3 S L e ~ s ,  I n  additfor:, changes in t h e  iii~ba:: development: 
patterm c: a region cnzulge bozh t h e  hyd ro log i c  c h a r a c t e r ~ s t i c s  and t h e  
water reqaiscrcralcs cf t h e  area. LvaTuat-ion sf the co~iisequences of such 
changes  r equ i res  d e r a i i e d  a n a l y s t s  u s i n g  t e c h n i q u e s  such  as s i m u l a t i o n .  

SimuiatLin has been used as a ~ o o Z  in a n a l y s i s  of r i v e r - b a s i n  sys tems  
s i n c e  the early 1350 ' s  (?faass -- e t  al, 1962 ;  pp.  324-326). Although t h e  
g e n e r a l  concept cf zmdelling is muck o l d e r ,  p r a c t i c a l  use  f o r  u n i t s  as 
l a r g e  as a river basin r equ i red  arl amount c7rf c o q u t a t i o n  nor  p o s s i b l e  until 
deve lopnen t  irf t h e  d i g i t a l  computer. S i n c e  1954,  w i t h  t h e  i n t r o d u c t i o n  of 
t h e  I B M  650, ehe capability of s i rnu lac ion  has gr3m-i wfth r h e  i n c r e a s e d  
c a p a c i t y  of t h e  compute r s ,  

I n  1962,  a group a t  Harvard T h i v e r s i t y  p u b l i s h e d  a study t i t l e d  
Design of Water-Resource Systems ( i 'kass  e t  a l ,  1 9 6 2 ) .  T h i s  s t u d y  showed --- -- 
how s i m u l a t i o n  c o u l d  b e  used as a p l a n n i n g s t o o l  i n  water r e s o u r c e  develop-  - 
merit, a l t h o u g h  t h e  utilization at ;hat  t i m e  was n e c e s s a r i l y  l i m i t e d  by 
computer l i m i t a t i o n s ,  The t e c h n i q u e  of s i m u l a t i o n  developed a t  t h a t  t i m e  
by Thornas and m e r i n g  (Maass et al, 1 9 6 2 ;  pp .  4 5 9 - 4 9 3 ) ,  based on a  s t a t i s -  -- 
tical analysis of xeasure3 strea~flcw, h a s  c o n r i n u e d  t; be  used i n  more 
recenr studies %p Stfschmlde and F i e r i n g  (1960)  and F i e r i q  and Jackson  
( P 9 7 1 ) ,  ~mthe'e. regions? s t d y  u s i n g  s i m p l e r  s$nulaCion ",echniques was 
reporxed by 3aml;ron a2 a;, {1969), -- ,.-. 



It was with the hope of $=proving this situation char che present pro- 
ject was conceived. Since much of the input required for r?odels is repeti- 
tive, it was expected that control programming could rake 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 computer skills 
could obtain required results, without limiting the system so much as to 
preclude more thorough hydrologic studies. 

The i n t e : ~ t l o n  was ts develop a system to control simulation in a river 
basin, as o p ~ o s e d  to 2evelopment of a simulation nodel itself. With the 
Large number of ~ o d e l s  already available, it seemed counterproductive to do 
any orlginal work on nodelling. It was decided therefore to use a model 
that had already been developed. 

The " t r e m ? l o w  Synthesis and Reservoir Regulation program (hereafter 
referred to as SSAKR) was selected for this purpose. No judgement regarding 
its superiorizy ove; other models entered inro its selection. Rather, it 
was chosen because ir has built-in a rather sophisticated basin-wide system 
capability that few other ~odels have. Thus the present project could con- 
centrate on development of data interfacing and control simplification. In 
the process of modification, it was found possihia to introduce alternative 
streamflow simulation models into SSARR. 

Xn 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 particular sections as required, The 
system is complex enough as it is, 

In addition to simply gensrating streamflos data, it seemed desirable 
to include scme ~~3cessicg capability, Since such a capability had already 
been developed for t h e  Hydrologic Infcrnation Sr~rage and Retrieval System 
(hereafter refar:e"? as FTSARS), it seemed ~ e t i s s n a b i e  to make the same 
processing passibl~ $2: tl-~= sfrn~zlaked daca as Eo: t ke  cbserved dara, This 
could be done most canvex-iiently by ojtainlng t he  SSARR output in the form of 
a SISARS s t r r 2 n f I . a ~  Sliz, $.r i~h t;?, corr~spsa$r:-g h 2 e x  f t L c  being created 
by the control progrsa, A lsc ,  slnce zainfsll d;ca rsquFreG for input to 
SSARR were also stsred as HISA3S files, it tvou13 r3o rost ei f ic%r;nt  co con- 
vert SSARR i n p ~ e  ferret to read BISMPS r a F n f a i ~  files. 



The body of  t h e  r e p o r t  p roceeds  w i t h  a  g e n e r a l  o u t l i n e  of t h e  e n t i r e  
NCSSARR system,  fo l lowed  by more d e t a i l e d  d e s c r t p t i o n s  of i t s  component 
p a r t s .  A s e p a r a t e  c h a p t e r  w r i t t e n  as a  u s e r ' s  g u i d e  p r o v i d e s  s u f f i c i e n t  
i n f o r m a t i o n  f o r  t h e  c a s u a l  u s e r  t o  u s e  t h e  sys tem.  Other  c h a p t e r s  d e a l  
w i t h  h y d r o l o g i c  and computer t e c h n i q u e s  r e q u i r e d  t o  i n s t a l l  t h e  sys tem a t  
o t h e r  l o c a t i o n s .  A c h a p t e r  d e s c r i b e s  t e s t i n g  of t h e  sys tem i n  North  
C a r o l i n a .  Appendices p r o v i d e  documentat ion t o  t h e  computer programs. 



SYSTEM DESIGN 

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

"a) Simulation of precipitation data oven: "Lie required areas; 
b )  Gunversion of rhe precipiration amounts into streamflow 

v a l u e s  a: the specified points; 
c )  it a z i f l e d  syscex by which simple control can be maintained, 

and :$hL-k p e i m l e s  inter-basin transfers to be included." 

Parkicular feaxurer; of the proposed systerc were to include: 

'"a) Sela::;ion ctf Icreations to be simulated by simple control 
opt ioixs ; 

b) V a r i a b l e  n~mbers of Zoeations to be simulated simultaneously; 
C) Provision for optional inter-basin diversions; 
d )  Prcvisian for optional inclusion of reservoirs; 
e) Location of,points to be simulated is arbitrary, whether gaged 

or notss: 

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 ehe 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 components, 

In th-Fs chaptc,~, &arac~e-~.istics of the system w 1 % 4  be described, 
and reasons f u r  p a r t P z u l a r  d e s i g n  d e c i s i o n s  w i l l .  he reviewed. 



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 che same watershed area. Since the sub-basin PS 
assumed to be homogeneous, resultant streamflsws could be assumed to be 
similar f o r  all such locations. Where a particular watershed is'known to 
have characterist<;s far different from the whole sub-basin, special action 
should of course be raken.  

Locatims in local  areas arc also defined by the watershed area. 
When a small aria is required, the situation is analogous to the tributary 
area. Points along &he main stream itself are ahso 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 addirional points at boundaries of sub-basins and connec- 
tions w i ~ h  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 Paying out sub-basins and naming them are described in Chapter 4 .  
NCSSARR does however reqcdre rigidity kn its operations, and an internal 
numbering system is s i s c  ysed. For most activities the user will not need 
to use the  internal nrnbers, but they are requPred for some purposes. 

2.3. SimulatYn3 Data S::crage - 
A number of the feazures to be 2ncluded i ~ i  the systers~ required a 

technique a f  combin2ng flows f r o m  several sub-basins. Simulation of the 
effect of reservoirs arm Jownstream flow would require such a system, 

As ahready iadi:ate&, it had been decide2 20 use SSARX to the great- 
est extent possible f q r  z h f s  purpose. However, as ehe sysrem developed 
it became apparent that an important consideration had been overlooked. 



Even w i t h  r e a s o n a b l y  l a rge  sub-bas ins ,  s o l u ~ i o n  s f  a p r a c t i c a l  pro- 
blem cou ld  become e x c e s s i v e l y  expens ive .  Suppose f o r  example t h a t  i n  t h e  
Neuse River  b a s i n  of North  C a r o l i n a  i t  i s  r e q u i r e d  t o  s t u d y  t h e  e f f e c t  of 
a l t e r n a t i v e  o p e r a t i n g  p r o c e d u r e s  f o r  t h e  proposed F a l l s  dam on s t reamf low 
a t  Kins ton .  As t h s  Neuse R i v e r  b a s i n  i s  now d i v i d e d ,  t h e r e  a r e  32 sub- 
b a s i n s  ups t ream from K i n s t o n ,  With t h e  accumula t ion  of f l o w s  from e a c h  o f  
t h e s e  sub-bas ins  t o g e t h e r  w i t h  r o u t f n g  th rough  che r e s e r v o i r  and c h a n n e l s ,  
i t  is  e s t i m a t e d  t h a t  a  25-year s i m u l a t i o n  would c o s t  a t  l e a s t  $26.30. 
C o n s i d e r a t i o 2  of more chan a  few a l t e r n a t i v e s  would b e  p r o h i b i t i v e .  Even 
t h i s  c o s c  a s s u a c s  a f s i r P y  s i m p l e  SSARR d a i l y  b a s i n  s i m u l a t i o n .  More 
a c c u r a t e  b a s i n  s i n d a t f e a  would i n c r e a s e  t h e  c o s t  s u b s t a n t i a l l y .  

It was r e c c g n i z a i  t ha t  f o r  most p r a c t i c a i  u s e s ,  many of  t h e  sub- 
b a s i n  f l o w s  c o u l d  b e  used r e p e a t e d l y  w i t h o u t  hav ing  t o  be s i m u l a t e d  each  
t h e .  It ?Jas decldad, t l ~ e r e f o r e ,  t o  s t o r e  s t rearcf lows a t  o u t l e t s  of sub- 
b a s i n s  and summing p o i n t s ,  and t o  u s e  t h e s e  whenever p o s s i b l e .  For  t h e  
above example, no sub-basin s i m u l a t i o n  would b e  r e q u i r e d ,  and t h e  c o s t  f o r  
t h e  s a m e  s i rnu lac inn  W O U : ~  be  $&,75 ,  More a c c u r a t e  b a s i n  s i m u l a t i o n  would 
n o t  i n c r e a s e  t h i s  c o s t .  

A more ex t reme  e x a m ~ l e  would b e  i f  t h e  streannfbow a t  New Bern ( t h e  
b a s i n  o u t l e e )  were  r e q u i r e d .  Without che s t ~ r e d  TPles, s t r e a m f l o w  s imula-  
t i o n  i n  t h e  e n t i r e  b a s i n  would b e  r e q u i r e d ,  a t  a c o s t  of a b o u t  $60. With 
s t o r e d  f i l e s ,  t h e  c o s t  would b e  a p p r o x i m a t e l y  $1, 

There  a r e  of  c o u r s e  o t h e r  c o s t s  a s s o c i a t e d  w i t h  t h e  f i l e  s t o r a g e  
sys tem.  I n f t i a l  c r e a t i o n  of t h e  e n t i r e  f i l e  f o r  t h e  Neuse River  c o s t  
a p p r o x i m a t e l y  $60 and z h e  p r o p o r t i o n a t e  c o s t  of rRe s t o r a g e  d e v f c e  i s  
a b o u t  $40, making a t o t a l  f i x e d  c a s t  of $100. It i s  a p p a r e n t ,  however,  
t h a t  any  r e a s o n a b l e  u s e  s f  t h e  f i l e  w i l l  compensate f o r  t h i s  q u i c k l y .  

Use of s t o r e d  f i l e s  n e c e s s a r i l y  l i m i t s  s o n e  of t h e  i i e x f b f l i t y  
p o s s i b l e  w i t h  SSARR (although NCSSARR p e r m i t s  E u i l  u s e  o f  SSARR f e a t u r e s  - 
Chapte r  31, Data -,eyi~da ,,aK - be f i x e d ,  aad the s i r n r d a t i o n  must be 
done f o r  a common peris! z f  rscord, 

The f o r m  i n  which cbszrved stream21 ow i s  m s c  w i d e l y  a v a i l a b l e  and 
used  i s  d a i l y  a v e r a g e  s c r a m f l o w ,  so  i t  was dzcided t o  limit s t o r e d  f i l e s  
t o  t h i s  form. 

T L L  -L- has a lso  decsled cc; L i m l x  ;ier-iod , E recsrd "c 22 y e a r s .  T h i s  

i s  n e c e s s a r i l y  a conaprcmi;e Setween srze of s-arage requ i rement  and hydro- 
l o g i c  u t i l i t y .  Recause  tF-ie mssp, reif ifal l  rzcc-rds were a v a i l a b l e  f o r  t h e  
p e r i o d  1949-73, t h e s e  are t h e  y e a r s  for xivhich r e c ~ ~ 1 s  were sl imulated.  
E x t e n s i o n  of t h e  p e r i s d  ->f r e c o r d  i s  ~ 3 s s i k ; e  0 5  esre ral~"3.l r e c o r d s  
become a v a i l a b l e .  



The p r o j e c t  p r o p o s a l  c a l l e d  f o r  s i m u l a t i o n  of p r e c i p i t a t i o n  d a t a  f o r  
i n p u t  t o  t h e  wa te r shed  models,  u s i n g  a  t e c h n i q u e  t h a t  had p r e v i o u s l y  been 
developed by t h e  p r i n c i p a l  i n v e s t i g a e o r .  There  were  two p r i n c i p a l  
r e a s o n s  f o r  t h i s :  

a )  Data cou ld  be  s i m u l a t e d  f o r  e a c h  sub-Sasin ,  f o r  most o f  which 
t h e r e  a r e  no observed  r e c o r d s ;  

b)  The l e n g t h  af r e c o r d  cou ld  be extended beyond t h e  p e r i o d  of 
o b s e r v a t  i c ; ~ ,  

As i.rdi:at.ed above, i t  w a s  dec ided  t o  l i r i l l t  t h e  1)eriorl of r e c o r d  
f o r  rout t i -e  1: incrLnt im t o  25 y e a r s ,  so t h a t  t h e  second r e a s o n  was unim- 
p o r m n t .  %me-~er ,  chn of d a t a  i n  o r  n e a r  many of t h e  sub-bas ins  
remains  of ~ r i t s c a l  i q m r t a a n c e .  

It w a s  nevercheiess d e c i d e d  t o  u s e  observed  p r e c i p i i z a t i o n  d a t a  f o r  
two r e a s o n s :  

a )  There  were  e x p r e s s e d  needs  f o r  s r r e a n f l ~ v  e s t t m a t e s  f o r  g i v e n  
y e a r s  ; 

b)  There  i s  a  d e f i n i t e  need i n  d e v e l o p i n g  t h e  sys tem t o  compare 
t h e  s i m u l a t e d  w i t h  observed  r e c o r d s ,  

The l a t te r  r e a s o n  was c o n s i d e r e d  o f  o v e r r i d i n g  impor tance  f o r  t h e  
immediate implementa t ion .  It i s  n e c e s s a r y  t o  e s t i m a t e  p a r a m e t e r s  f o r  t h e  
w a t e r s h e d  and r o u t i n g  models, and t h i s  must be  done w i t h  observed  r e c o r d s .  
Also ,  a user needs  msre than faith i n  t h e  model d e v e l o p e r .  

U s e  sf t h e  obse rved  p e r i o d  of record does ~ r n a l Y z e  the s i m u l a t i o n  
sys tem,  Tln zany ereas where there are observed  st.rearnfTow r e c o r d s  t o  b e  
compared, t h e r e  i s  little p r ~ c i p i t a t i o n  d a t a ,  It xay  be  hoped t h a t  f o r  
s t r e a m  gages  In the i a r g n r  r i v e r  basins, t h e  p r e c P p i t a t i o n  e r r o r s  w i l l  
t e n d  t o  c a n c e l  o u t  a~":eanlngful coxparisom car*  b e  made, R e s u l t s  of 
such  t e s t i n g  a r e  g i v e n  le Chapter 6 ,  

2.5.  SSARR 

The Strea~flcw Eyn~hesis a d  Rese-rvsir Regu l a t i on  (SSARR) program 
was developed by t h e  Narxh Eacif ic  3fvisfcn of the U.S.  A m y  Corps of 
Engineers  (Gockwood, 196Y) .  The systen: %as 'be52 .*sed on large complex 
r i v e r  b a s i n s  i n c l u d i n g  r k e  Colunbia  and Mekong %L$ers, IE Ls c u r r e n t l y  
b e i n g  used f o r  o p e r a t i o n a l  f o r e c a s t i n g  in t h e  PaciiEic Ear thwes t .  



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 tn 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) Watersheds; 
b) Lakes and reservoirs; 
c) Channel reaches. 
d) Sumfng pohts. 

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 model for accumulating and routing streamflow 

through channel and lake storn:e" 
c) A reservoir regulation model for analysis of reservoir outflow 

and contents. 

The watershed model is illustrated in Figure 2.1. Moisture input 
(which may include rainfail and snomelt) is divided into runoff and 
accumulation to soil ~ m i s t a r e  by SMI - the soil moisture index. The soil 
moisture is depleted only by evapotranspiraticn. Runoff is divided into 
base flow and direct runoff by BII - the base flow infiltration index. 
Direct runoff is further divided into surface and subsurface components 
by S-SS - the surface - sub-surface flow separation. 

Several aspects of the model are worth emphasizing: 

1) Raknfall input may be multiplied by a factor to obtain the 
moisture input, in case the raingage is knoa*rm 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 nsr 
base flow are interpreted as part of the soil moisture at any time. 





3) The only ways b y  which water leaves the watershed are by evapo- 
transpiration and streamflow. Evapotranspiration may be limited either 
by rainfall or by low soil moisture content. Lf there is groundwater flow 
into or out of the watershed, this is lumped with the evapotranspiration, 
and the quan~ity is referred to as the evapotranspiration index (ETI). 

4 )  There is no limit placed on the soil motsture 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 SME, 311 and S-SS relations. Values are obtained by table lookup 
rather than b y  caLcuPatJon, 

6 )  The S K I  reisiltia-T relates the runoff percentage (ROP) to the soil 
moisture irdex, optionaiiy as a function of the rainfall intensity. 

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

8) The S-55 relation relates the rate of runoff to the rate of 
direct runoff, Thfs is generally ser so that subsurface runoff is domi- 
nant at very low direcr: r~anoff rakes, but as the rate of direct runoff 
increases, the s-&-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 n~mber 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. Thfs requires accumulation of flow at the summing 
points, routing of flaw through channel reaches, lakes and reservoirs, and 
control functions such as reservoir operation and diversions. 

The routing meth~d is bzsed on the continuity equation and assumes a 
relation between storage ( S )  and outflow (0) of the form: 

The proportionality factor Ts is referred to as the time of storage. For 
channel routing, it may be assumed to vary w i t h  Cischarge. One method is 
to assume the relation 



where KTS i s  a n  e m p i r i c a l l y  de te rmined  c o n s t a n t :  

Q i s  t h e  d i s c h a r g e ;  
n  i s  a n  e m p i r i c a l  c o e f f i c i e n t  u s u a l l y  between -1 and 4-1. 

A l t e r n a t i v e l y ,  i t  i s  p o s s i b l e  t o  s p e c i f y  any complex r e l a t i o n s h i p  of Ts 
t o  Q i n  t a b u l a r  form. 

During a run, t a b l e s  and s t a t i o n  c h a r a c t e r i s t i c s  a r e  s t o r e d  i n  a 
f i l e  r e f e r r e d  t o  as t h e  c h a r a c t e r i s t i c  f i l e .  T h i s  f i l e  may b e  s t o r e d  
permanen t ly ,  s o  t h a t  r e p e a t e d  r u n s  u s i n g  t h e  same s t a t i o n s  and t a b l e s  do 
n o t  r e q u i r e  repea ted  Inpct of t h i s  i n f o r m a t i o n .  The s t o r e d  t a b l e s  and 
c h a r a c t e r i s t i c s  are rmclif ied whenever c o n f l i c t i n g  i n f o r m a t i e n  i s  g iven .  

rp  7 ~ n e r e  a r e  vzker a p t i o n s  a v a i l a b l e  t o  r e d u c e  i n p u t  r e q u i r e m e n t s ,  
inost n o t a b l y  f o r  read tng  s t o r e d  d a t a ,  I n  t h e  r e v i s e d  form used w i t h  
NCSSARR, hewever, da ra  are  o b t a i n e d  d i r e c t l y  Er-crm HISARS f i l e s ,  s o  t h e s e  
o p t i o n s  a r e  n o t  used.  Other  f e a t u r e s  of SSARR a r e  d e s c r i b e d  i n  Chapter  3 .  

The Hydrologic  I n f o r m a t i o n  S t o r a g e  arrd X c c z ~ ~ x , , d  System w a s  develop-. 
ed a t  North  C a r o l i n a  S t a t e  Uni l -e r s icy  (Wiser ,  1975;. The sys tem i s  
d e s i g n e d  f o r  s t o r a g e ,  r e t r i e v a l  and r o u t i n e  p r o c r s s i n g  of h y d r o l o g i c  d a t a .  

Da ta  l l s t f n g  and p r o c e s s i n g  f u n c t i o n s  have been  used w i d e l y  f o r  
obse rved  d a t a ,  and many u s e r s  have become f a m i l i a r  w i t h  i t s  u s e .  It 
seemed r e a s o n a b l e ,  t h e r e f o r e ,  t o  u s e  t h e s e  same c a p a b i l i t i e s  on t h e  
s y n t h e t i c  d a t a  produced by SSARR. F u r t h e r ,  w i t h  s t a t e w i d e  r a i n f a l l  d a t a  
f i l e s  a l r e a d y  a v a i l a b l e  f rom permanent s t o r a g e ,  t h e s e  shou ld  be  d i r e c t l y  
a v a i l a b l e  t o  SSARR. 

S t a n d a r d i z e d  Ei 3 e f o r m a t s  have been developed f o r  HISARS. Although 
d a t a  cou ld  be  canx?crced from HiSARS fo rmat  t o  SSARR f o r x a t  b e f o r e  pro-  
c e s s i n g  by SSARR, I r  + s  more e f f i c i e n t  t o  revise SSARR t o  r e a d  t h e  HISARS 
f i l e s  d i r e c t l y ,  and t h i s  has been done f o r  the v e r s i o n  of SSARR used i n  
NCS SARW. 

HISARS u s e s  a n  e f g h i - d q i t  code t o  i d e n t z f y  s t r e a n f l o w  s t a t i o n s ,  
w h i l e  SSARR can  a c c e p t  up t o  n l n e .  T h i s  t h e r e f o r e  caused no problems.  
However, WXSARS u s e s  a s i x - d i g i t  code t o  i d e n t i f y  r a i n f a l l  s t a t i o n s ,  
w h i l e  SSARR i s  l i m i t e d  t o  f o u r ,  T h i s  was s o l v e d  by i n c l u d i n g  i n  t h e  
SSARR i n p u t  deck ( a s  a  r a i n f a l l  statron c h a r a : t e r ~ s t i c )  a number t r a n s -  
l a t i o n  t o  c o n v e r t  t h e  i n t e r n a l  (SSARR) code t c  r h e  e x t e r n a l  (HISARS) code.  

