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ABSTRACT 

A system has been developed f o r  s imu la t jon  s f  s t reamflow d a t a  a t  
any po in t  i n  .i region. The system i s  known ;13 F1CSSAF.R ( ~ o r t h  Carolina 
ve r s ion  of t he  Streamflow S y n ~ h e s i s  and Reservoir  Regulat ion model). 

RTCSSARR i s  based on t he  S t r e a m f l ~ w  Synthes is  and Reservotr  Regula- 
t i o n  (SSARR) program developed a t  t he  North P a c i f i c  Divis ion of t h e  
Corps of Engineers i n  Por t land ,  Oregon. Control programming minimizes 
i npu t  requirements  t o  permi t  a  planner  with l i m i t e d  hydrologic  o r  com- 
pu te r  background t o  use the  system. The system is  i n t e r f a c e d  wi th  t h e  
da t a  s to rage  