U s e  o f  HPSARS has been d e s c r i b e d  i n  t h e  Refe renee  Menual (Wiser,  
1975) ,  and f u l l  c a p a b f k l t i e s  of t h e  sys tem are given  i n  the manual.  I n  
NCSSARR i t s  u s e  i s  limited t o  p r o c e s s i n g  t h e  siauia"rd s t reamf low o u t p u t  
produced by SSARR. 



2.7 .  CONTROL 

The f u n c t i o n  of t h e  CONTROL program i s  t o  r e a d  u s e r - o r i e n t e d  i n p u t ,  
p roduce  t h e  r e q u i r e d  c o n t r o l  s t a t e m e n t s  f o r  SSARR a n d f o r  HISARS, and t o  
c o n t r o l  t h e  subsequen t  p r o c e s s i n g .  Although i t  i s  des igned  t o  p e r m i t  t h e  
c a s u a l  u s e r  t o  u s e  t h e  sys tem w i t h  minimal i n p u t  r e q u i r e m e n t s ,  CONTROL 
a l s o  p e r m i t s  a  s u b s t a n t i a l  p a r t  of t h e  f u l l  SSARR c a p a b i l i t y  t o  be  
u t i l i z e d .  

CONTROL r e c o g n i z e s  t h e  f o l l o w i n g  commands: 

S T R E ~ P L O ' C ~ / O ~ ~ / ~ ~ ~  
RESERVOIR/opk/op2 
DIVERSIONfopL/op2 
R E T U R N ! ~ ~ E / Q ~ ~  
TEST/opl/op2 
PERIOD m i f y y y i  TO m2/yyy2 
HISARS 

I n  a d d i t i o n ,  SSARR and HISARS c o n t r o l  c a r d s  a r e  a c c e p t e d  under  r e s t r i c -  
t i o n s  o u t l i n e d  below. (The command language  i s  d e s c r i b e d  i n  more d e t a i l  
i n  Chap te r  3 , )  

The purpose  of t h e  f i r s t  f o u r  commands i s  t o  s p e c i f y  where s t ream-  
f l o w  r e c o r d s  a r e  r e q u i r e d  and where a  r e s e r v o i r ,  d i v e r s i o n  o r  r e t u r n  
p o i n t  i s  t o  b e  l o c a t e d .  I n  e a c h  c a s e ,  t h e  f i r s t  operand s p e c i f i e s  t h e  
sub-bas in  i n  w5ich t h e  p o i n t  i s  l o c a t e d ,  and t h e  second ( o p t i o n a l )  
operand s p e c i f i e s  t h e  wa te r shed  a r e a  above t h e  p o i n t .  

The TEST command i s  used t o  compare s i m u l a t e d  and observed  stream- 
f l o w  r e c o r d s .  The simulated r e c o r d  is  f o r  t h e  p o i n t  s p e c i f i e d  by t h e  
f i r s t  STREAMFLOW c o n t r o l  c a r d .  The f i r s t  operand s p e c i f i e s  t h e  U.S. 
G e o l o g i c a l  Survey s t a t i o n  number f o r  t h e  observed r e c o r d ,  and t h e  second 
operand s p e c i f i e s  t h e  wa te r shed  a r e a .  

The PERIOD command l i m i t s  t h e  p e r i o d  of r e c o r d  f o r  which s i m u l a t i o n  
i s  r e q u i r e d .  I f  i t  i s  o m i t t e d ,  t h e  s t a n d a r d  p e r i o d  used i n  c r e a t i n g  t h e  
permanent f i l e  i s  u s e d .  

The HISARS command s p e c i f i e s  t h a t  HISARS p r o c e s s i n g  i s  d e s i r e d .  It 
must be  fo l lowed  by HISARS conmands t o  s p e c i f y  the p r o c e s s i n g  r e q u i r e d .  

SSARR c o n t r o l  c a r d s  may b e  i n c l u d e d  i n  t h e  i n p u t  deck ,  and a r e  
r e q u i r e d  i n  some c a s e s .  R e s e r v o i r  d i v e r s i o n  and r e t u r n  p o i n t  c h a r a c t e r -  
i s t i c s  must b e  e n t e r e d  on SSARR c o n t r o l  c a r d s ,  and shou ld  be  e n t e r e d  
immediate ly  f o l l o w i n g  t h e  CONTROL command f o r  t h e  p o i n t .  A  number of 
o p t i o n a l  f e a t u r e s  i n c l u d i n g  t h e  SSARR o u t p u t  f a c i l i t i e s  can a l s o  b e  
o b t a i n e d  u s i n g  SSARR c o n t r o l  c a r d s .  



What CONTROL does  as a  consequence of c e r t a i n  commands be ing  g i v e n  
depends on t h e  p a r t i c u l a r  c h a r a c t e r  of t h e  commands. There  are t h r e e  
n a j o r  s u b - c l a s s e s  i n  t h e  p r o c e s s i n g :  

1 )  No SSARR p r o c e s s i n g  i s  r e q u i r e d .  T h i s  w i l l  be  t r u e  i f  o n l y  
STREAWqLQW, HISARS and o p t i o n a l  PERIOD commands a r e  used ,  and on t h e  
STREWLOW commands o n l y  t h e  f i r s t  operand i s  s p e c i f i e d .  I n  t h i s  c a s e ,  
t h e  r e q u i r e d  s i m u l a t e d  s t reamf low r e c o r d s  a r e  a l r e a d y  i n  t h e  permanent 
f i l e ,  and no s i m u l a e i o n  i s  r e q u i r e d ,  C o n t r o l  p a s s e s  d i r e c t l y  t o  HISARS. 

2 )  Streamflow s i r r iu la t ion i s  r e q u i r e d ,  h u t  1-10 r e s e r v o i r s ,  d i v e r s i o n s  
o r  r e t u r n  p o l n t s  a r e  s p e c i f i e d ,  Th i s  w i l l  be  t r u e  i f  STREAMFLOW commands 
a r e  u s e d ,  w i t h  bo th  t2perand; spe~ified on one o r  more conmands, w i t h  
o p t i o n a l  TEST, PERIOD and NISARS coinniands, I n  e h i s  c a s e ,  s i m u l a t e d  
s t reamf low r e c o r d s  f c r  whole sub-baskns (second operand omitped)  a r e  
cop ied  f r o u  t h e  permanent f i l e ,  For  p a r t i a l  sub-bas ins ,  t h e r e  a r e  two 
a l t e r n a t i v e s ,  If t h e  p a r t i a l  sub-basin  i s  i n t e r n a l  t o  a sub-bas in  o n l y  
t h e  wa te r shed  c l - t a ~ a c t e r i s t ~ c  aild cor responding  c o n f i g u r a t i o n  c a r d s  must b e  
c r e a t e d .  I f  t h e  p a r t i 2 1  suh-kas in  1s a long  a main c h a n n e l ,  t h e  wa te r shed  
and channe l  r e a c h  c h a r a c t e r f s e i c s  must; b e  c r e a t e d ,  t h e  ups t ream p o i n t  must 
be  i d e n t i f i e d ,  and conf igxrra t iop '  c a r d s  t o  r o u t e  t h e  upst ream f l o w  t o  t h e  
s p e c i f i e d  p o i n t  and add i n  t h e  Local r n f l o w  must b e  s p e c i f i e d .  

3 )  P u l l  s i m u l a t i o n  i s  r e q u i r e d .  T h i s  w i l e  be t r u e  i f  r e s e r v o i r s ,  
d i v e r s i o n s  o r  r e t u r n  p o i n t s  a r e  s p e c i f i e d .  The p a r r i c u l a r  i n f o r m a t i o n  re- 
q u i r e d  depends on t h e  s p e c i f i c a t i c n ,  b u t  i n  g e n e r a l ,  w a t e r s h e d ,  c h a n n e l  
r e a c h ,  r e s e r v o i r  and d i v e r s i o n  c h a r a c t e r i s t i c s  w i l l  be  r e q u i r e d .  Configu- 
r a t i o n  c a r d s  n e c e s s a r y  t o  r o u t e  i l o w s  from r e s e r v o i r s ,  d i v e r s i o n s  and 
r e t u r n  p o i n t s  (assumed upst ream) t o  s t reamf low p o i n t s  (assumed downstream) 
a r e  r e q u i r e d ,  and t h e  p o s s i b i l i t y  of segments i n  two d i f f e r e n t  r i v e r  
b a s i n s  ( f o r  i n t e r - b a s i n  t r a n s f e r s )  i n c l u d e d .  

CONTROL does  n o t  pe rmi t  swo o r  more s t reamf low,  r e s e r v o i r ,  d i v e r s i o n  
o r  r e t u r n  p o i n t s  w i ! ' l h i ~  a s F n g l e  sub-bas in ,  In  c a s e s  where t h i s  i s  r e -  
q u i r e d ,  e i t h e r  t h e  sub-basin  mush be szb-divlded o r  complete  SSARR c o n t r o l  
c a r d s  can be g i v e n ,  

CONTROL bbes f o u r  p e r m n e n t  d a t s  sets t o  o b t a i n  t h e  i n f o r m a t i o n  
r e q u i r e d  f o r  t h e  above a p ~ r a t i a n s ,  These d a t a  s e t s  c o n v e r t  t h e  e x t e r n a l  
sub-bas in  number g i v e n  by t h e  u s e r  i n t o  t h e  i n t e r n a l  number used by SSARR 
and HISARS, supp ly  t h e  corrple te  watershed, channe l  r e a c h  and t r a n s f e r  
p o i n t  c h a r a c t e r i s t i c s ,  and f u r n i s h  t h e  configuration information r e q u i r e d  
by SSARR. 

2 .8 .  System O u t l i n e  

T h i s  s e c t i o n  is  p r e s e n t e d  f o r  t h e  purpose  cf i d e n t i f y i n g  t h e  r e l a -  
t i o n s h i p s  between t h e  v a r i o u s  p a r t s  of t h e  sys tem.  The t e x t u a l  m a t e r i a l  
i s  a l s o  i l l u s t r a t e d  i n  P f g u r e  2 . 2 .  







Fortunate ly  for t h e  casual  use r ,  an a l t e r n a t i v e  e x i s t s  f o r  t h e  case  
where several, job steps are requ i red ,  The required  job control language 
s ta temeots  a r e  prepared i n  the form of a procedure, and s t o r e d  i n  a proce- 
dure  l i b r a r y .  To i l l u s t r a t e  t h e  convenience of t h e  system, t h e  fol lowing 
example provides t h e  compleee card deck requ i red  t o  s imula te  t h e  e f f e c t  of 
t h e  F a l l s  reservoir on streamflow a t  Kinston: 

For this job, CONTROL w i l l  provide the complete c o n t r o l  inpu t  f o r  
SSARR and HISAIIS, and processing w i l l  ensue ~ 5 t h  a r e t u r n  code of 0. A 
d a i l y  l i s t i n g  oE r e s u l t a n t  streamflow a t  Kinston w i l l  be  produced by 
HISARS . 



NCSSARR SYSTEM USER" GUIDE 

3.1 ,  In t roduc t ion  

NCSSARR i s  a system t h a t  has been developed t o  s imu la t e  streamflow 
a t  any p o i n t  i n  a r i v e r  b a s i n ,  The s imula ted  record  may be used t o  o b t a i n  
s tandard s t a t  i s t i  c a l  va lues ,  low flow es t ima te s  , dura t ion  curves and 
s i m i l a r  s t a t i s t i c s  a t  the  p o i n t ,  o r  may be s t o r e d  f o r  f u r t h e r  p roces s ing ,  

This gu ide  has been prepared eo acqua in t  t h e  u s e r  w i t h  s imple  tech- 
n iques  f o r  u se  of  t h e  system. More complete informat ion  on t h e  system is  
conta ined  i n  the  p r o j e c t  r e p o r t ,  

Ma te r i a l  is p re sen ted  i n  i nc reased  o r d e r  of complexity,  The r eade r  
i s  encouraged t o  proceed only a s  f a r  a s  necessary t o  meet h i s  requi re -  
men ts , 

Each ri;ler b a s i n  has been d iv ided  i n t o  a number of sub-basins which 
a r e  sma l l  enough t o  cons ider  t o  be homogeneous hydro logic  u n i t s ,  An 
example i s  shown i n  F igure  3 . 1  f o r  the  Neuse 3Lt.e~: above  F a l l s .  F igure  
3 , 2  i s  an a b s t r a c t  r e p r e s e n t a t i o n  of t h e  same area, showing t h e  Flow 
l i n k s  between t h e  sub-basins ,  

Each l a r g e  c i r c l e  r ep re sen t s  a sub-basin w i  t h  i t s  i d e n t i f i c a t i o n  
code. Under i t  i n  parentheses  i s  t h e  a r e a  of t h e  sub-basin. Each sma l l  
c i r c l e  r ep re sen t s  a summing p o i n t  a t  which flows comes toge the r  from 
two o r  more sub-basfns.  These have an i d e n t i f f c a t i o n  code wi th  an X pre- 
f i x ,  and t h e  t o t a l  upstream a r e a  i n  pa ren theses ,  

Along each main channel t h e r e  a r e  s e c t i o n s  c a l l e d  channel reaches,  
i n d i c a t e d  by a r e c t a n g l e ,  In t he se  reaches ,  flow i s  rou ted  from t h e  up- 
s t ream po in t  t o  t h e  downstream po in t ,  and flow t h a t  e n t e r s  from ehe s i d e s  
a s  l o c a l  inf low is  ass igned  a sub-basin which i s  assumed t o  o u t l e t  a t  t h e  
downstream p o i n t .  I n  some cases ,  two summing p o i n t s  a r e  s o  c l o s e  to- 
g e t h e r  t h a t  i t  i s  assumed t h a t  t h e r e  is no channel  reach between them, 
and n e i t h e r  r o u t i n g  no r  Xoeal in f low i s  assumed i n  t h e  s e c t i o n ,  

Reservoi rs  a r e  i n d i c a t e d  by t r i a n g l e s  and use  t h e  same X-designation 
a s  used by t h e  sqmmirrg p o i n t s .  

The l o c a t i o n  of a p o i n t  l o c a t e d  i n s i d e  a sub-basin i s  s p e c i f i e d  by 
t h e  sub-basin i d e n t i f i c a t i o n  code and t h e  upstream watershed a r e a ,  The 
o u t l e t  of t h e  bas in  i s  s p e c i f i e d  by t h e  sub-basin i d e n t f f i c a t i o n  a lone ,  and 
a summing p o i n t  o r  r e s e r v o i r  f s  s p e k i f i e d  by t h e  X-designation. Examples 
a r e  g iven  below, 



Figure 3.1. Map of sub-basins of Reuse River above Falls 
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3 . 3 .  Streamflow Simulat ion 

A r eques t  f o r  streamflow s imula t ion  a t  a p o i n t  i s  made by t h e  command 

where o p l  i s  t h e  i d e n t i f i c a t i o n  code, and op2 i s  t h e  watershed a rea ,  i f  
r e q u i r e d ,  ( I f  op2 i s  omi t ted ,  t h e  preceding s l a s h  should a l s o  b e  
omit ted.  ) 

The fo l lowing  examples i l l u s t r a t e  t h e  va r ious  a l t e r n a t i v e s :  

a )  Neuse River  n e a r  Northside - 
STREAMFLOW IXJOLH 

b)  O u t l e t  of L i t t l e  H v e r  - 
STWAMlj'EOW/JO&B 

e )  Area of 59 .5 squa re  mi les  on F l a t  River  - 

d) Area of 24 squa re  mi l e s  w i t h i n  Bayleaf l o c a l  sub-basin - 

e)  Area of 700 squa re  mi les  on Neuse River  between Bayleaf and 
F a l l s  - 

Whenever a po in t  i s  loca t ed  w i t h i n  a sub-basin, t h e  a r e a  s p e c i f i e d  
must b e  l e s s  t han  t h e  va lue  given f o r  t h e  sub-basin a r e a  i n  t h e  f i g u r e ,  
However, f  f  a p o i n t  is  l o c a t e d  a long  one of t h e  channel  reaches ,  t h e  a r e a  
s p e c i f i e d  must be  g r e a t e r  t han  t h a t  s p e c i f i e d  a t  t h e  upstream p o i n t ,  and 
i t  cannot exceed t h a t  va lue  by more than  t h e  a r e a  of t h e  l o c a l  sub-basin. 
In  example ( e )  above, t h e  a r e a  must b e  between 676 and 770 squa re  mi l e s .  
S imi l a r ly ,  f o r  a p o i n t  on t h e  Eno River  between W i l l a r d v i l l e  and Fa i rn tosh  
t h e  a r e a  must be between 256 and 262 squa re  mi l e s .  

NCSSAKR s t o r e s  s imula ted  records  f o r  t h e  outf lows of a l l  sub-basins 
and s treamflows a t  a l l  summing p o i n t s .  The process ing  t h a t  5s r equ i r ed  
depends on t h e  l o c a t i o n :  



a) I f  streamflow i s  reques ted  a t  a b a s i n  o u t l e t  (no watershed a r e a  
s p e c i f i e d ) ,  t h e  record  is  simply r e t r i e v e d  from s t o r a g e  f o r  maximum 
e f f  i c i e n c y  ; 

b) I f  streamflow i s  requested w i t h i n  a sub-basin ( a r e a  l e s s  than  
sub-basin a r e a ) ,  streamflow i s  s imula ted  f o r  t h e  p a r t i a l  sub-basin; 

c) I f  streamflow is reques ted  w i t h i n  a channel reach  ( a r e a  g r e a t e r  
than  t h e  upstream a r e a ) ,  s t reamflow i s  s imula ted  f o r  t h e  p a r t i a l ? l o c a l  
a r e a ,  upstream flow i s  routed  through t h e  p a r t i a l  reach ,  and t h e  two a r e  
added toge the r .  

1 )  The word STREAMFLOW must start  i n  Col. l of t h e  card.  

2) The i d e n t i f i c a t i ~ n  code must b e  preceded by a s l a s h ,  which may 
b e  preceded and fol lowed by- b l anks ,  An i d e n t i f i c a t i o n  code must b e  
given.  

3) The watershed a r e a ,  i f  given,  must be preceded by a s l a s h ,  which 
may b e  preceded and fol lowed by blanks.  The watershed a r e a  must b e  g iven  
i n  s q u a r e  mi l e s .  

4 )  Up t o  1 5  l o c a t i o n s  may be  s p e c i f i e d  i n  a s i n g l e  job .  However, 
no more than  one may b e  s p e c i f i e d  w i t h i n  a s i n g l e  sub-basin. 

5 )  Each s treamflow r e q u e s t  must b e  on a s e p a r a t e  card .  

3.4. L imi t ing  t h e  Pe r iod  of Record 

NCSSARR s imula t ion  has  been made more e f f i c i e n t  by s t o r i n g  s imula ted  
records  f o r  b a s i n  o u t l e t s  and summing p o i n t s .  These r eco rds  have a l l  been 
s imu la t ed  us ing  r a i n f a l l  d a t a  f o r  a f i x e d  25-year r eco rd  (January 1949 - 
December 1973).  I f  i t  i s  d e s i r e d  t o  o b t a i n  va lues  f o r  a s h o r t e r  t i m e  
i n t e r v a l  dur ing  t h a t  per iod ,  t h e  command 

PERIOD ml/yyyl TO m2/yyy2 

i s  used, where m l  and yyy1 a r e  t h e  beginning  month and y e a r ,  and m2 and 
yyy2 t h e  ending month and y e a r  r e s p e c t i v e l y .  

Note t h a t  f o r  normal NCSSARR u s e ,  ml/yyyl must b e  no e a r l i e r  than  
1/1949, and m2/yyy2 no l a t e r  than  1211973. Opt iona l  f a c i l i t i e s  permit  
s i m u l a t i o n  f o r  o t h e r  t ime pe r iods .  



1 )  The word PERIOD must s t a r t  i n  Col.  1 of t h e  c a r d .  

2) The remainder  of t h e  c a r d  fo rmat  r e q u i r e s  f o r  each d a t e  a  s l a s h  
preceded by t h e  month and fo l lowed  by t h e  y e a r .  Blanks s h o u l d  s e p a r a t e  
PERIOD and t h e  ewo d a t e s ,  b u t  t h e  i n t e r m e d f a t e  word i s  n o t  r e q u i r e d .  

3.5. HLSARS P r o c e s s i n g  

S i m u l a t i o n  of r e c o r d s  must b e  fo l lowed  by some t y p e  of o u t p u t .  Al- 
though o t h e r  t y p e s  o f  o u t p u t  a r e  a v a i l a b l e  ( S e c t i o n  3 . 1 0 . 9 ) ,  HISARS pro- 
c e s s i n g  i s  most c o n v e n i e n t ,  S i n c e  HISARS can a l s o  b e  used t o  p r o c e s s  
observed  r e c o r d s ,  comparisons  between s i m u l a t e d  and observed  r e c o r d s  can 
be c o n v e n i e n t l y  made. 

HISARS p r o c e s s i n g  I s  r e q u e s t e d  by t h e  command 

RESARS 

fo l lowed  by HISARS commands t o  s p e c i f y  t h e  cype  s f  p r o c e s s i n g  d e s i r e d .  
The f o l l o w i n g  f a c i l i t i e s  are a v a i l a b l e :  

LIST MONTHLY - produces  a l i s t i n g  of monthly t o t a l s ;  
LEST DAILY - p r c d u c e s  a l i s t i n g  of d a i l y  a v e r a g e s ;  
COPY - produces  a  cop ied  form of o u t p u t  f o r  u s e  i n  FORTRAN pro- 
grams ; 

4 )  PROCESS - i n d i c a t e s  t h a t  one o r  more of t h e  f o l l o w i n g  forms of 
p r o c e s s i n g  i s  r e q u i r e d :  

DAILY STATISTICS - computes s t a n d a r d  s t a t i s t i c s  f o r  d a i l y  
a v e r a g e s ;  
MONTHLY STATISTICS - computes s t a n d a r d  s t a t i s t i c s  f o r  
monthly t o t a l s ;  
DAILY FREQUENCY - computes s t a n d a r d  s t a t i s t i c s  and a cumu- 
l a t i v e  f r e q u e n c y  d i s t r i b u t i o n  of d a i l y  a v e r a g e s ;  
MONTHLY FREQUENCY - computes s t a n d a r d  s t a t i s t i c s  and a 
c u m u l a t i v e  f r e q u e n c y  d i s t r i b u t i o n  of monthly t o t a l s ;  
RANK ORDER - l i s t s  t h e  l a r g e s t  d a i l y  a v e r a g e s  i n  ranked 
o r d e r  ; 
MONTHLY MASS ANALYSIS - p l o t s  t h e  accumula t ion  of monthly 
t o t a l s  t h r o u g h  t i m e ;  
M I N I M U M  FLOW ANALYSIS - computes t h e  a v e r a g e  minimum f low 
f o r  p e r f o d s  of v a r i o u s  l e n g t h s ;  
MAXIMUM FLOW ANALYSIS - computes t h e  a v e r a g e  maximum f l o w  
f o r  p e r i o d s  of v a r i o u s  l e n g t h s ;  
PLOW DUKATION TABLE - t a b u l a t e s  t h e  number of days  t h a t  t h e  
f l o w  was w i t h i n  v a r i o u s  c l a s s  i n t e r v a l s ;  
FLOW DURATION CURVE - p l o c s  t h e  f r e q u e n c y  o f  d i s c h a r g e  
g r e a t e r  t h a n  g i v e n  r a t e s ,  



Addjtional information on these facilities including optional parameter 
usage is given in the H I S U S  Reference Manual (Wiser, 1975). 

All of the EXSARS commands and processing requests 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 H I S U S  is illustrated in the example below. 

3 , & ,  Complete - Job Requirements 

The fol.lowizlg card deck is all that is required to simulate stream- 
flow at the outlets of h a p  of Reeds Creek and Reaverdam Creek and to 
obtain NLSARS listings of the monthly totals and of the largest daily 
average flows : 

./'/jnnrne JOB uaa, bbb. ccccc,uname,M=l 
//%PRffCE IB=NCS.  GGE. 12025. LJISER. SSRRL I B  
,./.f EXEC NCSSGiRR 

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

Specifications- ------- 
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. 

2) The second card should be punched exactly as shown, starting in 
Col. I 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 eontalns //G.SYSIN starting in Col. 1, followed 
by one or more blanks,,the word DD, one or more blanks and an asterisk. 



5)  2Le last two cards contain /#< and j /  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 

where opl and op2 are exactly as defined and used under Streamflow Simu- 
lation above. For example, to simulate a reservoir at the outlet of 
Beaverdam Creek, the card would be 

NCSSARR supports reservoir regulation facflities of SSARR, with the 
exception of che baekwacer option. It is possible to specify initial 
capacity and outflow, and the reservoir may be operated as a free-flow 
lake, either with outflow equal to inflow or with one routing phase. 
Alternatively, reservoir operation can be completely controlled, with out- 
flow, elevation, storage or rate of change of any sf 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. 

Specifi cat ions - - - - - - - - 

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 reservoir. 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 fnflow. Card format for the table is as follows: 



Col. 
Col. 

Co1. 
Col. 
Col. 

Col. 
Col, 
eel. 

1-2: C1 
3-4 : Card sequence number 
First pcint 

1 7 - 2 3 :  Elevation as xxxxx.xx feet 
24-30:  Discharge eapaefty in cfs. 
3 7 - 4 5 :  Storage fn acre-feet 
Second point 

4 6 - 5 2 :  Elevation as xxxxx.xx feet 
5 3 - 5 9 :  Discharge capacity in cis. 
6 6 - 7 4 :  Storage j_n acre-feet 

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

where clpl and op2 are exactly as defined and used under Streamflow Simu- 
lation above. For e x m p k ,  to simulate a diversion from the outlet of 
Beaverdam Creek, the card would be 

- XCSSARR 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 p o i n t ,  i.e., without area specified, or an upstream 
point, i.e., with a lower internal station number. 

A return flow can be specified 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, or of the p~eceding diversion. In 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. 



1 )  The words DIVERSION o r  RETURN must s t a r t  i n  Col.  1 of t h e  c a r d .  
Other  s p e c i f i c a t i o n s  a r e  t h e  same a s  t h o s e  f o r  t h e  STREAMFLOW c a r d .  

2) A t  l e a s t  one  downstream s t reamf low s i m u l a t i o n  p o i n t  must b e  
s p e c i f i e d .  I f  t h e  p o i n t  of d i v e r s i o n  and t h e  p o i n t  of r e t u r n  are i n  d i f -  
f e r e n t  b a s i n s ,  a downstream s t r e a m f l o w  s i m u l a t i o n  p o i n t  i n  e a c h  b a s i n  i s  
r e q u i r e d .  

3)  The f u n c t i o n a l  r e l a t i o n s h i p  between d i v e r s i a n / r e t u r n  and stream- 
f l o w  i s  s p e c i f i e d  by a em-d w i t h  f o r m a t :  

Col.  1-4: CC02 
Col.  30-34: C o n t r o l  s t a t i o n  code ,  l e f t  j u s t i f i e d  

a )  I f  t h e  eo~x t rc r l  p o l n t  i s  t h e  p o i n t  of d i v e r s i o n  o r  r e t u r n  
l e a v e  t h f s  f l e l d  b l ank .  

b)  I f  t h e  r e t u r n  f low i s  t o  be  a  f u n c t i o n  o f  t h e  p r e c e d i n g  
d i v e r s i o n ,  punch DIVER. 

Col.  36-39: C o n t r o l  s t a t i o n  r e l a t i o n  
Col.  40-43: C o n t r o l  p e r c e n t a g e  

a) I f  t h e  f u n c t i o n a l  r e l a t i o n s h i p  i s  a  f i x e d  p e r c e n t a g e ,  l e a v e  
Col .  36-39 b l a n k  and punch t h e  p e r c e n t a g e  i n  Col.  40-43. 

b )  I f  i t  i s  a t a b u l a r  f u n c t i o n ,  punch t h e  t a b l e  number ( s e e  
below) i n  Col .  36-39 and punch 0100 i n  Col .  40-43. 

4 )  I f  a t a b u l a r  r e l a t i o n s h i p  i s  u s e d ,  t h e  t a b l e  must b e  g i v e n .  
The c a r d  fo rmat  i s :  

Col .  1-2: CT 
Col .  3-4: Sequence number 
Col.  10-13: T a b l e  number ( f o u r  d i g i t s ,  s ta r t  w i t h  99) 
Col.  19-26: F i r s t  word 
Col.  27-34: Second word 
Col .  35-42: T h i r d  word 

. . .  
Col .  67-74: Seven th  word. 

The f i r s t  word on  t h e  f i r s t  c a r d  must b e  a 2.  T h e r e a f t e r ,  f o r  each  p o i n t  
i n  t h e  t a b l e ,  two words a r e  u s e d :  t h e  f i r s t  i s  t h e  c o n t r o l  s t a t i o n  f l o w  
and t h e  second i s  t h e  d i v e r s i o n / r e t u r n  f low.  As many p a i r s  of words are 
used  as r e q u i r e d ,  c o n t i n u i n g  on a d d i t i o n a l  c a r d s  as n e c e s s a r y  w i t h o u t  
l e a v i n g  any  words b l a n k  u n t i l  t h e  end of t h e  t a b l e .  



5) I f  t h e  r e t u r n  f l o w  i s  a  f u n c t f o n  of t h e  d i v e r s i o n ,  and t h e  
r e t u r n  p o i n t  i s  upst ream from t h e  d i v e r s i o n ,  NCSSARR r e q u i r e s  t h a t  t h e  
c o n t r o l  p o i n t  f o r  t h e  d i v e r s i o n  be  e i t h e r  s t o r e d  o r  ups t ream from t h e  
r e t u r n  p o i n t ,  and t a b u l a r  r e l a t i o n s h i p s  may n o t  b e  used f o r  b o t h  r e l a -  
t i o n s ,  i . e ,  a t  l e a s t  one must be a  f i x e d  p e r c e n t a g e .  I f  t h e  r e t u r n  
p o i n t  i s  d o w ~ s t r e a m  from t h e  d i v e r s i o n ,  t h e r e  a r e  no r e s t r i c t i o n s .  

Example: A wi thdrawal  o f  w a t e r  i s  t o  b e  made from t h e  F l a t  R i v e r  above 
Lake Michie .  The wi thdrawal  w i l l  e q u a l  s t reamf low below 50 c f s ,  and 50 
c f s  o t h e r w i s e .  30% of t h e  wi thdrawal  w i l l  b e  r e t u r n e d  t o  t h e  Eno 
R i v e r  n e a r  W f l l a r d v i l l e .  The f o l l o w i n g  c a r d s  a r e  r e q u i r e d :  

3 .9 ,  The TEST Opeion -- 
A un ique  f e a t u r e  of SSARK p e r m i t s  t h e  comparison between observed  

and s i m u l a t e d  r e c o r d s  n o t  on ly  of r a t e s  a t  p e r i o ? i c  i n t e r v a l s ,  b u t  a l s o  o f  
accumulated f low.  T h i s  E s  done by add ing  s i m u l a t e d  f l o w  i n t o  a s y n t h e t i c  
r e s e r v o i r  and s u b t r a c t i n g  ~ b s e r v e d  f low.  By s p e c i f y i n g  t h e  p r o p e r  s t a g e -  
s t o r a g e  r e l a t i o n ,  t h e  d e p t h  o f  w a t e r  i n  t h e  r e s e r v o i r  may be  d i r e c t l y  
i n t e r p r e t e d  as wate r shed  i n c h e s .  A p r i n t e d  plo! showing observed  and 
s i m u l a t e d  f l o w  r a t e s  and r e s e r v o i r  e l e v a t F o n  is  u s e f u l  f o r  f i t t i n g  para -  
m e t e r s  and t e s t i n g  r e s u l t s .  

T h i s  f e a t u r e  of SSARR i s  s u p p o r t e d  I n  NCSSARR bay t h e  TEST command 

where o p l  i s  t h e  U.S. G e o l o g i c a l  Survey s t a t i o n  f o r  t h e  observed  r e c o r d ,  
and op2 i s  t h e  wa te r shed  a r e a  ( r e q u i r e d  t o  s p e c i f y  t h e  s t a g e - s t o r a g e  r e l a -  
t i o n )  . 
Spec i f  i c a t i o n s  - - - - - - - -  

1 )  The ,word TEST must s t a . r t  i n  Col .  P of t h e  c a r d .  

2) The observed  s t a t i o n  number must be  p receded  by a s l a s h ,  which 
may b e  p receded  and fo l lowed  by b l a n k s .  

3 )  The wate r shed  a r e a  must b e  p receded  by a  s l a s h ,  which may b e  
p receded  and fo l lowed  by b l a n k s .  



4 )  The TEST o p t i o n  may be  used o n l y  once j n  a  r u n .  The s i m u l a t e d  
r e c o r d  used i n  t h e  comparxsur: I s  that s p e c i f i e d  by t h e  f i r s t  STREAMFLOW 
conrrol .  cctrd, which must p recede  t h e  TEST c o n t r o l  c a r d .  

5) The p r i n t e d  p l o t  u s e s  a  f l o w  s c a l e  of 0  t o  PO000 c f s  by d e f a u l t .  
To change. t h e  maximum, punch t h e  r e q u i r e d  v a l u e  i n  Col.  51-57 of t h e  TEST 
c a r d .  

6 )  The p r i n t e d  plot u s e s  a volume s c a l e  of -25 t o  25 i n c h e s  of 
accumulated d i f f e r e n c e  between slrnvEated and observed f l o w s .  To change 
t h e  l i m i t s ,  punch t h e  r e q ~ i r e d  minbmm in Col. 61-67 and maximum i n  Col.  
71-37 of che TEST c a r d ,  

7 )  To s u p p r e s s  the pri rz ted p l c t ,  punch "NO' i n  Col .  51-52 of t h e  
TEST c a r d ,  

A number o f  a d d i t i o n s 1  f e a t u r e s  i n c r e a s e  t h e  u t i l i t y  of NCSSARR. 
They have n o t  been fu t r r rdueed  p r e v i o u s l y  because  they  i n  g e n e r a l  compli-  
c a t s  u s e  of  he sybteni, The u s e r  i s  urged t o  bec3me f a m i l i a r  w i t h  
f e a t u r e s  d i s c u s s e d  above b e f o r e  a t t e m p t i n g  t o  T A W  ,$.is s e c t i o n .  

These f e a t u r e s  e x t e n d  t h e  c a p a b i l i t i e s  o f  NCSSARR t o  make f u l l  u s e  
of SSARR. T h i s  r e q u i r e s  that t h e  s i m p l i f i e d  command language  of NCSSARR 
be  r e p l a c e d  t o  a g r e a t e r  e x r e n t  by SSARR c o n t r o l  c a r d s .  One o p t i o n  even 
p e r m i t s  t o t a l  use  of SSARR c o n t r o l  c a r d s .  

Except f o r  t h e  all-SSARR o p t i o n ,  a d d i t f o n a l  f e a t u r e s  a r e  o b t a i n e d  
by o v e r r i d i n g  t h e  NCSSARR d e f a u l t s .  The NCSSARR command c a n  u s u a l l y  b e  
fo l lowed  Qmmedfately by rhe modi fy ing  SSARR c o n t r o l  c a r d s .  In  s u c h  c a s e s ,  
NCSSARR w i l l  f i l l  r he  c o r r e c t  s t a t i o n  number i n t o  t h e  s t a t i o n  number ' 
f i e l d  of t h e  SSARR c o n t r o l  c a r d ,  s o  t h a t  i t  shou ld  be  l e f t  b l a n k .  Over- 
r i d i n g  i n f o r m a t i o n  a p p l i e s  o n l y  t o  t h e  b a s i n  o r  r e a c h  ups t ream from t h e  
p o i n t .  

In o t h e r  cases, the SSARR cards e i t h e r  cannot  d i r e c t l y  f o l l o w  t h e  
NCSSARR command, o r  a r e  u n r e l a t e d  t o  any such  commands, s o  t h a t  t h e  
s t a t i o n  number must be g iven ,  The u s e r  shou ld  u n d e r s t a n d  t h a t  t h e  i n t e r -  
n a l  s t a t i o n  number (an 8 - d i g i t  number) must b e  used r a t h e r  t h a n  t h e  sub- 
b a s i n  i d e n t i f i c a t i o n  codes .  The i n t e r n a l  numbers may b e  found on c e r t a i n  
l i s t i n g s ,  o r  may b e  o b t a i n e d  by making r u n s  w i t h  NCSSARR commands. 



3.10.1. Changing t h e  headings ----------------  

NCSSARR genera tes  t h e  heading "Streamflow Simulation" an ou tpu t .  If 
t h e  u se r  d e s i r e s  another  heading, t h i s  can be obta ined  by punching t h e  
heading on a  ca rd ,  l eav ing  Col. 1 blank,  and p u t t i n g  t h i s  card  f i r s t  i n  
t h e  c o n t r o l  deck. 

The heading and c e r t a i n  output  op t ions  a r e  c o n t r o l l e d  by t h e  SSARR 
J O B  card .  ThSs card can be punched according t o  SSARR requirements  
(Sec t ion  3 ,12 .1 ) ,  and p u t  f i r s t  i n  t h e  c o n t r o l  deck. 

3.10.3. The all-SSARR op t ion  - - - - - - - - - - - - - . - -  

I f  i t  i s  desired ro  bypass NCSSARR c o n t r o l  t o t a l l y ,  t h e  whole SSARR - 
deck i s  prepared acccrd lng  t o  SSARR s p e c i f i c a t i o n s  except  t h a t  Col. 1-4 of 
t h e  SSARR SOB card sholzid re& "JOBSp'. This op t ion  would be necessary  i f ,  
e , g .  a d i f f e r e n e  per iod  or  r e c o r d  were r equ i r ed  o r  a  s i n g l e  sub-basin 
w a s  t o  be broken down i v ~ o  smal le r  u n i t s .  

3.10.4. Modif ica t ion  of watershed c h a r a c t e r i s t i c s  - - - - - - '-" - - - - - - - - - - - - r_m I_. 

When any of t h e  STREAMFLOW, RESERVOIR, e t c .  commands a r e  given w i t h  
a  sub-basin s p e c i f i e d ,  a group of fou r  ca rds  a r e  r e t r i e v e d  fron) a  perman- 
en t  f i l e .  These f o u r  cards ( t h e  C B O l ,  CB02, CB03 and CB04 ca rds )  c o n t a i n  
parameters  and r e l a t i o x  i d e n t i f i c a t i o n  f o r  t h e  sub-basin. This  informa- 
t i o n .  can be over r idden  by fo l lowing  t h e  command w i t h  one o r  more of t h e  
f o u r  ca rds  a s  d e s i r e d .  The s t a t i o n  number w i l l  be  f i l l e d  au toma t i ca l ly  
so  i t  should be  omi t ted .  I f  a  new t a b u l a r  r e l a t i o n  i s  r equ i r ed  and i t  i s  
n o t  known t o  be s t o r e d ,  i t  w i l l  a l s o  have t o  be punched t o  fo l low t h e  CB 
ca rds .  

3.10.5. T o d i f i c a t l o n  ok channel  reach  c h a r a c t e r f s t i c s -  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Routing c h a r a c t e r i s t i c s  f o r  a  channel reach  a r e  on two pards  ( t h e  
C R O l  and CR02 ca rds )  which a r e  s to red  on a  permanent f i l e .  When NCSSARR 
determines t h a t  rou t ing  through a reach i s  necessary  dur ing  s imu la t ion ,  
t h e s e  c a r d s  a r e  re t r ieved . ,  Both must be rep laced .  Since they  a r e  un- 
r e l a t e d  t o  any cownand c a r d ,  they  may be placed toge the r  anywhere i n  t h e  
deck, and t h e  i n t e r n a l  s t a t i o n  number must be used. 



Reservoi r  c h a r a c t e r i s t i c s  a r e  on two cards  ( t h e  C L B 1  and CL02 
c a r d s ) ,  whfch a r e  c r ea t ed  by NCSSSLRJR a s  a  r e s u l t  of t h e  RESERVOIR command 
f o r  planned r e s e r v o i r s ,  or s t o r e d  on a  permanent f i l e  f o r  e x i s t i n g  r e se r -  
v o i r s ,  To modify an  e x i s t i n g  r e s e r v o i r ,  ove r r id ing  cards  should b e  
placed toge the r  a.iaywhere i n  t he  deck, and t h e  i n t e r n a l  s t a t i o n  number 
must be used, For a  r e s e r v o i r  s p e c i f i e d  on a  RESERVOIR command, over- 
r i d i n g  cards  should b e  placed immediately a f t e r  t h e  RXSERVQIR card and 
t h e  s t a t i o n  number omit ted.  

Reservof r s imu la t ion  a s  desc r ibed  prevf ousPy d e f a u l t s  co ope ra t ion  
as a  f r e e  flow l a k e .  It is p o s s i b l e  t o  s p e c i f y  completely e o n t r o l l e d  
ope ra t ion  of t h e  r e s e r v o i r  by use  of 6P and 6 s  c a r d s ,  Outflow, e l e v a t i o n ,  
s t o r a g e  o r  rate o f  change of any of t h e s e  may b e  s p e c i f i e d  on a  RESERVOIR 

b e  p laced  right a f t e r  RESERVOIR card and 
t h e  s t a t i o n  numbex umPt ixd ,  For e x i s t i n g  r e s e r v o i r s ,  che i n t e r n a l  s t a t i o n  
number must b e  given, 

Another o p t i o n  which i s  a  mod i f i ca t ion  of S?Am, permits  t h e  t a b l e  
r e l a t i n g  e l e v a t i o n  t o  s t o r a g e  and outf low t o  be -2aried a t  d i f f e r e n t  t imes 
of t h e  y e a r .  l ' h is  op t ion  e f f e c t i v e l y  permi ts  va ry ing  t h e  r u l e  curve f o r  
r h e  r e s e r v o i r ,  

For t h i s  op t ion ,  a t ab l e  is prepared f o r  each pe r iod ,  a s  desc r ibed  
i n  Sec t ion  3 , 7 ,  The minimum and maximum pool eEevat ions mus t b e  t h e  same 
f o r  each t a b l e ,  b u t  inmediate  e l e v a t i o n s  need n o t  match, and the  number of 
p o i n t s  i n  each t a b l e  need n o t  be t h e  same. 

On t h e  f i r s t  card of each t a b l e ,  t h e  fo l lowing  addf t i o n a l  i n f o m a t i o n  
i s  requi red :  

Col. 33-36: The last  day i n  t h e  pe r iod  x 10 .  
Col, 62-65: The number of p o i n t s  i n  t h e  t a b l e  x PO, 

Leap y e a r  is  ignored ,  so  t h a t  t h e  l a s t  day of t h e  l a s t  pe r iod  should  b e  
365. 

3.&0A8-e Modif ica t ion  of i n i t i a l  conditions- - -----------------  
I n i t i a l  cond i t i ons  a r e  s p e c i f i e d  on 2B,  2R and 2L cards  f o r  water- 

sheds ,  channel  reaches and l a k e s  r e s p e c t i v e l y  . Def auf t condi t ions  assume 
t h a t  s o i l  mois ture  i s  h a l f  f u l l  b u t  t h a t  reaches and r e s e r v o i r s  a r e  empty, 
Overr id ing  cards  should be pu t  r i g h t  a f t e r  command cards  t o  which they 
r e f e r  wi th  s t a t i o n  number omi t ted ,  o r  w i t h  i n t e r n a l  s t a t i o n  number g iven ,  



SSARR has a  number of ourput  op t ions  a v a i l a b l e ,  L i s t i n g s  a t  
p e r i o d i c  i n t e r v a l s  ( e , g .  d a i l y )  of watershed condi t ions  and a t  t h e  
v a r i o u s  p o i n t s  be ing  s imula ted  a r e  a v a i l a b l e ,  b u t  t h e s e  l i s t i n g s  
a r e  very  long and should probably be used only f o r  parameter  f i t t i n g .  
A p r i n t e d  p l o t  of flows a t  t h e  same i n t e r v a l s  i s  a l s o  a v a i l a b l e ,  and 
i s  of p a r t i c u l a r  i n t e r e s t  when flows a t  s e v e r a l  p o i n t s  a r e  t o  b e  
compared. 

The watershed condi t ion  l i s t 2 n g  is  obta ined  by changing a  c o n t r o l  
parameter  on t h e  CBOk card .  P r i n t e d  p l o t s  and l i s t i n g s  of streamflow 
output  a r e  obta ined  us ing  PL, PE, PH and PR ca rds .  These cards  must b e  
pvnched accs rd i ag  t o  t h e  SSARR s p e c i f i c a t i o n s  and i n t e r n a l  s t a t i o n  
numbers must be given.  

The tes t  op t i on  i s  normally used t o  compare s imula ted  w i t h  observed 
flows. It may be used i n  combination w i t h  r e s e r v o i r s  and d ive r s ions ,  s o  
t h a t  i t :  i s  p o s s i b l e  t o  compare flow wi thout  modi f ica t ions  t o  flow wi th  
mod i f i ca t ions .  It is necessary  only t h a t  the former be s t o r e d .  

I f  t h e  flow wi thout  mod i f i ca t ions  is  an observed r eco rd ,  t h e  format 
of Sec t ion  3,,9 is  used.  I f  t h e  flow wi thout  mod i f i ca t ions  is  a l s o  simu- 
l a t e d ,  t h e  name of t h e  f i l e  (u sua l ly  'RSIM') should b e  punched i n  Col.  41- 
44 of t h e  'TEST card .  Other opt ions  c w  b e  used a s  i n  Sec t ion  3.9.  

3.11. SSARR Card Ordering Requirements 

The fo l lowing  major groupings of cards  must be  i n  t h e  sequence 
given.  NCSSARR au toma t i ca l ly  c r e a t e s  t h i s  o r d e r i n g ,  

1 )  Sob card  - i n i t i a t e s  process ing  and s p e c i f i e s  some c o n t r o l  
op t ions ,  a l s o  s p e c i f i e s  t h e  heading t o  b e  used on p r i n t e d  ou tpu t .  

2) Tab les ,  and r a i n f a l l  and s t reamflow s f  a t i o n  c h a r a c t e r i s  t i c s  - 
i n c l u d e s  t h e  t a b u l a r  func t ions  used by t h e  watershed model. 

3) Conf igura t ion  c o n t r o l  - s p e c i f i e s  t h e  way t h e  major components 
of t h e  b a s i n  a r e  Pinked. 

4 )  Time c o n t r o l  - s p e c i f i e s  t h e  pe r iod  of record  f o r  t h e  run ,  

5) Heading ca rd  - used f o r  o p t i o n a l  subheadings.  

6 )  I n i t i a l  cond i t i ons  and time dependent d a t a  - s p e c i f i e s  i n i t i a l  
s o i l  mo i s tu re  cond i t i ons  i n  bas ins  and i n i t i a l  s t o r a g e  i n  l a k e s ,  a l s o  
d a t a  t h a t  change dur ing  t h e  run .  



7 )  Output c o n t r o l  o p t i o n s ,  i n c l u d i n g  p r i n t e d  p l o t t i n g  and l i s t i n g  
of r e s u l t s .  

8 )  End c a r d - t e r m i n a t e s  e x e c u t i o n  of t h e  r u n .  

3.12.  SSARR Card Format S p e c i f i c a t i o n s  ( a s  used w i t h  NCSSARR) 

There  f o l l o w  s p e c i f i c a t i o n s  f o r  SSARR c o n t r o l  c a r d s  a b s t r a c t e d  from 
t h e  SSARR u s e r  manual,  w i t h  t h e  e x c e p t i o n  o f  c e r t a i n  m o d i f i c a t i o n s  
r e q u i r e d  by NCSSARR, F u r t h e r  i n f o r m a t i o n  on u s e  of t h e  c a r d s  may be  
o b t a i n e d  from t h e  manual.  M o d i f i c a t i o n s  a r e  i d e n t i f i e d  w i r h  a n  (*). 

3 .12 .1 .  J ,  Job  c a r d  -----------  

Card Column --- 
l Card Code "J". 
2-4 Nut  p rocessed  - b u t  s e e  S e c t i o n  3 , 2 0 . 3 c  (gc) 

5-13 Sob number. - T h i s  numeric f i e l d  i s  p r i n r e d  i n  t h e  head ings  
produced by SSARR. 

14-19 Run d a t e ,  Numeric f i e l d ,  p r i n t e d  i n  rhe SSARR r e p o r t  head- 
i n g s ,  

2 1  Trace  code.  Used f o r  program debsggk2g, I f  non-zero,  
s e v e r a l  SSARR subprograms p r i n t  messages f o r  t r a c i n g  f low of 
c o n t r o l ,  

22 Heading code,  (Not w e d  by NCSSARR) (*) 
23 Disk f i l e  p r i n t ~ u t  code.  The f i x i d  c h a s a c r e r i s t i c s ,  i n i t i a l  

c o n d i t i o n s ,  and t i m e  dependent  d a t a  may be  p r i n t e d ,  A  "1" 
s u p p r e s s e s  p r i n t i n g ,  w h i l e  a b l a n k ,  "O", "2" o r  "3" c a u s e  
p r i n t i n g  a t  v a r i o u s  t ime  p o i n t s .  (See SSARR manual.)  

24 C h a r a c t e r i s t i c  f i l e  c o n t r o l  (*) 
I f  a "1" o r  "4" i s  punched, c h a r a c t e r i s r i c s  and t a b l e s  i n  
t h e  s t o r e d  c h a r a c t e r i s t i c  f i l e  a r e  used ,  

I f  a  "7" i s  punched, c h a r a c t e r i s t i c s  and t a b l e s  a r e  
a v a i l a b l e  from s t o r a g e ,  b u t  a r e  n o t  r e w r i t t e n  i n t o  
s t o r a g e  a t  comple t ion  of t h e  r u n .  (*) 

25-33 Varfous  SSARR c o d e s ,  (Not used by NCSSARR) (?k) 

34 P r i n t  s u p p r e s s  code ,  I f  non-blank, r u n  d e s c r f p t f o n  p r i n t o u t s  
are s u p p r e s s e d ,  These i n c l u d e  t h e  s t a t i o n  I f s t ,  t i m e  c o n t r o l  
d e s c r i p t i o n ,  and a  message i d e n t i f y i n g  i n p u t  d a t a  n o t  u s e d ,  

41-80 J o b  d e s c r i p t i o n .  P r i n t e d  i n  r e p o r t  h e a d i n g s ,  

3 ,12 .2 .  CF, T h r e e - v a r i a b l e  t a b l e  -----------------  

The t a b l e  g i v e s  t h e  r e l a t i o n s h i p  of a dependent  v a r i a b l e  t o  two 
independen t  v a r i a b l e s ,  Consider  a  f a m i l y  of c u r v e s  drawn on an  X ,  
Y c o o r d i n a t e  g r i d ,  Each c u r v e  r e p r e s e n t s  a  d i f f e r e n t  v a l u e  of Z. 



Then Z i s  t h e  second independent  v a r i a b l e ,  X i s  t h e  f i r s t  
independent  v a r i a b l e ,  and Y i s  t h e  dependent  v a r i a b l e ,  For  
example, on t h e  SMI r e l a t i o n  X i s  SMI, Z is  r a i n f a l l  f n t e n s i t y ,  
and Y i s  runof f  p e r c e n t a g e .  

The c a r d  fo rmat  c o n t a i n s  s e v e n  f i e l d s .  The f i r s t  f i e l d  c o n t a i n s  
t h e  v a l u e  of t h e  second independen t  v a r i a b l e  f o r  t h e  c a r d .  The 
remaining s i x  f i e l d s  a r e  p a i r s  o f  v a l u e s  ( f i r s t  independen t ,  
dependent  v a r i a b l e , '  r e ~ p e c t i v e l y )  d e s c r i b i n g  t h r e e  p o i n t s  on t h e  
second independent  v a r i a b l e  curve .  The X ,  Y p o i n t s  on a c a r d  must 
be  i n  a s c e n d i n g  sequence of X v a l u e s .  The CF c a r d s  must be  i n  
ascend ing  sequence of Z v a l u e s .  CF c a r d s  w i t h  t h e  same Z v a l u e s  
m u s t l b e  i n  ascend ing  sequence of X v a l u e s .  A l l  of t h e  c a r d s  f o r  a 
CF t a b l e  must b e  t o g e t h e r .  

Card Column 

1-2 Card code "CFfls. 
3-4 Sequence number ( n o t  p rocessed  by program).  

10-13 R e l a t i o n s h i p  i d e n t i f y i n g  number. 
19-26 "Z" v a l u e  f o r  c a r d ,  , 

27-34 X, v a l u e  o f  f i r s t  p o i n t ,  
35-42 Y v a l u e  of f i r s t  p a i n t ,  
43-50 X v a l u e  of second p o i n t .  
51-58 Y v a l u e  of second p o i n t .  
59-66 X v a l u e  o f  t h i r d  p o i n t .  
67-74 Y v a l u e  of t h i r d  p o i n t .  
75-80 Not p r o c e s s e d  - may be  used f o r  comments. 

3.12.3- CT, T a b l e  - - -  - -----  
T h i s  f s  t h e  g e n e r a l i z e d  t a b l e  c a r d  fo rmat  used  f o r  i n p u t t i n g  rela- 
t i o n s h i p s  i n  s e v e r a l  forms.  Each r e l a t i o n s h i p  ( s o i l  m o i s t u r e  i n d e x ,  
e v a p o t r a n s p i r a t i o n  i n d e x ,  e t c . )  hqs  a s p e c i f i c  format t h a t  must b e  
fo l lowed  i n  t h e  p r e p a r a t i o n  of t h e  CT c a r d s  t o  l o a d  t h a t  r e l a t i o n -  
s h i p .  

I The f i r s t  word of t h e  f i r s t  CT c a r d  o f  Che r e l a t i o n  d e t e r m i n e s  t h e  
number o f  words p e r  p o i n t  i 'n t h e  t a b l e . '  Only a 2 o r  3 may appear  

I 

i n  t h i s  word. 

If  t h e  f i r s t  word of t h e  f i rs t  c a r d  c o n t a i n s  a two, t h e  r e l a t i o n  i s  
i n t e r p r e t e d  a s  a t a b l e  w i t h  two words p e r  p o i n t .  Words two and 
t h r e e  o f  t h e  f i r s t  c a r d a r e  t h e  independen t  and dependent  v a r i a b l e s ,  
r e s p e c t i v e l y ,  o f  t h e  f i r s t  p o i n t  i n  t h e  t a b l e .  Words f o u r  and f i v e ,  
s i x  and seven ,  and e t c .  a r 6  a d d i t i o n a l  p o i n t s  i n  t h e  t a b l e .  The 
independen t  v a r f a b l e  must be  i n  a s c e n d i n g  sequence.  A decimal  may 
b e  punched i n  t h e  word, and t h e  word may h e  made n e g a t i v e  by i n s e r t -  



ing a minus sign preceding the first significant digit. 

Card Column 

1-2 Card code "CT". 
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 wohd on card. 
59-66 Sixth wcrd on card, 
67-74 Seventh word on card, 

. 75-80 Not prscessed, xiay be used for eornmenrs. 

This ~ a i d  is used to identify complete identification numbers and 
file names for records on external files. (*) 

Card Column 

1-2 Card code ''CP''e 
10-13 Internal (SSARR) number for rain gage, blank for stream gage. 

("1 
, 33-36 DDNAME of external file. (*) 

41-48 Station identification number. (*) 

Card Column - 

1 Card code "C"'. 
2 River steation type. "B" = Maters hed, "R" = Reach, "L" = Lake, 

I 1  It = C Transfer Point. 
3-4 Must contain "@lt' for card fde6tification. ' 
5-13 Rfver statfon or watershed idehtifying 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 h i t i d  condition output code. Punch "2". (%) ' 



24-26 3 - v a r i a b l e  t r a n s f e r  p o i n t  code.  (Not used by NCSSARR.)(*) 
31-74 S t a t i o n  bamk and d e s c r i p t i o h .  P r i n t e d  on a l l  r e p o r t s  f o r  

t h i s  s t a t i o n .  

3.12.6.  ~ B f l 2 ,  Second wate r shed  c h a r a c t e r i s t i c  c a r d  
- - - - - - - - 1 - - - - - - - - - - _ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _ _  

Card Column 

Card code "CBfl2". 
Watershed s t a t i o n  n ~ m b e r .  
D r a i n a g e n a r e %  i n  s q u a r e  m i l e s .  
Number o f  s u r f a c e  r o u t i n g  p h a s e s .  
S u r f a c e  t i m e  of s t o r a g e  a s  xxx.x h o u r s .  
Numaer of s u b s u r f a c e  p h a s e s .  
Subsur face  t.ime of s t o r a g e  a s  xxxx.x hobrs .  
Base flow r o u t i n g  p h a s e s .  
Basc f l a w  time of s t o r a g e  a s  xxxx,x h o u r s .  
Base f:.cw -?-?Eel r r a e i o c  h d e x  t i n e  "of s t o r a g e  f o r  r i s i n g  d i s -  
charge a s  xxxx,x h o u r s ,  (TSWIZ), 
T a b l e  nt~ber c f  p r e c i p i t a t i o n  (iacFss/day) v s .  KE r e l a t i o n  
(o r  SMI vs .  Dl% wi th  d a i l y  ETI).. , 
Snow-depletior c a b l e  number. (Not iced by NCSSARR) ('$) 
Punch '' .99SYa i k )  

T a b l e  number :f ?fcr;nth vs .  ~ v a ~ o t r & ~ i r a t i o n  Index. 
Tab le  number o f  $ail Mois ture  Index  vs, R m o f f  P e r c e n t  
r e l a t i o n ,  
Base f low Znf i iEr ra t ion  Index  t i m e  of s t o r a g e  f o r  f a l l i n g  
: d i s c h a r g e  as xxxx.x h o u r s ,  (TSBII) 
Upstream d r a i n a g e  area i n  s q u a r e  m i l e s .  For  headwater  and 
t r i b u t a r y  a r e a s ,  u s e  999999. ( 6 )  

, 

3.12.7 .  ~ ~ 0 3 ,  T h i r d  wa te r shed  c h a r a c t e r i s t i c  c a r d  
------I------------------- 

Card Column 

Card code "CBO3"'. 
Watershed s t a t i o n  number. 
T a b l e  numbe,r o f  Outflow vs.. S u r f a c e  Time-of-storage,  
T a b l e  number of Baseflow I n f i l t r a t i o n  I n d e x  v s .  P e r c e n t  05 
Runoff t o  Basef low. ,  
Maximum B I I  xxx.xx i n c h e s / d a y .  
T a b l e  number o f  S u r f a c e ~ S u b s u r f a c e  t o t a l  v s .  S u r f a c e  com- 
ponen t .  
Snowmelt f a c t o r s  n o t  used by NCSSARR. (A) 



Card Column 

1-4 Card code "CBfl4". 
5-13 Watershed s t a t i o n  number. 

1 9  Data code ,  "3" f o r  p r e c i p i t a t i o n  s t a t i o n s  
20-23 Hydromec s t a t i o n  number 
24-26 Weight i n  p e r c e n t  (xxx.), 
27-34 Data code ,  s t a t i o n  number and weigh t  f o r  
35-42 Data code,  s t a t i o n  number and  weigh^ f o r  
43-50 Date co5e,  s t a t i o n  number and wkight  f o r  
51-58 Data code,  s t a t i o n  number and weight  f o r  
59-66 Dam code,  s t a t i o n  number and weight  f o r  
67-74 Data code,  s t a t i o n  number and weigh t  f o r  
75-80 K o r  p r o c e s s e d ,  may be  used f o r  comments. 

3 .12.9 .  CRfl2, Szcond reach c h a r a c t e r i s t i c  ear! 

Card Cclmn - 
1-4 Card code "Cf$Zn, 
5-13 S t a t i o n  nunher ,  

second s t a t i o n .  
t h i r d  s t a t i o n .  
f o u r t h  s t a t i o n .  
f i f t h  s t a t i o n ,  
s i x t h  s t a t i o n ,  
s e v e n t h  s t a t i o n .  

a s  r e q u i r e d .  

26-27 Number o f  r o u t i n g  2hzses (must b e  g r e a t e r  rhan z e r o ) .  
28-31 n v a l u e  for KTS/Qn computat ion a s  x .xxx.  I f  n  is  z e r o ,  t h e  

t ime-of - s to rage  i s  e x t r a c t e d  from t h e  s t a g e - d i s c h a r g e  t a b l e  
("CP" t a b l e ) .  

32-37 KTS v a l u e  a s  xxxx.xx hours .  ( r e q u i r e d  i f  n  i s  non-zero) 

3 .12.10.  CZ02, Second l a k e j r e s e r v o i r  characteristic c a r d  
- - - - _ - - - - - - - - - - _ _ - - _ _ _ _ I - - - - - - - - - - -  ,, 

Card Column 

1-4 Card code "CLfl2'" , 

5-13 S t a t i o n  number, 
15-24 Backwater codes .  (Not used by NCSSAJXR). (*) 
38-44 Naxiwm p o o l  e l e w a r f o n  (upper  bound) as xxxxx.xx f e e t .  
45-51 Minimum p o o l  e l e v a t i o n  ( lower  bound) a s  xxxxx.xx f e e t .  

Card Column 

1-4 Card code " ~ C f i 2 " ~  
5-13 S t a t i o n  number, 



1 5  S ign  r e v e r s e  code.  I f  column 1 5 . 5 s  non-zero,  computer ou t -  
f l o w s  f o r  t h i s  s t a t i o n  are m u l t i p l i e d  by -1. 

16-24 Loca l  s t a t i o n .  I f  t h i s  f i e l d  i s  non-zero,  i t  i s  assumed t h a t  
t h i s  l o c a l  s t a t i o n  h a s  a l r e a d y  been computed. The d i f f e r e n c e  
between t h e  i n f l o w  gnd o u t f l o w  a t  t h e  l o c a l  s t a t i o n  i s  assumed 
t o  be  c o n t r i b u t e d  by t h i s  t r a n s f e r  p o i n t .  

26-34 p d j a c e n t  s t a t i o n  number. I f  t h i s  f i e l d  i s  non-zero,  t h e  
t r a n s f e r  p.oint w i l l  have o u t f l o w s  dependent  upon t h e  a d j a c e n t  
s t a t i o n ' s  o u t f l o w ,  which a r e  assumed t o  have been a l r e a d y  
comput ed , 

36-39 The a d j a c e n t ' s t a t i o n  r e l a t i p .  - T h i s  r e l a t i o n  a l l o w s  t h e  
o u t f l o w  a t  t h e  t r a n s f e r  p o i n t  t o  be  o t h e r  t h a n  a  s imple  p e r -  
c e n t a g e  of t h e  a d j a c e n t  s t a t i o n  o u t f l o w .  Th is  r e l a t i o n  i s  
loaded  on CT c a r d s  w i t h  format  code of 2; The f i r s t  word of 
each t a b l e  p o i n t  i s  aci jacent  s t a t i o n  o u t f l o w ,  t h e  second word 
i s  t h z  s t a t i o n  o u t f l o w  ( t h e  dependent  v a r i a b l e ) .  I f  used ,  
enre-: 0100 i n  Col.  40-43,  I f  column 36-39 i s  b l a n k ,  t h e  
:r..axsi..;z point oc?";ficra7 5s the prcduer  o f  t h e  a d j a c e n e  s t a t i o n  
crr t f im &ud t h e  p e r c m t a g e  i n  coLaxm 40-43. 

40-43 Adjacent r e l a t i o n  p e r c e n t a g e ,  T h i s  p e r c e n t a g e  i s  m u l t i p l i e d  
by t h e  r s s u l t  from the  acl jacent  r e l zzasn ,  If no r e l a t i o n  i s  
p rov ided  t h i s  percentage is mulrsy'3e2 '3y the  a d j a c e n t  s t a -  
t i o n  o t i t f l o ~ ~  

The s t a g e - d i s c h a r g e  r e l a t i o n  must be  i n  a s c e n d i n g  e l e v a t f o n  
sequence.  Each card c o n f a f n s  two t a b l e  p o i n t s .  

Card Column 

1-2 Card code " C l " .  
3-4 Card sequence number. 
5-13 S t a t i o n  number. 

F i r s t  p o i n t  : 
17-23 E l e v a t i o n  a s  xxxxx.xx f e e t .  
24-30 Discharge  c a p a c i t y  i n  CFS. 
31-36 Time of s t o r a g e  a s  xxxxx.x h o u r s .  
37-45 S t o r a g e  i n  a c r e  f e e t .  

Second p o i n t :  
46-52 E l e v a t i o n ,  
53-59 Outf low c a p a c i t y .  
60-65 Time of  s t o r a g e . .  
66-74 S t o r a g e .  
75-80 Not p r o c e s s e d ,  may be used f o r  comments. 



3;12.1:3. P ,  R iver  sxstem c o n f i g u r a t i o n  
L - - - - - - - - -  

Card Column 

Card code "P", 

c a r d  - - -  

Card sequence number (no t  p r o c e s s e d ) ,  
Pr imary s t a t i o n  number. 
S t a t i o n  number of s t a t i o n  r e c e i v i n g  o u t f l o w s  from t h e  pr imary 
s t a t i o n  ( t h e  s t a t i o n  which i s  immedia te ly  downstream from t h e  
pr imary s t a t i o n ) .  
S t a t i o n  number of an a d d i t i o n a l  s t a t i o n  r e c e i v i n g  t h e  pr imary 
s t a t i o n  ou t f low.  
Second a d d i t i o n a l  downstream s t a t i o n .  
Th i rd  a d d i t i o n a l  downstream s t a t i o n ,  
F o u r t h  a d d i t i o n a l  downstream s t a t i o n .  
7 - c  - r r r t h  a d d i t i o n a l  downstream s t a t i o n .  

The s i x  downsrream s r a t i o n  nu-rber f i e l d s  musr be used f ~ o m  l e f t  t o  
r i g h t ,  The program l o o k s  at I - ie ld  15-23 f ksc r ,  and i f  i t  i s  z e r o ,  
assumes t h e  rest of  ~ h e  card Fs unused. 

There  may not  be more khac one P card J ~ Y " _  ;k-> same s t a t i o n  number 
i n  columns 5-13, 

3.12.14,  T ,  Time c o n t r o l  c a ~ d  

Card Column 

i Card code "Ts', 
2 Must be  b l a n k .  
5-16 T h i s  t i n e ,  d a t e ,  and h o u r s  p e r  p e r i o d  ~ p e c i f i c a t i o n  a r e , t h e  

r u n  s t a r t  t i m e ,  and t h e  f i r s t  hours-per-per iod t o  be used i n  
t h e  s u n .  The f i e l d  5 s  broken up as f o l l o w s :  

Hour of day i n  t e n t h s  o f  hours  (6 a . m .  is punched 060) .  
Day. 
Month, 
Year.   his two d i g i t  y e a r  number i s  assumed t o  f a l l  
between 1900 and 1.999. . 
Hours p e r  p e r i o d  i n  t e n t h s  of h o u r s  (12 hour  p e r i c d  is  
punched 120)  . 

17-28 Second d a t e - p e r i o d  s p e c i f i c a t i o n .  
29-40 T h i r d  d a t e - p e r i o d  s p e c i f i c a t i o n .  
41-52 F o u r t h  d a t e - p e r i o d  s p e c i f i c a t i o n ,  
53-61 L a s t  d a t e  ( i f  a l l  hours-per-per iod f i e l d s  a r e  non-zero, t h i s -  

f i e l d  must c o n t a i n  t h e  run-end t i m e . )  
62-80 Other  f i e l d s  n o t  used by NCSSARR. (*) 

Note: The f i r s t  d a t e - p e r i o d  s p e c i f i c a t i o n  c o n t a i n i n g  a p e r i o d  h o u r s  - 
"of z e r o  i s  assumed t o  be  t h e  run  end-time. 



3.12.15. 2Bg0, Watershed i n i t i a l  cond i t i on  card . . . . . . . . . . . . . . . . . . . . . . . . .  
Card Column 

1-4 Card code "2Bf$". 
5-13 S t a t i o n  number. 

Hour Day Month Year 
15-23 Time a s ,  xx.x DD MM YY . 
24-27 Table number of r a i n f a l l  d a i l y  d i s t r i b u t i o n .  
28-32 I n i t i a l  s o i l  mois ture  index a s  xxx,xx inches .  
33-37 I n i t i a l  Baseflow I n f i l t r a t i o n  Index a s  xxx,xx inches lday .  
38-41 Table numb'er .of E T I  d a i l y  d i s t r i b u t i o n .  (*) 
42-80 Other f i e l d s  no t  used by NCSSARR. ( A )  

Note: Dai ly d 2 s t r i b u t i o n s  a r e  loaded on card  code 5 (Sec t ion  
7 

3 , U . l 9 ) ,  

Card Colunn 

1-4 Card code ,"2B ti22B@3", o r  : ' 2B@4C' .  
5-13 S t a t i o n  number 

15-23 Time of i n i r i a l  cozrdltion n hour ,  day,  month, and y e a r .  
24 Flow/elevatisn e ~ d e ,  I f  " " , o r  "Idr9 phase va lues  a r e  

s p e c i f i e d  in t e r m  of outfhaw i n  c fs .  I f  "2", phase va lues  
a r e  s p e c i f i e d  i n  terms of, e l e v a t i o n s  i n  xxxxx.xx f e e t .  

25-31 F i r s t  phase. 
32-38 Second, phase.  
39-45 Third phase,  
46-52 Four th  phase. 
53-59 F f f t h  phase. 
60-66 S ix th  phase. 
67-73 Seventh .phase. 
74-80 Efghth phase.  

The card  codes f o r  t h e  t h r e e  components a r e  a s  fo l lows:  

2B02 -- Surface  component. 
2B03 -- S u b s u r f a ~ e  component. 
2B04 -- Base f low component. 

The number of phase va lues  s t o r e d  on each of t h e  t h r e e  d i f f e r e n t  
card  codes f s  determined by t h e  number of phases s p e c i f i e d  on t h e  
CBg2 card  i n  columns 21, 26, and 32, r e s p e c t i v e l y .  



3.12.17.  2R, Reach i n i t i a l  phase  values-  . . . . . . . . . . . . . . . . . . . .  
Card Column * +  

1-2 Card code "'2R". 
5-13 s t a t i o n  number. 

15-23 Time of i n i t i a l  c o n d i t i o n  i n  h o u r ,  day ,  month, and y e a r .  
24 F l o w / e l e v a t i o n  code.  "0" o r  "1" i n d i c a t e s  phase  v a l u e s  a r e  i n  

t e rms  of o u t f l o w  i n ,  c f s .  "2" i n d i c a t e s  phase  v a l u e s  a r e  i n  
t e rms  of e l e v a t i o n s  i n  xxxxx.xx f e e t .  

25-31 F i r s t  v a l u e .  
32-38 Second v a l u e .  
39-45 Thi rd  v a l u e .  
46-52 Four th  v a l u e .  
53-59 F i f t h  v a l u e .  
60-66 S i x t h  v a l u e .  
67-73 Seventh v a l u e ,  
74-81) E igh th  value., 

Note: I f  the number of phases s p e c i f i e d  on t h e  CR 2  c a r d  is  N, t h e n  - 
N-t-1 v a l u e s  ~nus$@bbe i n c l u d e d  0x1 the  r e a c h  i.ta",tlaX c o d i t i o n  c a r d s  
( i n f l o w  t o  t h e  r & c h  i s  t h e  f i r s t  vdue  of the f i rs t  c a r d ) .  

Card Column 

1-2 Card code "2L"* 
5-13 S t a t i o n  number. 

15-23 Time of  i n i t i a l  c o n d i t i o n  i n  h o u r ,  day ,  month, and y e a r .  
25-31 I n i t i a l  o u t f l o w  i n  c f s .  
32-38 Pool  e l e v a t i o n  a s  xxxxx.xx f e e t  . 
39-47 S t o r a g e  volume i n  a c r e  f e e t .  

E l e v a t i o n  and s t o r a g e  a r e  m u t u a l l y  e x c l u s i v e .  I f  one i s  s p e c i f i e d ,  
i t  i s  n o t  n e c e s s a r y  t o  s p e c i f y  t h e  o t h e r .  E l e v a t i o n  v e r s u s  s t o r a g e  
r e l a t i o n  (C1 c a r d s )  must b e  p rov ided  f o r  a l a k e / r e s e r v a i r  t y p e  
s t a t i o n .  If  no "2L" c a r d  i s  prov ided  f o r  a l a k e ,  i n i t i a l  d i s c h a r g e  
is  s e t  e q u a l  t o  i n f l o w ,  and i n i t i a l  e l e v a t i o n  i s  set a t  e l e v a t i o n -  
lower-bound. It i s  n o t  p o s s i b l e  t o  s p e c i f y  z e r o  i n f l o w ,  e l e v a t i o n ,  
o r  s t o r a g e  on "2L" c a r d .  SSARR t r e a t s  z e r o  o r  b l a n k  i n  t h e s e  f i e l d s  
a s  '510 s p e c i f i c a t i o n " .  



* 

3.12.19. 5, Dai ly d i s t r i b u t i o n  t a b l e  -------------------  
This  card  i s  used f o r  l oad ing  t h e  eight-period d a i l y  d i s t r i b u t i o n .  
The d i s t r i b u t i o n  r e c o ~ d  may. c ~ n t a i n  a n y  number of d i s t r i b u t i o n s ,  
Each card has t h e  capac i ty  f o r  t h r e e  d i s t r i b u t i o n s .  The program 
assumes t h a t  t h e  l a s t  d i s t r i b u t i o n  lnpu t  i~ ~ f e  e f f e c t  from i r s  
s p e c i f i e d  s t a r e  t ime,  t o  t h e  end of t h e  run.  I f  t h e  s t a r t  fjme of 
t h e  f i r s t  d i s t r i b u t i o n  is  l a t e r  t han  t h e  s t a r t  of t h e  run ,  no d i s -  
t r i b u t i o n  w i l l  be  used f o r  t h a t  per iod  of t ime from t h e  beginning of 
t h e  run  t o  t h e  s t a r t - t i m e  of t h e  f i r s t  d i s t r i b u t i o n .  

Card Column 

1 Card code "5". 
2 Blank. 

10-13 Table number. This  i s  t h e  number used i n  t h e  2B@@ card  i n  
columns 24-27 o r  38-41 which r e f e r s  t o  t h i s  d i s t r i b u t i o n .  

15-23 S t a r t  rime of t h e  fxs"c:dfstr ibutk~?fi  in hour ,  day, month and 
year,  

2 4 -  T i m e  s h i f t  code. (Nor used by MCSbABXR) (*) 
25-40 The f i r s t  d i s t r i b u t i o n .  The d i sez .hu t ion  3s made up of e i g h t  

two-digit  percentages  which c o r r e s p ~ r , d  co the f i r s t  t h r e e  
hours ,  t he  sac.imd rhree hours ,  the t h i r d  three hours ,  and so 
on t o  t h e  eSghth ch ree  hours  of t h e  day beginning ~ 5 t h  t h e  
s t a r t  t ime 02 the  de= :~+$u t ion .  For i n s t a n c z ,  i f  t h e  d i s t r i -  
bu t ton  s t a r t  cime i s  4200, the  f i r s t  percentage s f  the 
d i s t r i bu t - ion  corresponds w i t h  t h e  per iod  1200 t o  1500. The 8 t h  
percentage  corresponds t u  t h e  t ime 900 t o  1200.  

41-44 Day t o  begin second d i s t r i b u t i o n .  These fou r  columns con ta in  
t h e  day and month. It i s  assumed t h a t  d i s t r i b u t i o n  begins a t  
t h e  same hour and year  a s  recorded i n  the  s t a r t  t ime i n  
columns 15-23. 

45-60 Second d i s t r i b u t i o n .  Eight  two-digit  f i e l d s  s f  whole pe rcen t .  
61-64 Day t o  begin the  t h i r d  d i s t r i b u t i o n ,  
65-80 Third d i s t r i b u t i o n .  Eight  two-digit  pe rcen t  f i e l d s .  

The d a t e s  of t h e  d i s t r i b u t i o n s  must be i n  ascending sequence. The 
e i g h t  percentages  jn  a  d i s t r i b u t i o n  normally add t o  a  t o t a l  0.f 100.  

3.12.20. 6P and 6S, Reservoi r  r e g u l a t i o n  card  . . . . . . . . . . . . . . . . . . . . . . . .  
Card Column of 6P 

1-2 Card code "6P". 
5-13 River  s t a t i o n  number. 

15-23 Time of t h e  f  f r s t  va lue  i n  hour; day, month, and yea r .  
24 Data code of a11 v a l u e s  on card .  



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 value. 
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 value. 
74-80 Fifrh value. 

Card Column of 6S - 
1-2 Card code " 6 9 " .  
5-13 River station number. 
15-23 Tlme of first value in hour, day, month, and year. 
24 Data code for f f r n e  value. 
25-31 Firsr value, 
32-38 Ti ine  or' second value in hour, day, month, The year is 

assumed to be the same as column 22-23, 
39 Data code for second value. 
40-46 Second value, 
47-61 Date, data code, an3  third value. 
62-76 Date, data co<e, and fourth value. 

Note: Dates musK be in ascending order. 

The data codes are as follows: 

Freeflow. 
Outflow specification as xxxxxxx. cfs. 
Elevation specification as xxxxx.xx feet. 
Storage volume specification as xxxxxxx x 10 acre-feet. 
Change in storage in terms of flow rate (cfs-day). 
Change in elevatfon per day as xxxxx.xx feetlday. 
Change in storage volume per day as 10 acre-feetlday. 

Card Column 

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

3 Continuation code: "C" if these plots are to be on same graph 
as preced2ng control card. If "'C" is punched,' Col. 45-66 of 
this card are ignored. 



5-14 F i r s t  p l o t  c o n t r o l :  
5-13 River s t a t i o n .  

14 P l o t  c h a r a c t e r  t o  be  p r i n t e d .  Must n o t  be  b l a n k .  
15-24 Second p l o t  c o n t r o l .  
25-34 T h i r d  p l o t  c o n t r o l ,  
35-44 F o u r t h  p l o t  c o n t r o l .  
45-53 P l o t  s t a r t  t ime  a s  hh.hddmrnyy f o r  h o u r ,  day ,  month, and y e a r .  

I f  i t  i s  d e s i r e d  t o  s tar t  t h e  p l o t  a t  t h e  f i r s t  time p e r i o d ,  
t h e  start  t i m e  may be l e f t  b l a n k .  

54-62 P l o t  end t i m e .  
63-66 Hours (in t e n r h s )  p e r  a b s c i s s a  p o i n t .  T h i s  v a l u e  must b e  a n  

i n t e g r a l  m u l t i p l e  of t h e  p e r i o d  h o u r s  on t h e  Time c a r d .  
67-73 Minimum o r d i n a t e  v a l u e :  

PL o r  PC) o r  PM c a r d  code:  xxxxxxx, CFS. 
PE c a r d  code: xxxxxxx. f e e t .  
PS card code: xxxxxxx. l o ' s  of a c r e - f e e t .  

74-80 Maxlmm o r d i n z t e  v a l u e ,  

3.12.22.  PK, By'dromet d a t a  p l o t  c o n t r o l  c a r d  . . . . . . . . . . . . . . . . . . . . . . .  

Card Column 

1-2 Card code "PH"'. 
3  C o n t i n u a t i o n  code: " C ' Y f  t h e s e  p l o t s  a r e  t o  b e  on same graph  

a s  p r e c e d i n g  zonc,ol c a r d .  I f  "C" i s  punched, Col.  45-66 of 
t h i s  c a r d  a r e  i g n o r e d .  

5-14 F i r s t  p l o t  c s n r r o l :  
5-8 Hydromet s t a t i o n  number. 
9 Data code ("3" f o r  p r e c i p i t a t i o n ,  e t c . )  

10-13 Weight i n  p e r c e n t .  The hydromet v a l u e  i s  m u l t i p l i e d  by 
t h i s  p e r c e n t a g e  b e f o r e  i t s  o r d i n a t e  p o s i t i o n  between 
t h i s  p l o t  minimum and maximum i s  c a l c u l a t e d  ( s e e  c a r d  
columns 67-73, 74-80). T h i s  p e r c e n t a g e  must b e  t h e  
s a m e  as that on the CB@t c a r d .  

14 P l o t  c h a r a c t e r  t o  b e  p r i n t e d .  Must n o t  b e  b l a n k .  
15-24 Second p l o t  c o n t r o l .  
25-34 T h i r d  p l o t  c o n t r o l .  
35-44 F o u r t h  p l o t  c o n t r o l .  
45-53 P l o t  s t a r t  t i m e  as hh.hddmmyy f o r  h o u r ,  day ,  month, and y e a r .  
54-62 P l o t  end t i m e .  
63-66 Hours ( I n  tenths) p e r  a b s c i s s a  p o i n t .  
67-73 Minimum o r d i n a t e  v a l u e  as x x x x x x . ~ .  
74-80 Maxfmum s r d f n a t e  v a l u e .  



Card Column 

1-2 Card code ''PR". 
3 "C" if continuation. 
4 Unit number report is to be written on. If blank or zero, 

report is written on same unit as plots and OUTPUT report. 
5-13 First station number, 
14 First station code 1--flow (Q) 5--Q+S 

2--elev (E) or stage 6--E+S 
4 -storage ( S )  7--Q+E+S (default) 
3 --Q+E %--Mean daily flow 

9--Capaci ty 
15-23 Second station. 
24 Second code. 
25-33 Third sration, 
34 ThE-d code ,  
35-43 Fourth starion. 
44 Fourch code, 
45-53 Fifth station. , 
54 Fifth code. 
55-63 Beginning tine in h s x ,  day, month, year. 

(If blank, defa~le is T card). 
64-72 End time in hour, day ,  month, year. 

(If blank, default is T card). 
73-76 Hour spacing - xxx.x 
77 Overflow code 0-no overflow (new month on new page). 

1-overflow (continuation page despite month 
change). 

78 Suppress date code 0-date prints both sfdes. 
1-no date on right side of page. 

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

1-3 Card code "END". 



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 Carolina the Water Resources Plannfng Section 
had defined sub-basins, but the subd%visions were not always hydrologic 
units so furthzr subdivision was necessary. 

It was a~bEtrarily decided to identify e r i b u t a r i e s  with drainage 
areas of 50 s q u d ~ c  miles sr more AS separare sub-basins in Piedmont and 
Coastal Plain arzas ,  and to use a cinimum area sf 30 square miles in the 
mountains. The lirnic that is selected must be a trzde-off between model- 
ing accuracy, interest in specific areas and c o - ~ ~ ~ t e r  requirements. Areas 
that are of more interest for wxter resource aa caar:;rnt should certainly 
be modeled in more detail. 

WCSSARR does not p e r m i t  skxilation of more than one reservoir, 
diversion point or streamflow point within a single sub-basin, Areas 
where multiple developmenr is ~roposed 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.) A11 basins must be defined with at most one input 
point. Subdivision points should occur at or near the confluence sf 
every tributary identiffed by its own sub-basin. When several tribu- 
taries enter the stream within a short dfstance 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 referred to as 
local areas, since they are primarily areas of local inflow into the main 
stream. Each 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 wfth the sub-basin which contrfbutes flow to the 
stream. 

NCSSARR requires that routing reaches and local areas occur in 
pairs. This may mean that for relatively short stream segments which are 
considered long enough for routing, there may be a very small sub-basfn, 
much smaller than the normal limit. 



Lf t h e r e  a r e  n o t  many t r i b u z a r y  sub-bas ins ,  i t  may be  n e c e s s a r y  t o  
add s u b d i v i s i o n  p o i n t s  a r b i t r a r i l y  a l o n g  t h e  s t r e a m ,  Such p o i n t s  w i l l  
normal ly  be  l o c a t e d  a i  p l a n n i n g  s u b d i v i s i o n s ,  a t  r e s e r v o i r s  o r  d i v e r s i o n  
p o i n t s ,  a t  s t r e a m  gaging s t a t i o n s ,  o r  a s  r e q u i r e d  t o  keep t h e  l o c a l  a r e a s  
t o  a r e a s o n a b l e  s i z e .  

The l a y o u t  f i n a l l y  s e l e c t e d  i s  n e c e s s a r i l y  a compromise between 
modeling a c c u r a c y  and computer r e q u i r e m e n t s .  Sub-basin l a y o u t  f o r  t h e  
Neuse River  i s  i l i u s t r a t e d  i n  F i g u r e  3 . 1  and Appendix V .  

4 .2 .  Naming Convect ions- 

The e x t e r n a l  L a b e l l i n g  sys tem used by NCSSARR f o r  sub-basins  re -  
q u i r e s  t h a t  rno~  more t h a n  f o u r  a lphamer ic  c h a r a c t e r s  be  u s e d ,  and t h a t  
t h e  firsr d e s i g n a t e  t h e  b a s i n .  Seyond t h e s e  r e q u i r e m e n t s ,  sub-basfns  may 
be  l a b e l l e d  a s  r e q u i r e d .  

- With r e f e r e n c e  t o  F f g u r o  .,, , zhe l e t t e r  J i d e s i z i f f e s  t he  Neuse 
R i v e r ,  t h e  pr imary sub-basin  JO.1 Is eh; Neuse Ri-~er a9ov-; Netzse, and t h e  
s u b d i v i s i o n  JOlJ i s  IFeave..,z.darn Cr~ex, Other  b a s i n s  and sub-bas ins  a r e  
s i m i l a r l y  i d e n t i f i e d .  

When t h e  sub-basfns  have been, named, i t  i s  d e s i r a b l e  t o  name c e r t a i n  
p o f n t s  i n  t h e  b a s i n  a l s o .  Although t h i s  i s  n o t  n e c e s s a r y  f o r  o p e r a t i o n  of 
NCSSARR, i t  i s  o f t e n  conven ien t  t o  r e q u e s t  s i m u l a t i o n  a t  a p o i n t  of con- 
f l u e n c e  o r  s u b d i v i s i o n .  

Only p o f n t s  t h a t  a r e  j u n c t i o n  p o i n t s  ( t r a n s f e r  p o f n t s  i n  SSXRR 
usage)  c a n  b e  named and t h e y  a r e  i d e n t i f i e d  by t h e  p r e f f x  X, Up t o  f i v e  
a lphamer ic  c h a r a c t e r s  a r e  u s e d ,  r h e  r e n a i n f n g  f o u r  b e i n g  used as f b r  sub- 
b a s i n s .  I f  t h e  t r a n s f e r  p o i n t  i s  t h e  upst ream bound of  a  l o c a l  a r e a ,  t h e  
f o u r  c h a r a c t e r s  must b e  r h e  same a s  t h o s e  f o r  t h e  l o c a l  a r e a  ( s e e  F i g u r e  
3 . 2 ) .  Other  p o i n t s  a r e  simflar1.y named, b u t  t h e  Pas r  f o u r  c h a r a c t e r s  must 
n o t  match t h e  d e s i g n a t i o n  of any sub-basin .  

4 . 3 .  System C o n f i g u r a t i o n  and I n t e r n a l  Numbers 

The s e t  of c o n f i g u r a t i o n  c a r d s  i s  t h e  h e a r t  of t h e  SSARR c a p a b i l i t y  
t o  s i m u l a t e  complex b a s i n s .  The s t a n d a r d  SSARR requ i rement  ( S e c t i o n  3.12. 
13)  i s  b a s i c a l l y  v e r y  s i m p l e ,  a  P i n  Col.  l ,  t h e  ups t ream s t a t i o n  number 
i n  Col. 5-13, and t h e  downstream s t a t i o n  number i n  Col.  15-23, 



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 deffned. The numbers have 8 digits, utilized as 
follows : 

a) Digft I - a 6 for a sub-basfn, a 7 otherwise (reach, reservoir 
or transfer point); 

b) Digits 2-3 - basin number; 
c) Digirs 4-6 - segment nunber; (4-5 are the primary sub-basfn 

nurn'oer, to the extent psssf ble) 
d) Digits 1-8 - ska t ion  ~ y p & :  

05 - sransfer point xr upstream end 
20, 313, ..,, 70 - t r i b u t a r i e s  t c  lower cad 
80 - reach 
90 - local area 

Intermediate numbers are ~ : t i l i k e d  by NCSSARR as requtred. 

Actual assignment of station numbers and deve%opnenr of the confi- 
guration deck starts with a diagram such as Figure 3.2, The following 

1 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. 

c) Within each segment, configurarion cards are ordered as foEEows: 
i) Upstream transfer point to reach; 
if) Tributary (ies) to downstream transfer pofnt; 
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 pofnt to downstream transfer point; 
ii) Tributary (ies) to downstream transfer pofnt. 



d )  Where more t h a n  one t r i b u t a r y  r e a c h e s  t h e  same t r a n s f e r  p o i n t ,  
t h e  o r d e r  of s t a t i o n  numbers i s  n o t  i m p o r t a n t ,  b u t  t h e  o r d e r  of c o n f i g u r a -  
t i o n  c a r d s  must be  s t r i c t l y  i n c r e a s i n g .  

e) When a  complex t r i b u t a r y  r e a c h e s  a  t r a n s f e r  p o i n t ,  a l l  of  t h e  
c o n f i g u r a t i o n  c a r d s  f o r  t h e  t r i b u t a r y  w i l l  b e  p u t  i n  p o s i t i o n  i i )  of c) 
above,  

f )  A s p e c i a l  c a s e  e x i s t s  when a  complex t r i b u t a r y  r e a c h e s  a  t r a n s f e r  
p o i n t  f o r  which t h e r e  i s  n e i t h e r  r e a c h  n o r  l o c a l  area upst ream.  I n  t h i s  
c a s e ,  a durrmy r e a c h  i s  a s s i g n e d  t o  t h e  segment and g i v e n  a r e a c h  des igna-  
t i o n  (go),  b u t  i d e n t i f i e d  a s  a  t r a n s f e r  p o i n t .  Cards f o r  p o s i t i o n s  i ) ,  
f i )  and i i i )  of c )  above a r e  used ,  where a l l  of t h e  c o n f i g u r a t i o n  c a r d s  o f  
t h e  t r i b u t a r y  a r e  p u t  i n  p o s i t i o n  i i ) .  

The procedure  is i l l u s t r a t e d  by l i s t i n g  below t h e  c o n f i g u r a t i o n  deck 
f o r  F i g u r e  3 . 2 ,  

Segment 
0 
0 
3  

1 
2 
2 
2 

3 
3 
3 
4 
4 
5 
5 
5 
6 
6 
6 
6 
7 
7 
7 

Segment numbers a r e  l i s t e d  f o r  c l a r i f i c a t i o n ,  b u t  would n o t  be punched. 
The t r e a t m e n t  o f  t h e  complex t r i b u t a r y  shou ld  be n o t e d .  Note a l s o  t h a t  
t h e  l e f t  column of numbers - t h e  ups t ream s t a t i o n  numbers - a r e  s t r i c t l y  
i n c r e a s i n g  ( i g n o r i n g  t h e  f i r s t  d i g i t ) .  



4.4 .  SSARR S t a t i o n  C h a r a c t e r i s t i c s  

For s i m u l a t i o n  u s i n g  SSARR, a  v a r i e t y  of i n f o r m a t i o n  about  each sub- 
b a s i n ,  t r a n s f e r  p o i n t ,  r e s e r v o i r  and channe l  r e a c h  must b e  c o l l e c t e d  and 
punched i n  s t a n d a r d  fo rmat .  

Card f o r m a t s  and Lists of t h e  v a r i a b l e s  a r e  g iven  i n  S e c t i o n  3.12.5 
-12. S t a t i o n  numbers used on t h e s e  c a r d s  a r e  i n t e r n a l  numbers d e s c r i b e d  
i n  S e c t i o n  4 .3 .  

D e t a i l s  concern ing  e v a l u a t i o n  of t h e  v a r i a b l e s  may b e  found i n  t h e  
SSARR User Manual, and a r e  t o o  e x t e n s i v e  t o  reproduce  h e r e .  However, 
t h e i r  e v a l u a t i o n  a s  a p p l i e d  t o  t h e  Neuse River  i s  g iven  i n  Appendix V. 

4 .5 .  Ups t reax  Drainage Area 
p- 

NCSSARR has one a d d i t i o n a l  r e q u i r e m e n t .  The upst ream d r a i n a g e  a r e a  
(XWSUP) i s  punchzd in Co3.. 71-76 of t h e  C B g 2  c a r d ,  For headwater  and t r i-  
b u t a r y  a r e a s ,  u s e  999999,  For  h c a l  a r e a s ,  u s e  the  d r a i n a g e  a r e a  a t  t h e  
upst ream p o i n r  i n  s q u a r e  m i l e s ,  

The ups t ream d r a i n a g e  a r e a  i s  used  f o r  ' : , 1 :  cress r o  d e t e r m i n e  
whether  t h e  s p e c i f i e d  p o i n t  i s  Located i n s i d e  the l o c a l  a r e a  o r  on t h e  
main s t ream.  I n  S e c t i o n  3 - 3 ,  f n r  example, p o i n t s  were  i d e n t f f i e d  by 
"'JOlK/24" and "JOlK/300'\ The ups t ream d r a i n a g e  a r e a  f o r  l o c a l  a r e a  
J O l K  i s  676 s q u a r e  m i l e s .  S i n c e  t h e  a r e a  s p e c i f i e d  i n  t h e  f i r s t  example 
i s  l e s s  t h a n  t h e  upst rgam d r a f n a g e  a r e a ,  t h e  p o i n t  i s  i d e n ~ i f i e d  as 
a n  i n t e r n a l  p o i n t ,  and f l o w  from a  d r a i n a g e  a r e a  of 24 s q u a r e  m i l e s  
i s  s i m u l a t e d .  I n  t h e  second c a s e ,  t h e  d r a i n a g e  a r e a  exceeds  t h e  ups t ream 
d r a i n a g e  a r e a  by 24 s q u a r e  m i l e s ,  so  t h e  p o i n t  i s  i d e n t i f i e d  a s  b e i n g  on 
t h e  main s t r e a m  between XJOlK and XJOlL ( F i g u r e  3 . 2 )  and t h e  f l o w  a t  
X J O l K  i s  r o u t e d  th rough  a  p a r t i a l  channe l  s e c t i o n  and added t o  s i m u l a t e d  
f l o w  from a  d r a i n a g e  area of 24  s q u a r e  m i l e s .  

A problem can a r i s e  i n  t h i s  p r o c e d u r e  i n  c a s e s  where t h e  ups t ream 
d r a i n a g e  a r e a  i s  l e s s  t h a n  t h e  d r a i n a g e  a r e a  d f , t h e  l o c a l  a r e a :  

a )  If t h e  a r e a  s p e c i f i e d  f o r  t h e  p o i n t  i s  l e s s  t h a n  o r  e q u a l  t o  
t h e  ups t ream d r a i n a g e  a r e a ,  a n  i n t e r n a l  p p i n t  i s  c o r r e c t l y  assumed; 

b)  I f  t h e  s p e c i f i e d  a r e a  i s  g r e a t e r  t h a n  t h e  ups t ream d r a i n a g e  
a r e a ,  mains t ream f l o w  i s  assumed. T h i s  w i l l  b e  c o r r e c t  i f  t h e  s p e c i f i e d  
a r e a  i s  g r e a t e r  t h a n  t h e  l o c a l  d r a i n a g e  a r e a ,  b u t  may o r  may n o t  be  cor -  
r e c t  o t h e r w i s e .  

S i m u l a t i o n  f o r  a n  e x t e r n a l  p o i n t  w i t h  a  d r a i n a g e  a r e a  g r e a t e r  t h a n  
t h e  ups t ream d r a i n a g e  a r e a  i s  n o t  p o s s i b l e .  Although t h i s  i s  a n  u n l i k e l y  
need,  t h e  problem may b e s t  be  p r e v e n t e d  by l a y i n g  o u t  t h e  sub-bas ins  s~ 
t h a t  t h e  l o c a l  d r a i n a g e  a r e a  5 s  a l w a y s . , l e s s  ~ h a n  t h e  ups t ream d r a i n a g e  
a r e a .  



4 .6 .  NCSSARR C o n f i g u r a t i o n  (PFELE) 

The SSARR c o n f i g u r a t i o n  deck is  r e q u i r e d  f o r  i n i t i a l  sys tem i n s t a l -  
l a t i o n  (Chapter  5 ) .  A  modi f i ed  v e r s i o n  i s  s t o r e d  i n  t h e  f i l e  PFILE f o r  
u s e  by NCSSARR dtsring s i m u l a t i o n .  The f o l l o w i n g  m o d i f i c a t i o n s  a r e  re- 
q u i r e d  : 

a )  An R  i s  punched i n  Col.  3  i f  t h e  downstream s t a t i o n  i s  a  r e a c h .  
b )  The s t r e a m  rank  i s  punched i n  Col.  14 .  T h i s  i s  n o t  a  r i g i d l y  

d e f i n e d  o r d e r  number, b u t  i s  a l a r g e  enough number on a main s t r e a m  s o  
t h a t  complex t r i b u t a r i e s  w i l l  have s m a l l e r  numbers excep t  f o r  t h e  segment 
t h a t  r e a c h e s  t h e  mafn stream. A t  l e a s t  one p o i n t  ups t ream from t h e  t r i -  
b u t a r y  m c ? s t  a l s o  have t h e  l a r g e r  number. .  Numbers can  i n c r e a s e  p rogres -  
s i v e l y  moving down t h e  main s t r e a m ,  and a l l  segments which a r e  p a r t  of t h e  
main s t r e a m  o r  f l o w  i n t o  t h e  main s t r e a m  must f i t  t h e  p r o g r e s s i o n ,  , 

c )  The e x t e r n a l  i d e n t i f i c a t i o n  code i s  punched i n  Col.  24-28. I f  
r h e  p o i n t  i s  a c r a n s r e r  p o i n t ,  t h e  code s t a r t s  i n  Col.  24. I f  i t  i s  a  
b a s i n ,  t h e  code starts i n  Co1, 25, (Thus, o n l y  X ' s  w i l l  be  punched i n  
Col.  2 4 ) ,  Codes a rc  punched i n  t h e  c a r d s  i n  which t h e  i n t e r n a l  number f o r  
t h e  p o i n t  a p p e a r s  a s  t h e  upst ream s t a t i o n  number. I f  the ups t ream s t a t i o n  
i s  a reach', no e x t e r n a l  code i s  punched. 

d )  I f  t h e  p o i n t  a t  t h e  o u t l e t  o f  t h e  basir: i s  i d e n t i f i e d  by a n  
e x t e r n a l  code,  t h e  code 2s  punched i n  a c a r d  which f o l l o w s  . the  end of t h e  
c o n f i g u r a t i o n  deck.  A P Is  puached i n  Col.  1 of t h i s  c a r d ,  b u t  no s t a t i o n  
numbers a r e  punched. 

To i l l u s t r a t e  t h e  m o d i f i c a t i o n s ,  t h e  PFILE deck  f o r  F i g u r e  3 .2  f s  
l i s t e d  below. For  comple teness  o f  t h e  example, t h e  t r a i l e r  c a r d  i s  l i s t -  
ed a l t h o u g h  t h i s  i s  n o t  a c t u a l l y  t h e  lower  end o f  t h e  Neuse R i v e r  b a s i v .  

1 7 0 9 0 l l 0 0  JOiA 
170901100 S O l B  
270901380 X J O l D  
170901200 J O L C  
170901280 XJOlE 
170901300 
I70901300 J O I E  
270901400 X J O l M  
2  7O9Ol4OO 
270901400 J O l D  
270901500 X J O 1 N  
270901500 SOLF 
270901580 X J O l G  
270901600 
27090l600 Jole 
270901680 X J O l H  
2709017 00 ~ o l j  



P 70901680 270901700 
P 60901690 270901700 J O l H  
P  R 70901700 270901780 X J O l K  
P  70901780 270901800 
P  60901790 270901800 J O l K  
P XJOlL 

Only t h e  f i r s t  28  columns of t h e s e  c a r d s  a r e  r e a d ,  s o  a d d i t i o n a l  informa- 
t i o n  c a n  b e  punched i n  remain ing  columns i f  d e s i r e d .  

PFILE i s  used by NCSSARR when f u l l  s i m u l a t i o n  i n c l u d i n g  one o r  more 
r e s e r v o i r s  a n d / o r  d i v e r s i o n  p o i n t s  a r e  used.  The segment of PFILE r e -  
t r i e v e d  p r o v i d e s  t h e  c o n f i g u r a t i o n  r e q u i r e d  f o r  t h e  s i m u l a t i o n .  

The R i n  Column 3 i s  used  t o  i n d i c a t e  t h a t  c h a r a c t e r i s t i c  c a r d s  f o r  
t h e  r e a c h  must be  r e t r i e v e d .  

The srceam r a n k  i n  Column 14  i s  used t o  d e t e r m i n e  which c o n f i g u r a t i o n  
c a r d s  a r e  r e q u i r e d .  When f l o w s  are b e i n g  r o u t e d  d o m s t r e a m  from a  reser- 
v o i r  o r  d i v e r s i o n  t o  a p o i n t  o f  i n t e r e s t ,  t h e  p r o c e s s  does  n o t  have t o  
i n v o l v e  a complex t r i b u t a r y  s i n c e  i t s  f l o w  i s  a l r eady  a v a f l a b l e  i n  t h e  
l a s t  segment.  Thus by scannl.ng t h e  r a n k  s t a r t l n g  from ups t ream,  whenever 
t h e  number becomes smaPler t h e  c o n f i g u r a t i o n  c a r d  i s  sk ipped .  T h i s  mini-  
mizes  che  amount of s i m u l a t i o n  r e q u i r e d .  I f  t h e r e  i s  a r e s e r v o i r  o r  d iv -  
e r s i o n  on t h e  t r i b u t a r y  t h e  p r o c e s s  i s  m o d i f i e d ' s o  t h a t  r e q u i r e d  c a r d s  are 
r e t r i e v e d .  

The e x t e r n a l  i d e n t i f i c a t i o n  codes  i n  Columns 24-28 a r e  one  of t h e  
ways by which t h e  e x t e r n a l  codes  a r e  l i n k e d  w i t h  t h e  i n t e r n a l  numbering 
system.  The codes  which a r e  s p e c i f i e d  on CONTROL command c a r d s  are 
f l a g g e d  and t h u s  used t o  d e t e r m i n e  how much of PFILE i s  r e q u i r e d .  

F u r t h e r  d e t a i l s  concern ing  t h e  p r o c e s s i n g  of PFLLE may b e  found i n  
the  Appendix. 



INSTALLATION OF NCSSARR 
COMPUTER TECHNIQUES 

5 , T ,  C r e a t i o n  of Simulated Streamflow P i l e  - 

NCSSARR i s  based on a s t o r e d  f i l e  of s t reamf low d a t a  s i m u l a t e d  a t  
a u t l e t s  o f  sub-bas ins  and summing p o i n t s  as d e s c r i b e d  i n  S e c t i o n  2 .3 .  
- - 
Use of t h e  sys tem r e q u i r e s  i n i t i a l  c r e a t i o n  of t h i s  f i l e .  

The s i z e  of t h e  f i l e  depends on a  number of f a c t o r s ,  p r i m a r i l y  t h e  
number of sub--basins  and t h e  l e n g t h  o f  t h e  p e r i o d  of r e c o r d .  The f i l e  
i s  a s t a n d a r d  HZSARS s t reamf low f i l e  which u s e s  444 b y t e s  f o r  a  monthly 
r k c o r d ,  S O  monthly r e c o r d s  c a n  be  s t o r e d  on one 2316 d i s k  t r a c k ,  and 88 
~eccrds on one 3336 d i s k  t r a c k ,  s o  t h a t  a  25-year r e c o r d  a t  one l o c a t i o n  

<.- " Sieulu occupy 6 t r a c k s  on a 2316 d i s k  pack o r  3.4 t r a c k s  on a  3336 d i s k  
pack, Spdcc f o r  t h e  f i l e  must be r e q u e s t e d  i n  c y l i n d e r s ,  one c y l i n d e r  
sioring 3 916 a k a t i o n s  on a 2316 !;.a& or 5 1 : 4  s k t i o n s  on a 3136pack ,  

The number of s t a t i o n s  i s  khe number of sob-5as ins  p l u s  t h e  number 
or  r e a c h e s  p l u s  the number of transfer p o f n t s ,  'L'hs number may b e  
l a ? r ? y  l a r g e .  For  t h r e e  r i v e r  basins i n  N o r t h  CaroPfna,  t h e  Neuse, Cape 
Fear and Yadkin t h e  number s f  s c h t i o n s  s t o r e ?  5s ' 2 3 ,  245 and 201 
r e s p e c t i v e l y .  These t h r e e  bas ins  t o g e t h e r  occupy 180 ou t  of 200 c y l i n -  
d e r s  of a  2316 d i s k  pack, 

It i s  n o t  p o s s i b l e  t o  g e n e r a l i z e  t h e  maximum nuriber oE sub-bas ins  
I 

I into x ~ h i c h  a s i n g l e  b a s h  may b e  d i v i d e d .  A s i n g l e  f i l e  may be s t o r e d  
on s e v e r a l  d i s k  packs  so  t h a t  t h e r e  i s  no a p r i o r i  maximum s i z e  of ~ file. However, such  usage  would r e q u i r e  a l l  p a c k s  t o  be  mounted s imul-  
A ~ d ~ ~ e o u s l y  r * s o  t h a t  t h e r e  would g e n e r a l l y  b e  limits on t h e  number of packs  

~ ssed. 

A f i l e  l i m i t e d  t o  a s i n g l e  paek  w i l l  s t o r e  a maximum of 627 25.- 
year  r e c o r d s  on a 2316 pack ,  o r  2150 25-year r e c o r d s  on  a  3336 pack.  
Reaches and t r a n s f e r  p o i n t s  must b e  s t o r e d  a s  w e l l  a s  sub-bas ins .  For 
a  proposed s u b d i v i s i o n  o f  North  C a r o l i n a  b a s i n s ,  44% of t h e  s t a t i o n s  a r e  
sub-bas ins ,  22% a r e  r e a c h e s ,  and 34% a r e  t r a n s f e r  p o i n t s .  For  i n d i v i d u a l  
b a s i n s ,  t h e  p e r c e n t a g e  of sub-bas ins  v a r i e s  between 41% and 48%, Thus,  
a p p r o x i m a t e l y  276 sub-bas ins  c o u l d  be  s t o r e d  on a  2316 pack ,  o r  928 on a  
3336 paek.  

The p o s s i b i l i t y  of compress ing t h e  HTSARS s t reamf low f i l e  fo rmat  
i s  b e i n g  i n v e s t i g a t e d ,  The proposed format  would r e q u i r e  82 b y t e s  f o r  a 
monthly r e c o r d ,  i n c r e a s i n g  a l l  above c a p a c i t y  f i g u r e s  by 76%. 



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. 

5.1.1. Initiation of sub-basin simulation . . . . . . . . . . . . . . . . . . . . . .  
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: 





CB ca rds  f o r  a l l  sub-basins (Sections 3.12.5-8). There are f o u r  
ca rds  f o r  each sub-basin, which may o p t i o n a l l y  be preceded by t h e  
e x t e r n a l  i d e n t i f i c a t i o n ,  used i n  Section 5.3; 
P,  T and 2B cards  f o r  t h e  f i r s t  sub-basin (Sections 3.12.13-15). 
Not? t h a t  only  the upstream s t a t i o n  number needs t o  be  punched i n  
t h e  P card. The T card  s p e c i f i e s  t h e  per iod of r ecord  t o  be used; 
5 and END cards  (Section 3.12.19, 24) .  

5.1.2. C o n t i n u a t i ~ n  of sub-basin s imula t ion 
----l---ll-l--lll--_I__ 

Addi t ional  runs are required  t o  complete sub-basin s imula t ion.  Up 
t o  10 s t a t i o n s  may be simulated i n  a s i n g l e  run,  but  it is necessary  t h a t  
the s imula t ion be i n  order  of inc reas ing  s t a t i o n  number. This  i s  con- 
t r o l l e d  wi th in  a run by i n s u r i n g  t h a t  t h e  P cards  a r e  i n  i n c r e a s i n g  
sequence, 

The number of s t a t i o n s  ;err be simulated Ln a s i n g l e  run may be 
f u r t h e r  l i m i t e d  by execution $%me. On an SBH ~ys tem/370  Model 165 
computer, s imula t ion of a s ing le  sub-basin r e q u i r e s  between 8 and 15  
seconds of CPU t i m e ,  o r  LQ to 17 seeonds ineluding 110 t i m e .  

The job deck i n  this case i s  not  as exeensive as before ,  s i n c e  the 
t a b l e s ,  watershed c h a r a c t e r i s t i c s ,  and s ta tPon i d e n t i f i c a t i o n s  are s t o r e d  
i n  t h e  c h a r a c t e r i s t i c  f i l e :  

I P  c.ard5 f o r  nut more than 10 sub-basins) 
P 66201030 
P &El201 198 
P 60282826 
P 61320212G 

END 



The procedure CONT is listed in Appendix IV. It differs from INIT 
in that existing files are used. JCL cards identify the specific files. 

The SSARR input includes: 

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

5.1.3. Simulatlon for summing points,-reaches, and reservoirs- - - - - - - - - - - - - - - - - -. - - - -  - - - - - - -  
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 corafigura- 
tion cards (Section 4.31, Since ~ h e r c  will generally be too many stations 
to complete the simulation in a single run, it is necessary to separate 
the configuration deck into sections, making a r u n . f o r  each section. The 
sections must of course be run in order, Sectkuns 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 LBM System/370 Model 165 computer, 
simulation of a transfer point requires about 1 second of CPU time, or 
5 to 6 seconds including L/O time. Simulation oE a reach requires 2 to 3 
seconds of CPU time or 6 to 7 seconds including I f 0  time. Simulation of 
a reservoir requires about 3.5 seconds of CPU time or 32 seconds includ- 
ing 1/0 time. 

It is important when dividing the deck into sections to use natural 
basin divisions. It is necessary  hat all configuration cards for which a 
given station is the downstream station be in the same section. Other- 
wise, an incomplete inflow will be calc~lated for one section, and an 
error because of station duplication will occur for the second section. 
This is particularly difficulr to detect when a complex t r ibu tary  in ter -  
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: 



f lSSC8NT aaa.bbb.ccccc,wnurie,M=lsT=5 
/~~~PRUCLIB=NCS.GRE.12WZ5.WISERRSSRRLIE 
// EXEC CONT 
.G. ES IM DD DSN=S II1ULATE. CRPE. FEAP 
/,G. RNEW DD DSN=S I MULATE .CAPE. FERR 
/&.FT23 DD DSN=&TA. UPIIT=SYSDFI. SPRCE=ITRK. 16). R ISP=C. DELETE), /. DCB=IRECFM=F.. ELKS IZE=728dr  LRECL=72841 
;,G.SYSIH nn :t; 
JOB 0 2 8 2  13 1 CRPE FEAR RIVER 

CCC anii CE cards f clr sect ion crf- bcis it-11 
CCB1702Bl lOO HAW RIVER PIEAR PEIUSVILLE  
CC0 17030 1206 HQLJ R IVER AT ALTFIl'lRHt7W . . . 
CRW 17826118B HRlJ RIVER 
CRBZ70201180 2-308 60 

m .  * 

CP cards for  some sect i n n )  
p &Q28EB2B 7QZB11BB 
P -6O2U 1838  J828 1 1 B O  
P 7 8 2 0 1  1.38 FG2a l i 2 0  
p 7 8 2 0  1 1 BE1 7 0 2 8  1 2 0 0  
P 6 E i X i I  158 70201200 . . . 
T 88 16149248  58311273 
END 
,x*: 

// 

The procedure CCBNT 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 
information generated during the run. Note that none of the tabular 
relations, raingage identification, etc. required for the sub-basin 
simulation are required here. 

The SSARR input includes: 

a) A JOB card with a 3 in Col. 24. (Section 3-12.11; 
b) CCOl cards for all transfer points in the section (Section 3.12 I 

I 

-5); I 

c) CR cards for all reaches in the section (Section 3.12.5, 9). I 

There are two cards for each reach; ~ 
d) CL cards for every reservoir in the section (Sections 3.12.5, 

10). CP cards may also be required (Section 3.12.12); 
e) P cards for the section (Sections 3.12.13 and 4.3); 

I 
f) T card (Section 3.12.14); 
g) END card (Section 3.12.14) . I I 

1 

5.2. Initialization of the Characteristic File 
I 
I 

SSARR always searches the characteristic file to determine whether I 

information with respect to a particular station is already stored. If, 
for example, a particular station is identified in the characteristic file I 

as a basin, watershed simulation is carried out for the station. 



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 5afarmxtion. 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: 

//SS Ill i ?" 30s craa . b$b .ccccc. ur;arnts, H =  1. T= 1 
id';+-PROUL IG=lIC5. ERE. 12025. LJISEE . SSARL. I B  
. EXEC PGM=MSG 
//FIX DD D~P~=C~~FIRQCT'.CAFE.FE~R.U~~IT=DISK.V~L=GER=~'~CREDS~DI~~~~FOLD~DELETE~ 
J /  EXEC I N I T  
f.4I2. ENEW DU DSN=&TEMPcUN ITzSYSDFi. VOL=. SFRGE= CC"iL. B 1. s 13 3 

ICF and CT cards)  
CFB 1 1086 8 8 2 2 11 4 15 
CF82 1086 0 5 25 11 1 @I2 9 9 ~8'9 
CF03 1986 .8 1 8 2 2 11 4 15 
CFB4 1886 .O 1 6 35 11 188 9 9 I D 0  . . . 

(CP Curds f o r  ruinyages for whole busin) 
C P G O 2 0  HRA I 3 18890 
C P El 184 RRR I 3 18 184 

CP and 2800 cards f i ~ r  ane  s u b - b a s i n )  
P 60201020 



This  deck i s  s i m i l a r  t o  t h a t  o f  S e c t i o n  5 .1 .1 ,  excep t  t h a t  no CB 
c a r d s  a r e  i n c l u d e d .  Also ,  t h e  new s i m u l a t i o n  f i l e  c r e a t e d  by t h e  j o b  i s  
a temporary f i l e  which i s  d e l e t e d  a t  t h e  end of t h e  job .  

5.3.  C r e a t i o n  o f  A u x i l i a r y  F i l e s  

Four a d d i t i o n a l  f i l e s  a r e  used by CONTROL. These f i l e s  a r e  
c r e a t e d  by u t i l i t y  programs whi rh  a r e  l i s t e d  i n  Appendix 111, u s i n g  
p r o c e d u r e s  l i s t e d  i n  Appendix PV. The f i l e s  must b e  a v a i l a b l e  f o r  u s e  
by NCSSARR. 

5 .3 .1 .  CBFILE and CCFILE - - - - - - - - - - - - -  

The f i l e s  CBFILE and CCFILE a r e  s i m i l a r  i n  t h a t  b o t h  c o n t a i n  s t a t i o n  
c h a r a c t e r i s t i c  i n f o r m a t i o n .  They a r e  c r e a t e d  u s i n g  t h e  p r o c e d u r e s  CBFILE 
and CCFILE, which u t i l i z e  t h e  program FILECB. Both a r e  indexed s e q u e n t i a l  
f i l e s  and p r o v f d e  a means by which t he  e x t e r n a l  code can b e  used t o  o b t a i n  
t h e  c h a r a c t e r i s t i c ,  s t a t i o n  name a n d / o r  i n t e r n a l  number f o r  t h e  s t a t i o n .  

O r g a n i z a t i o n  of t h e  i n p u t  deck i s  as f o l l o w s :  

a )  C o n t r o l  c a r d :  
Col .  1-6: CBFILE o r  CCFILE 
Col .  11-14: LIST i f  l i s t i n g  is  r e q u i r e d ,  b l a n k  o t h e r w i s e ;  

b )  E x t e r n a l  code f o r  s t a t i o n  i n  Col .  3-7, l e f t  j u s t i f i e d ;  
c )  C h a r a c t e r i s t i c  c a r d s  f o r  s t a t i o n :  

4 CB c a r d s  f o r  CBFILE ( S e c t i o n s  3.12.5-8) 
1 C C O l  c a r d  f o r  CCFILE ( S e c t i o n  3 . 1 2 . 5 ) .  

b)  and c )  a r e  r e p e a t e d  f o r  e a c h  s t a t i o n ,  f o r  a l l  s t a t i o n s .  The e x t e r n a l  
codes  must b e  i n  i n c r e a s i n g  sequence.  Note t h a t  t h e  e x t e r n a l  codes  f o r  
CCFILE w i l l  be  X codes .  

Sample j o b  c o n t r o l  l anguage  i s  g i v e n  below. Space must b e  
r e q u e s t e d  i n  c y l i n d e r s ,  and t h e  p r o c e d u r e s  s p e c i f y  1 c y l i n d e r  f o r  e i t h e r  
f i l e .  For CBFILE t h i s  i s  enough s p a c e  f o r  360 sub-bas ins  on a 2316 d i s k  
pack ,  o r  510 sub-bas ins  on a 3336 pack.  For  CCFILE t h i s  i s  enough s p a c e  
f o r  1368 s t a t i o n s  on a  2316 pack  o r  2261 s t a t i o n s  on a  3336 pack.  



f/CEFILE JOE aaa.bbb.ccccc,unume,M=l 
/J*PROCLIE=NCS.GAE.I2Q25.WISER.SSARLIE 
/ '  EXEC CEFILE 
/,<SYSIN nn :* 
CGFILE LIST 

jolt4 
CEBlS838 1132U S 2 EN0 RIVER 
CEW2509@1@2U 15 1 4 302 150 1 E088 lODB8400 9581061086 
CBQ36D901B2U 8314 IBW8689 
CED35U981Q2W 32515fW833555106 

Jl l E  
,-gn l.qpcjgnFrt- L S. obdd 8 2 RHEMS LOCRL 
CBQ25098@6!3@ 351 2 7082 14901148Ua 18888400 9981D71088 
tbB3609WU69U 6313 1088089 
C88468908598 3458318Q3616310D 

/.fS:'S I l l  DD 3: 
CCF ILE t IST 

ENU RI:,TJT NR UILLRRDVZLLE 

FLAT RIVER RT LAKE MICHIE 

PEE DEE R I V E R  N E W  OLD SNEEDSEORO 

I 
5.3.2. CFILE ------- 

I 

I CFILE contains cha rac te r i s t i c  f n f o ~ n a t f o n  for all s ta t ions .  CFILE i s  

i a l so  an indexed sequential  f i l e ,  but unlike CBFILE and CCFILE, the  in t e rna l  
number is used f o r  r e t r i eva l .  Procedure CFILE is used, u t i l i z i n g  program 
FILEC . 

I 
I 
I The input deck consis ts  of a control card followed by one o r  two cards 

I f o r  each s ta t ion .  The cantrol  card contains LIST i n  Col. 11-14 i f  l i s t i n g  is 

I 
required, and i s  blank otherwise. There follows one card (CB01 o r  CCO1) f o r  
each sub-basin o r  t ransfer  point,  o r  two cards (CLO1 and CL02 or  CROl and 
CR02) f o r  each lake or  reach. The in t e rna l  numbers must be i n  increasing I sequence. 



This f i l e  must contain reach cards f o r  each t r ibu ta ry  and l o c a l  a rea  
as w e l l  as the  main channel. They a r e  used t o  route flows below reservoi rs  
o r  divers ions located in s ide  the  t r i bu t a ry  o r  l o c a l  area.  The in t e rna l  
number f o r  these reaches i s  the same a s  f o r  the sub-basin except t h a t  the  
first d i g i t  is a 7 ,  and the  Past d i g i t  i s  an 8. 

Sample job control  language i s  given below. Space must be requested 
i n  cyl inders ,  and the procedure CFILE spec i f i e s  1 cylinder fo r  t h e  f i l e -  
Since record lengths  vary f a r  this f i l e  i t  is not possible t o  specify  t h e  
number of s t a t i o n s  t h a t  can be  s tored,  but  experience ind ica tes  t h a t  
approximately POOO s t a t i o n s  can be stored i n  t h i s  much space on a 2316 d i sk  
pack, 

- - 

CF I LE L I S T  
CBBlEBYOlUZO 8 2 END RIVER 
CBB16W301U38 8 2 L I TTLE E ICER . . .  
CRB171G16318 MRRKS 
CR0271616328 2-ZPi3 60 
CC017i6164UB PEE DEE RIVER GELOU MRRKS CREEK 

PFILE contains configuration information combined with c e r t a i n  indexing 
information. The card format has been described i n  d e t a i l  i n  Section 4.6. 
PFILE is  a sequent ia l  f i l e  which i s  e n t i r e l y  read in to  core memory when 
required by CONTROL. Procedure PPILE i s  used, u t i l i z i n g  program FILF;P. 

The input deck cons is t s  of several  cont ro l  cards followed by the PFLLE 
deck. The f i r s t  control  card contains LIST i n  Col. 11-14 i f  l i s t i n g  is 
required,  and is blank otherwise, This card i s  not  counted i n  w h a t  follows. 

Remaining cont ro l  cards cons t i t u t e  a basin  directory t o  tk3e PFILE deck. 
These cards have the  following format: 

Col. 2 alphameric character f o r  basin 
Col. 5-8 f i r s t  card number f o r  basin  
Col. 4-121ast card number f o r  basin, 



The PFILE cards  f o r  each basin  a r e  stacked one a f t e r  t he  other .  Ordering of 
basins  is not  important, nor is  i t  necessary t h a t  t h e  order  of t h e  con t ra1  
cards agree  wi th  t h e  order  of t h e  PFILE s tack.  

The card numbers are simply ordered consecutively s t a r t i n g  from t h e  
f i r s t  d i r ec to ry  card t o  t h e  end of t h e  deck. Since i t  is o f t en  no t  con- 
venient  t o  ge t  an  accura te  count of t h e  number of cards f o r  each basin,  it 
may be e a s i e s t  t o  put t h e  d i r ec to ry  cards  i n  t he  deck with t h e  card number 
f i e l d s  blank, and t o  execute t h e  program with t h e  LIST operand. The l i s t i n g  
includes  t h e  card numbers from which t h e  d i r ec to ry  can b e  completed. 

Sample job con t ro l  language is  given below. Space may be requested 
i n  t racks ,  and 3 t r acks  a r e  spec i f ied  i n  procedure PFILE. This is enough 
space t o  s t o r e  720 records  (28 card columns) on a 2316 d i sk  pack, o r  1260 
r eco rds  on a 3336 pack. 



CALIBRATION AND TESTING 

6 .1 .  F l a t  R iver  

S i n c e  i t  was n e c e s s a r y  t o  develop v a l u e s  of t h e  b a s i n  p a r a m e t e r s  t o  
t e s t  t h e  SSARR s i m u l a t i o n  f o r  N o r t h . C a r o l i n a  b a s i n s ,  a b a s i n  was s e l e c t e d  
f o r  c a l i b r a t i o n .  I n i t i a l  work was w i t h  t h e  ~ k u s e  R i v e r ,  s o  a l l  s t r eamf low 
gag ing  s t a t i o n s  i n  t h e  Neuse River  b a s i n  were  reviewed.  The o n l y  b a s i n  
t h a t  was s m a l l  enough t o  c o n s i d e r  r e a s o n a b l y  homogeneous, and w i t h  ade- 
q u a t e  r a i n  g a g i n g ,  was t h e  F l a t  R i v e r .  

The stream gage used was USGS S t a .  02.0855.00 - F l a t  R iver  a t  
Cahama. The gage i s  0.5 m i l e s  ups t ream from Lake Michie  and r e c o r d s  a r e  
e s s e n t i a l l y  u n a f f e c t e d  by any r e g u l a t i o n .  The d r a i n a g e  a r e a  i s  150 
s q u a r e  m i l e s  of r o l l i n g  Piedmont t e r r a i n .  Records of d a i l y  s t reamf low 
are a v a i l a b l e  s i n c e  J u l y  1925,  b u t  a p e r i o d  J a n .  1950 - September 1972 
was used f o r  model c a l i b r a t i o n ,  

Two r a i n f a l l  s t a t i o n s  gage r a i n f a l l  i n  t h e  wa te r shed .  One, NWS 
S t a .  31-7499 - Rougemont i s  l o c a t e d  i n s i d e ,  b u t  n e a r  t h e  o u t l e t ,  of  t h e  
wa te r shed .  P r e v i o u s  work had i n d i c a t e d  t h a t  the c o o p e r a t i v e  o b s e r v e r  
t h e r e  d i d  n o t  a lways  r e c o r d  e v e r y  day of r a i n  d t z i i l g  a s t o r m ,  b u t  t ended  
t o  accumula te  amounts on a few days .  The o t h e r  s t a t i o n ,  NWS S t a .  31-7516- 
Roxboro i s  l o c a t e d  on t h e  wa te r shed  d i v i d e ,  more o r  l e s s  c e n t r a l l y  on a 
fan-shaped w a t e r s h e d .  On f i n a l  r u n s ,  t h e  two s t a t i o n s  were we igh ted  
e q u a l l y ,  a l t h o u g h  t h e r e  was l i m i t e d  improvement o v e r  u s i n g  e i t h e r  gage by 
i t s e l f .  

Because o f  t h e  n a t u r e  o f  t h e  r e l a t i o n s  used by SSARR, as opposed t o  
pa ramete r  v a l u e s ,  and t h e  l a c k  of e x p e r i e n c e  i n  f i t t i n g  t h e  model,  c a l i -  
b r a t i o n  o f  t h e  w a t e r s h e d  t o o k  a v e r y  l a r g e  number of computer r u n s .  
D a i l y  v a l u e s  were  p l o t t e d  u s i n g  t h e  SSARR p r i n t e d  p l o t  f o r  comparison o f  

I 

hydrograph  s h a p e ,  and t h e  a r t i f f c i a l  r e s e r v o i r  ( S e c t i o n  3 .9)  was used f o r  
comparison o f  f l o w  volumes. 

The p r o c e s s  was s t a r t e d  by u s i n g  a s e t  o f  r e l a t i o n s  f u r n i s h e d  by 
Corps p e r s o n n e l  t h a t  were  b e i n g  used on o t h e r  w a t e r s h e d s .  A number of 
t h e s e  were  found t o  have l i t t l e  e f f e c t ,  a t  l e a s t  f o r  t h e  d a i l y  a v e r a g e s  
b e i n g  t e s t e d ,  and were  n o t  m o d i f i e d .  Snowfa l l  was i g n o r e d ,  s o  snowmelt 
model p a r a m e t e r s  were  n o t  t e s t e d .  I 

The r e l a t i o n s  found t o  have t h e  most e f f e c t  were  t h e  phase  r o u t i n g  
p a r a m e t e r s  and t h e  SMI, B I I ,  S-SS and ETL r e l a t i o n s  ( S e c t i o n  2 .51,  
F i n a l  v a l u e s  o f  t h e  r o u t i n g  p a r a m e t e r s  were  as f o l l o w s :  



S u r f a c e  f l o w  
4 phases  
3 hours  p e r  phase  

Subsur face  f l o w  
2 phases  

1 5  h o u r s  p e r  phase  
Base f low 

1 phase  
720 hours  p e r  phase  

I n  g e n e r a l ,  t h e  l o n g e r  the t o t a l  t i m e  of s t o r a g e ,  t h e  g r e a t e r  t h e  t ime  
d e l a y  i n  t h e  hydrograph, For  a  g i v e n  t o t a l  t ime  of s t o r a g e ,  t h e  more 
p h a s e s ,  t h e  more t h e  o u t f l o w  hydrograph w i l l  l o o k  l i k e  t h e  i n f l o w  hydro- 
g raph .  

The ffnd.1 SMI, B I T ,  S-SS and ETI r e l a t i o n s  a r e  shown i n  F i g u r e s  
6.1-4. 

The SSAR'Z manual recommends c h a t  c a l i b r a t i o n  shou ld  s r a r t  by f i t -  
t i n g  t h e  t o t a l  volume s f  r u n o f f  u s i n g  t h e  p r e c i p i t a t i o n  w e i g h t i n g  f a c t o r  
and t h e  SMI r e l a t i o n ,  R a t i o n a l l y ,  t h e  p r e c i p a c a t f o n  weEghting f a c t o r  
shou ld  b e  modi f i ed  o n l y  i f  the  r a i n  gage o r  q ~ g c ;  z.ap TLOC b e  r e p r e s e n t a -  
t i v e  of t h e  wa te r shed  a v e r a g e  r a i n f a l l .  S i n c e  Ehe P l a t  R iver  wa te r shed  
had been p a r t i c u l a r l y  s e l e c t e d  because  of t h e  adequacy of t h e  r a i n  
gag ing ,  t h e  a c t u a l  measuremems were n o t  modi f i ed .  

The SMI r e l a t i o n  was t h e r e f o r e  l e f t  a s  p r imary  c o n t r o l  f o r  t h e  
r u n o f f  volume. SSARR p e r m i t s  e i t h e r  a two-var iab le  r e l a t i o n  between t h e  
s o i l  m o i s t u r e  i n d e x  and t h e  r u n o f f  p e r c e n t  o r  a  t h r e e - v a r i a b l e  r e l a t i o n  
u s i n g  t h e  r a i n f a l l  i n t e n s i r y  a s  a  p a r a m e t e r .  It was found v e r y  q u i c k l y  

I t h a t  t h e  two-var iab le  r e l a t i o n  was u n s a t i s f a c t o r y .  Even u s i n g  d a i l y  
I r a i n f a l l  d a t a ,  t h e  a v e r a g e  d a i l y  i n t e n s i t y  proved t o  be  a n  i m p o r t a n t  p a r t  

of t h e  r e l a t i o n .  I f  h o u r l y  d a t a  had been a v a i l a b l e ,  t h e  form of t h e  
r e l a t i o n  would have been d i f f e r e n t ,  and t h e  r e s u l t s  p r o b a b l y  improved. 

One problem o c c u r r e d  o f t e n  enough d u r i n g  f i t t i n g  t o  be  r e c o g n i z e d  
a s  a n  e r r o r  i n  model f o r m u l a t i o n .  The S o i l  M o i s t u r e  Index  i n  SSARR i s  a  
s i n g l e  t e rm which i s  added t o  by r a i n f a l l  which does  n o t  run o f f  and i s  

1 s u b t r a c t e d  from by t h e  E v a p o t r a n s p i r a t i o n  Index  (ETI) .  Suppose on one 
hand t h a t  a  p ro longed  d r y  s p e l l  l o w e r s  t h e  SMI t o  l i n c h .  Suppose on t h e  
o t h e r  hand t h a t  t h e  d r y  s p d l  c o n t i n u e s  t o  lower  t h e  SMP n e a r  z e r o ,  and 
t h e n  1 Znch of r a i n  raises i t  t o  1 i n c h .  The model now p r e d i c t s  t h e  same 
p e r c e n t a g e  of r u n o f f  from a - s t o r m  i n  e i t h e r  c a s e  s i n c e  SMI i s  t h e  same. 

I ~ R a t i o n a l l y ,  t h i s  i s  n o t  c o r r e c t  s i n c e  t h e  e f f e c t  o f  t h e  a n t e c e d e n t  r a i n -  
f a l l  i s  i g n o r e d ,  and t h e  tests on t h e  P l a t  R iver  i n d i c a t e  t h a t  s e r i o u s  

I e r r o r s  c a n  r e s u l t  whenever summer s t o r m s  o c c u r  o v e r  pe r%ods  of a  few t i m e  
i n t e r v a l s ,  
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Figure 6 . 3 .  S-SS r e l a t i o n  used fox tests 





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 is 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. If 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 value of 11 inches was found 
to result in an actual limit of around 8 inches, while still 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. 

The Baseflow Infiltration Index (BII) is zffective 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 connection, 

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. 



R e s u l t s  of t h e  model c a l i b r a t i o n  a r e  t o o  e x t e n s i v e  t o  r e p o r t  h e r e .  
With t h e  e x c e p t i o n  of a few summer s t o r m s  r e f e r r e d  t o  above,  t h e  model 
appeared t o  work s a t i s f a c t o r i l y .  The f i n a l  e r r o r  i n  t o t a l  volume was +3 
i n c h e s  (ou t  o f  a  t o t a l  of 280 i n c h e s ) ,  and a t  no t i m e  d i d  t h e  a c c u m u l a t i v e  
e r r o r  i n  volume exceed 5 i n c h e s  i n  e i t h e r  d i r e c t i o n .  

A f t e r  t h e  r e s t  o f  t h e  NCSSARR sys tem had been completed,  t h e  F l a t  
R iver  s i m u l a t i o n  was t e s t e d  u s i n g  t h e  TEST o p t i o n  ( S e c t i o n  3 .9)  f o r  t h e  
p e r i o d  J a n .  1949 - Dec. 1973. HISARS o u t p u t  was o b t a i n e d ,  and monthly 
t o t a l s  of s i m u l a t e d  and observed runof f  were compared a s i n g  t h e  S t a t i s t i -  
c a l  A n a l y s i s  System (SAS), 

A  p l o t  o f  s i m u l a t e d  v s  observed monthly r u n o f f  i s  g iven  on F i g u r e  
6 .5 .  A tendency toward o v e r e s t i m a t e s  d u r i n g  d r y  months and under- 
e s t i m a t e s  d u r i n g  wet months i s  a p p a r e n t .  T h i s  may imply t h a t  t h e  b a s e  
f l o w  p e r c e n t a g e  i s  t o o  h igh .  

A  p l o t  of accumulated s i m u l a t e d  r u n o f f  v s  accumulated observed 
runof f  (double-mass c u r v e )  i s  g i v e n  i n  F i g u r e  6 . 6 ,  As found i n  t h e  c a l i -  
b r a t i o n ,  no c o n s i s t e n t  o r  s i g n i f i c a n t  d e v i a t i o n s  were  found i n  t h i s  
r e l a t i o n .  

C e r t a i n  s t a t i s t i c s  of t h e  monthly t o t a l s  were a l s o  o b t a i n e d .  The 
f o l l o w i n g  were used i n  a r e c e n t  compara t ive  s t u d y  by t h e  World Meteoro- 
l o g i c a l  O r g a n i z a t i o n  (1975)  6 

C o e f f i c i e n t  o f  v a r i a t i o n  of t h e  r e s i d u a l  e r r o r s  

R a t i o  o f  r e l a t i v e  e r r o r  t o  t h e  mean 

R a t i o  of a b s o l u t e  e r r o r  t o  t h e  mean 

where S i s  t h e  s i m u l a t e d  monthly f low,  
0 i s  t h e  observed monthly f low,  - 
0 i s  t h e  a v e r a g e  observed  monthly f low,  and 
n  i s  t h e  number of months. 
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Also c a l c u l a t e d  was t h e  c o r r e l a t i o n  c o e f f i c i e n t .  

R e s u l t s  a r e  t a b u l a t e d  i n  Tab le  6 . 1 ,  A s a t i s f a c t o r y  f i t  i s  
i n d i c a t e d .  

S t a t i s r i c a L  a n a l y s e s  of t h e  monthly and d a i l y  s t reamf lows  were  a l s o  
o b t a i n e d  f o r  each  month f u r  b o t h  s i m u l a t e d  and observed f l o w s .  Some of 
t h e s e  r e s u l t s  a r e  summarized i n  Tab le  6 .3 .  

These r e s u l t s  show t h a t  a l t h o u g h  t h e  o v e r a l l  a v e r a g e  f l o w  was v e r y  
good, t h e r e  w a s  a rendency t o  over - s imula te  i n  t h e  s p r i n g  and t o  under- 
s i m u l a t e  i n  t h e  swmner, Of much more concern ,  however, a r e  t h e  s t a n d a r d  
devia"lioras, b o t h  of mrrnthEy arid d a i l y  v a l u e s ,  which show t o o  l i t t l + a _  v a r i a -  
t i o n  among zhe s i r r , uk t ed  va luks ,  ~ ~ ~ i l l l a ~ i l y  du r ing  the  summer and f a l l "  
T h i s  i s  p o s s i b l y  d u e  t o  t h e  i n a b i l i t y  of the  modal t o  respond t o  r a i n f a l l  
e v e n t s  when t h e  s o i l  m o i s t u r e  index i s  Pow, 

. a -  The HISARS y r o c e s s i n g  f a r  low f l o w  and ?-;;- riow a n a l y s i s  was a l s o  
used f o r  comparison.  The 10-year f requency  f lows  f o r  p e r i o d s  of 1, 7 ,  30 
and 60 days  a r e  l i s t e d  i n  T a b l e  6 - 2 .  Simula ted  l o w  flows a r e  g e n e r a l l y  
over -es t imated ,  w h i l e  s2rnulated h i g h  f lows  a r e  u n d e r - e s t i m a ~ e d ,  v e r i f y i n g  
f u r t h e r  t h e  l a c k  o f  v a r i a t i o n  a l r e a d y  found.  

The f l o w  d u r a t i o n  c u r v e  i s  shown i n  F i g u r e  6.7.  The f i t  of  t h i s  
curve  i s  e x t r e m e l y  good, i n d i c a t i n g  t h a t  o v e r  most of t h e  f low r a n g e  t h e  
model h a s  done v e r y  w e l l .  

6.2.  S w i f t  Creek 

To e x t e n d  t h e  c a l i b r a t i o n  t o  t h e  C o a s t a l  P l a i n ,  a second gage was 
r e q u i r e d .  S i n c e  no s t r e a m  gage w i t h  a d e q u a t e  r a i n  gaging was found ,  t h e  
b e s t  was u s e d .  The scream gage s e l e c t e d  was USGS S t a .  02.0920,00 - S w i f t  
Creek n e a r  Vanceboros The d r a i n a g e  a r e a  i s  182 s q u a r e  miles of r e l a t i v e -  
l y  f l a t  C o a s t a l  PP'ain t e r r a f n .  P a r t  o f  t h e  c h a n n e l  was c a n a l i z e d  i n  
1964. Records  o f  d a i l y  s t reanif low a r e  a v a i l a b l e  s i n c e  Feb2uary 1950. 

Two r a i n f a l l  s t a t i o n s  a r e  n e a r  t h e  wa te r shed .  One, NWS S t a .  31- 
3638 - G r e e n v i l l e  i s  l o c a t e d  n e a r  t h e  upper  end o f  r h e  w a t e r s h e d ,  and i t  
was o r i g i n a l l y  p lanned  t o  use  t h i s  gage s o l e l y  f o r  s i m u l a t i o n .  It was 
found,  however, c h a t  a  l a r g e  number o f  s t o r m s ,  ev idenced  by s i g n i f i c a n t  

,observed r u n o f f  e v e n t s ,  had n o t  been r e c o r d e d  a t  t h e  gage,  a l r h o u g h  n e a r -  
by gages  showed r a i n f a l l .  The second gage,  NWS S t a .  31-9100 - Washington 
was t h e r e f o r e  used  t o  r e p r e s e n t  t h e  lower  p a r t  of t h e  wa te r shed ,  a l t h o u g h  
i t  i s  . l o c a t e d  a lmos t  PO m i l e s  o u t s i d e  t h e  w a t e r s h e d .  
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Table 6 .3  

Statistical Analysis of Streamflow 

Month Mean 
(Monthly totals) 

S SM OB S 

Flat River at Bahama 

JAN 
FE B 
MAR 
APR 
MAY 
JUN 
YUL 
AUG 
SEP 
OCT 
NOV 
DE C 

AVE 4060 4110 

Swift Creek near Vanceboro 

JAN 
FEB 
MAR 
APR 
MAY 
JUM 
JUL 
AU G 
SEP 
OCT 
NOV 
DE C 

AVE 6160 6220 

Standard deviation 
(Monthly totals) 

S IM OB S 

Standard deviatian 
(Daf 1y values) 
SLM OBS 





Another problem was encountered i n  a t t e m p t i n g  t o  u s e  a  weighred 
a v e r a g e  of t h e s e  two gages .  Repor t ing  t i m e s  f o r  t h e  gages  a r e  d i f f e r e n t ,  
s o  t h a t  major  summer s to rms  were  o f t e n  r e p o r t e d  on two d i f f e r e n t  days .  
Averaging t h e s e  produced two days  of moderate  r a i n f a l l  r a t h e r  t h a n  one of 
heavy r a i n f a l l ,  w i t h  consequent  r e d u c t i o n  i n  s i m u l a t e d  r u n o f f .  It was 
f i n a l l y  d e c i d e d  t o  u s e  o n l y  t h e  Washington gage f o r  t h e  c a l i b r a t i o n ,  
u s i n g  t h e  GreenvfEle  gage t o  i d e n t i f y  s t o r m s  n o t  p r o p e r l y  accounted f o r  
by t h e  Washington gage.  

C a l i b r a t i o n  r e s u l t s  f o r  S w i f t  Creek were  n o t  as s a t i s f a c t o r y . a s  
t h o s e  f o r  t h e  F l a t  R i v e r ,  much of t h e  d i f f i c u l t y  b e i n g  a t t r i b u t e d  t o  the 
l a c k  of good r a i n f a l l  da ta ,  F i n a l  v a l u e s  of t h e  r o u t i n g  paramete rs  were  
a s  f o l l o w s :  

S u r f a r e  f l o v ~  
2 p k s e s  

36 hours p e r  phase  
Subscrfacc flow 

2 1 b a s e s  
7 2  h o u r s  p e r  phase  

Base f low 
l phase  

720 h o u r s  p e r  phase  

Flood hydrographs  on t h i s  wa te r shed  a r e  much more a t t e n u a t e d  t h a n  f o r  t h e  
F l a t  R i v e r ,  and t h i s  2s  &ccounted f o r  i n  t h e  model by l o n g e r  s t o r a g e  
t i m e s  f o r  t h e  s u r f a c e  and s u b s u r f a c e  r u n o f f .  The c a n a l i z a t i o n  may have 
a f f e c t e d  t h i s  as w e l l ,  b u t  t h e  change i n  c o n d i t i o n s  was n o t  examined i n  
d e t a i l .  

The f i n a l  SMI, B I T ,  S-SS and ETI r e l a t i o n s  a r e  shown i n  F i g u r e s  
6.1-4. (The S-SS r e l a t i o n  was n o t  changed from t h e  F l a t  R iver  r e l a t i o n , )  
The e f f e c t  of d i f f e r e n c e s  i n  topography and r a i n f a l l  c h a r a c t e r i s t i c s  a r e  
a p p a r e n t .  

A f t e r  comple t ing  NCSSARR, t h e  S w i f t  Creek s i m u l a t i o n  was t e s t e d  
u s i n g  t h e  TEST o p t i o n .  T e s t i n g  was s i m i l a r  t o  t h a t  f o r  t h e  F l a t  R iver .  
However, i n  NCSSARR t h e r e  g r e  two sub-basins  above t h e  S w i f t  Creek gage ,  
so  s i m u l a t e d  r e s u l t s  a r e  f o r  t h e  sum of  t h e  f l o w s .  

S imula ted  v s  observed monthly r u n o f f  i s  p l o t t e d  i n  F f g u r e  6 .5 .  The 
r e l a t i o n  i s  n o t  bad ,  low s i m u l a t e d  t o t a l s  f o r  l a r g e  observed e v e n t s  re- 
s u l t i n g  g e n e r a l l y  from poor r a i n f a l l  r e c o r d s .  

Accumulated simuPate? r u n o f f  v s  accumulated observed r u n o f f  is 
p l o t t e d  i n  F i g u r e  6 .6 .  The maximum d e v i a t i o n  t h a t  seemed t o  o c c u r  
around 1960 h a s  n o t  been r e l a t e d  t o  any p h y s i c a l  change,  



S t a t i s t i c s  f o r  t h e  monthly v a l u e s  a r e  t a b u l a t e d  i n  T a b l e  6.1.  The 
r e s u l t s  a r e  n o t  q u i t e  a s  good a s  f o r  t h e  F l a t  R i v e r ,  b u t  i n d i c a t e  a  
r e a s o n a b l e  f i t .  

S t a t i s t i c a l  a n a l y s e s  by monrh were a l s o  o b t a i n e d  and a r e  l i s t e d  i n  
Tab le  6 .3 .  En g e n e r a l ,  agreement o f  t h e  monthly means was b e t t e r  t h a n  
f o r  t h e  F l a t  R i v e r ,  The s t a n d a r d  d e v i a t i o n s  of s i m u l a t e d  monthly v a l u e s  
a r e  s l i g h t l y  low a s  b e f o r e ,  b u t  t h e  s t a n d a r d  d e v i a t i o n s  o f  d a i l y  v a l u e s  
a g r e e  v e r y  w e l l .  

The low f l o w  and hrgh f l o w  a n a l y s i s  i s  summarized i n  Tab le  6 .2 .  The 
s i m u l a t e d  low f lows  appear  t o  b e  bad ly  over -es t imated .  However, t h e  low 
v a l u e s  f o r  observed f lows  a r e  due t o  a  s i n g l e  v e r y  d r y  y e a r ,  and t h e  low 
f l o w s  by y e a r  f o r  t h e  observed r e c o r d  a r e  mos t ly  h f g h e r  t h a n  f o r  t h e  simu- 
l a t e d  r e c o r d .  

The flow dura t ion  curve i s  .shown i n  F i g u r e  6 , 7 .  The f i t  a g a i n  
a p p e a r s  s a t l s f  d3ccc ry .  

6 , 3 .  Extens ion  t o  Ocher Bas ins  
---=."-- - 

Even i f  t h e  e x t e n s i v e  f i t t i n g  p r o c e s s  USCC in the two i n i t i a l  t e s t  
b a s i n s  were  p o s s i b l e  on o t h e r  b a s i n s ,  t h e  c o s t  i n  t ime  and computa t ibn  
would b e  t o o  e x c e s s i v e  r o  repear o f t e n .  Use o f  NCSSARR as contemplated 
r e q u i r e s  t h a t  i t  be  p o s s i b l e  t o  e s t i m a t e  p a r a m e t e r s  f o r  o t h e r  b a s i n s ,  
gaged o r  ungaged, w i t h o u ~  r e c o u r s e  t o  f i t t i n g  p r o c e d u r e s .  

It was dec ided  t o  i d e n t i f y  S w i f t  Creek as c h a r a c t e r i s t i c  of C o a s t a l  
P l a i n  b a s i n s  and t o  i d e n t i f y  F l a t  R iver  a s  c h a r a c t e r i s t i c ' o f  Piedmont and 
mountain b a s i n s .  Other  b a s i n s  were c l a s s i f i e d  a s  one of t h e  two t y p e s  
a r b i t r a r i l y ,  w i t h  t h e  " f a l l  l i n e "  s e r v i n g  a s  a  rough d i v i d i n g  l i n e .  

On t h e  b a s i s  o f  t h e  r e s u l t s  found f o r  t h e  i n i t i a l  t e s t  b a s i n s ,  t h e  
f o l l o w i n g  paramete r  e s t i m a t e s  were  used f o r  o t h e r  b a s i n s :  



Piedmont & C o a s t a l  
Mountain P l a i n  

S u r f a c e  f low 
Number of phases  
Hours p e r  phase  

Subsur face  f low 
Number of phases  
Hours p e r  phase  

Base f l o w  
Number of phases  
Hours pe r  phase  

SML r e l a t i o n  

B I T   elation 

S-SS r e l d e i e n  

ETT r e l a t i o n  

The v a l u e  s f  d  i s  t h e  d r a i  nage a r e a  d i v i d e d  by 10,  t a k e n  t o  t h e  n e a r e  
i n t e g e r .  The numbers g i v e n  f o r  t h e  r e l a t i o n s  are t h e  c u r v e  numbers 
used on F i g u r e s  6 .1-4 ,  

No p a s r i e u l a r  d e f e n s e  is  made of t h e  g i v e n  v a l u e s .  Although b o t h  
i n i t i a l  test  b a s i n s  were abou t  t h e  same s i z e ,  i t  seemed r e a s o n a b l e  t h a t  
t h e  r o u t i n g  p a r a m e t e r s  shou ld  somehow b e  r e l a t e d  t o  t h e  b a s i n  a r e a  ( b a s i n  
l e n g t h  would p r o b a b l y  b e  a b e t t e r  c r i t e r i o n ,  b u t  i t  was n o t  as r e a d i l y  
a v a i l a b l e ) .  

En f o l l o w i n g  s e c t i o n s ,  r e s u l t s  of t h e  s i m u l a t i o n  r u n s  f o r  f o u r  
g roups  of f o u r  b a s i n s  each  are p r e s e n t e d ,  r e s p e c t f v e  t e s t  s t a t i s t i cs  
be ing  t a b u l a t e d  i n  T a b l e s  6.1-2. It s h o u l d  b e  emphasized t h a t  no f i t t i n g  
was done f o r  t h e s e  b a s i n s ,  t h e  pa ramete r  v a l u e s  b e i n g  unchanged from 
t h o s e  g i v e n  above,  I n  many c a s e s ,  c e r t a i n  pa ramete r  v a l u e  changes  a r e  
o b v i o u s l y  r e q u i r e d ,  and t h e  changes  would undoubtedly  fmprove the f i t ,  
The t e s t  r e s u l t s  a r e  based t o t a l l y  on t h e  f i t t i n g  done on t h e  rwo i n i t i a l  
t e s t  b a s i n s .  

6 .4 .  Neuse R i v e r  Mafnstream Gages 

To t e s t  o p e r a t i o n  of t h e  sys tem f o r  l a r g e r  areas, r e c o r d s  f o r  f o u r  
long-term gages  on t h e  Neuse R i v e r  were  t e s t e d .  They a r e :  

02.0870,OO N o r t h s i d e  526 s q .  m i .  
02,0875,OO C1 a y t o n  1140 s q .  m i .  
02,0890.00 Goldsboro 2390 s q ,  m i .  
02.0895.00 Kins  t on 2690 s q ,  m i .  



The F l a t  R iver  t e s t  a r e a  is upst ream of a l l  of t h e s e  gages ,  t h e  e n t i r e  
a r e a  above Nor ths ide  b e i n g  r e l a t i v e l y  s i m i l a r  t o  t h e  F l a t  R i v e r .  The 
d r a i n a g e  a r e a  above Clay ton  i s  predominan t ly  Piedmont,  b u t  t h e  Goldsboro 
and Kins ton  gages  have l a r g e  C o a s t a l  P l a i n  t r i b u t a r y  a r e a s .  No mainst ream 
gage i s  downstream of S w i f t  Creek.  

En a d d i t i o n  t o  s i m u l a t i o n  oE $he t r i b u t a r y  b a s i n s ,  s i m u l a t i o n  on t h e  
main s t r e a m  enearils  s t r eamf low r o u t i n g ,  T h i s  r e q u i r e s  t h a t  r o u t i n g  p a r a -  
m e t e r s  must a l s o  b e  e s t i m a t e d  f o r  t h e  main s t r e a m  and major  t r i b u t a r i e s .  
Plow r e c o r d s  were revfewed t o  de re rmine  t i m e  d e l a y  f o r  f l o o d  peaks  of 
v a r i o u s  s i z e s ,  and on t h e  b a s i s  at t h i s  i n f o r m a t i o n  t h e  p a r a m e t e r s  g iven  
i n  Tab le  6 , 4  wera e s t i m a t e d .  

' The SSARR manual s u g g e s t s  use  of 5 t o  EO miles of c h a n n e l  p e r  p h a s e ,  
s e  t h a t  t h e  nu,nber o f  phases may be  e s t i m a t e d  from t h e  r e a c h  l e n g t h ,  The 
t i n e  of .-;cc?rage p e r  phase  i s  assumed. t o  f o l l o w  t h e  r e l a t i o n  ( S e c t i o n  2 . 5 ) .  

The SSARR manual reea:;lzends as rr v a l u e  of O , d  tu.- t i te  Crrlumbfa R i v e r ,  b u t  
~ e s u l t s  i n d i c a t e  t h a t  n  shu.zld be n e g a r i v e  f.31 E C ; ~  :4e=;its;? R i v e r .  SSARR 
o p t i o n a l l y  p e r m i t s  l o a d i n g  a r e i a t f o n  between d l s c h a r g g  and t i m e  of 
s t o r a g e ,  and t h i s  might  te a b2tter way t o  account  f o r  over5an.k f l o w  t h a n  
by u s e . o f  n e g a t i v e  n v a l u e s ,  a u t  i b i s  o p t i o n  was n q t  t e s t e d .  

Sfmulated v s  observed  monthly runoEf i s  p l o t t e d  i n  F i g u r e  6 . 8  f o r  
a 2 1  f o u r  gages ,  a c c u x u l a t z d  s i m u l a t e d  runof f  vs accumulated observed  run-  
o f f  i s  p l o t t e d  i n  F i g u r e  5 , 9 ,  t h e  f l o w  d u r a t i o n  c u r v e s  a r e  p l o t t e d  i n  
F i g u r e  6 ,PO and t e s t  s t a t i s t i c s  a r e  t a b u l a t e d  i n  T a b l e s  6-1-2.  

As mfght be e x p e c t e d ,  t h e  f i t  i s  q u i t e  good f o r  t h e  N o r t h s i d e  gage,  
comparable t o  t h e  F l a t  River  r e s u l t s .  T e s t  s t a t i s t i c s  a t  t h e  downstream 
gages  a l s o  i n d i c a t e  a g e n e r a l l y  good f i t ,  and t h e  p l o t s  i n  F i g u r e s  6.8-9 
a r e  a c c e p t a b l e ,  However, t h e  f low d u r a t i o n  c u r v e s  show a  c o n s i s t e n t  
under -es t imar fon  of low f l o w s ,  and f u r t h e r  examina t ion  o f  Tab le  6.2 shows 
t h a t  t h e  low Eiow e s t i m a t e s  a r e  s e r f o u s S y  i n  e r r o r  a t  a l l  f o u r  gages .  

Although t h e r e  w a s  evfdence  of such  a  problem f o r  t h e  Flat:  Rfver  
t e s t  b a s h ,  i t  was c e r t a i n l y  n o t  a s  s e r i o u s  as f o r  t h e  mainst ream g a g e s -  
It i s  p o s s i b l e  t h a t  t h e  h i g h  b a s e  flow i s  b e i n g  main ta ined  by o t h e r  
b a s i n s .  It i s  a l s o  p o s s i b l e  t h a t  w a t e r  t h a t  moves downward i n r o  grouad- 
w a t e r  and i s  Pos t  t o  t h e  b a s i n  r e a p p e a r s  downstream i n  t h e  m a i ~  s t r eam.  

To conc lude ,  these  t e s t s  f n d i c a t e  t h a t  t h e  model i s  u s e f u l  i n  p r e -  
d i c t i n g  mainst ream flows, and t h a r  t h e  f lows  b e i n g  s i m u l a t e d  i n  a l l  t h e  
sub-bas ins  a r e  a t  l eas t  of t h e  r i g h t  o r d e r  o f  magnftude,  b d t  t h a t  s i m u l a t -  
ed low f l o w s  a r e  much t o o  s m a l l  t o  b e  u s e f u l .  
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Table 6 .4  

Routing Parameters - Neuse River 

River 
Name 

Erlo 

F l a t  

Neuse 

Neuse 

Neuse 

Newe 

Neuse 

Neuse 

Neuse 

Neuse 

Neuse 

Neu s e 

Neuse 

Neuse 

Neuse 

L i t t l e  

Contentnea 

Contentnea 

Contentnea 

Contentnea 

Contentnea 

L i t .  Cont. 

Neuse 

Neuse 

Swf f t 

Trent  

Reach 
l e n g t h ,  
mi les  

15 

16 
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4 

16  

12 

15 
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10 

12  
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.6 
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. 7  
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.7 

. 7  
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2.0 
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. 8  
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2.5 



"a: 





Figure 6.10. Flow durakion curves f o r  Reuse River mainatem gages 



6.5.  Neuse River  Sub-watersheds 

A d d i t i o n a l  tests were  made on f o u r  sub-watersheds of t h e  Neuse 
River f o r  which l o n g  s t reamf low r e c o r d s  a r e  a v a i l a b l e .  The s t a t i d n s  q r e :  

02.0880.00 Middle Creek n e a r  Clayton 80.7  s q .  m i .  
02.0885.00 L i t t l e  R i v e r  n e a r  P r i n c e t o n  229 s q .  m i .  
02.0915.00 Contentnea Creek a t  Hookerton 729 s q ,  m i .  
02.0925.00 T r e n t  River  n e a r  Tren ton  . 968 s q .  m i .  

Middle Creek i s  p r i m a r i l y  a Piedmont b a s i n ,  and was s o  c l a s s i f f e d ,  
a l t h o u g h  t h e  lower end i s  i n  t h e  C o a s t a l  P l a i n .  The L i t t l e  R iver  and 
Contentnea Creek wate r shed  a r e a s  i n c l u d e d  s e v e r a l  sub-bas ins ,  some i n  
t h e  Piedmont and some i n  t h e  C o a s t a l  P l a i n ,  t h e  L i t t l e  R iver  b e i n g  p r e -  
dominant ly  Piedmont and Contentnea Creek b e i n g  p redominan t ly  C o a s t a l  
P l a i n .  The T r e n t  River  i s  i n  t h e  lower C o a s t a l  P l a i n ,  t o p o g r a p h i c a l l y  
v e r y  s i m i l a r  t o  Swi f t  Creek,  

Although s e v e r a l  of t h e  sub-bas ins  of Contentnea Creek have adequace 
r a i n f a l l  d a t a ,  r a i n f a l l  d a t a  f o r  t h e  sub-watersheds  i n  g e n e r a l  i s  poor ,  
Records used f o r  s i m u l a t i o n  s f  Pfiddle Creek,  1 , i r t l s  R iver  and T r e n t  R i v e r  
were a l l  f o r  s t a t i o n s  l o c a t e d  a lmos t  PO m i l e s  from t h e  wa te r shed  boundary.  

R e s u l t s  f o r  t h e  f o u r  w a t e r s h e d s  a r e  p l o t t e d  i n  F i g u r e s  6.11-13 and 
t e s t  s t a t i s t i c s  t a b u l a e e d  i n  Tables 6.1-2. 

Comparison of t h e  monthly t o t a l s  shows more s c a t t e r  t h a n  b e f o r e ,  
which might b e  expec ted  g i v e n  t h e  r a i n f a l l  d a t a  problem. The gages  f o r  
which t h e  b e s t  r e s u l t s  were  o b t a i n e d  a r e  t h o s e  which i n c l u d e  s e v e r a l  sub- 
b a s i n s .  

The p l o t s  of a c c u m u l a t i v e  t o t a l  f l o w  a r e  s a t i s f a c t o r y  f o r  Contentnea 
Creek and T r e n t  R i v e r ,  bur  f o r  b o t h  Mifddle.Creek and L i t t l e  R i v e r  t h e  
s i m u l a t e d  t o t a l s  a r e  d e f i c i e n t ,  Thks 5 s  a l s o  shown by v a l u e s  of  r h e  test 
s t a t i s t i c  R. E v i d e n t l y  t h e  i n t e r m e d i a t e  topography of t h e  l a t t e r  two 
w a t e r s h e d s  does  n o t  conform w i t h  t h e  Piedmont c l a s s i f i e a t i o n .  They might 
e i t h e r  b e  t e s t e d  a g a i n  a s  C o a s t a l  P l a f n  w a t e r s h e d s ,  o r  a n  a d d f t i ~ n a l  
i n t e r m e d i a t e  c l a s s i f i c a t i o n  developed.  

The d u r a t i o n  c u r v e  and low f l o w  s t a t i s t i c s  show t h a t  s i m u l a t e d  b a s e  
f l o w  v a l u e s  a r e  much t o o  low f o r  t h e  two i n t e r m e d i a t e  g a g e s ,  and a r e  a l s o  
low f o r  Contentnea Creek.  For  t h e  T r e n t  R i v e r ,  t h e  d u r a t i o n  c u r v e  indf -  
c a t e s  t h a t  t h e y  a r e  s l i g h t l y  h i g h , ' a l t h o u g h  t h e  low f l o w  s t a t i s t i c s  a g r e e  
v e r y  w e l l .  







gure 6.13. Flaw duration cux~es  for Neuse River sub--watersheds 
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En conclusion, the results indicate that further attention must be 
given to parameter estimation f u r  sub-basins having characteristics inter- 
mediate between Piedmont and Coastal Plain conditions. The simple dicho- 
tomy is evidently not adequate. It is encouragiig to note, however, that 
fairly good results (except for low flow estimates) have been obtained for 
sub-basins that are 50 miles from the initfal test basins. The test 
statistics compare favorably with any of the verificatfon values reported 
in the WMO study cited above, 

6.6. Yadkfn River Sub-watersheds 

As a fur~her cest of regfonal use of the parameters, records were 
compared fur four gages in the Padkfn RSver basin. The starions are: 

The Fisher River watershed fs ~~iasrk'cai~oils, dr;inlr;g the eastern slope of 
the Blue Ridge. I - lun~ing Creek is swewhar L ;+=,, -nos.; ~~linous, drainfng the 
Brushy Mountains, Abboizrs Creek and the I j r : , ~  i v e ~  are central 
Piedmont watersheds. 

Rainfall records for t h e  t y o  nnountainous watersheds were for gages 
located 5 miles from zhe watershed boundary. Seattons zre located en 
the boundary of the orker two  watersheds, 

The streamflow gage at Lexfngton was closed in 1957, so only 9 
years of record were available lor comparison, The Hunring 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 fn Tables 6.1-2. 

Results for the Fisher Rfver show that simuiatlon fs grossly under- 
estimating the flow in the srream, Tc 1s evident that extension of para- 
meters developed for a Piedmont watershed to a mountainoe~s watershed is 
unacceptable. This fs not surprising, sfnce diffzrence In rainfall alone 
cannot explafn the higher yield ef mountain streams. 

Results for Bunting Creek are not as unsarisfactory as those for the 
Fisher River, reflecting the fact that the warershed 1s  nor as steep. This 
indicates that a single set of parameters for mountainous gages is not 
likely to be satisfactory, Mosc of the Hunting Creek watershed is in fact 
upper Piedmont, and estimation for the lneern~ediate conditrone is indicated. 






















































































































































































































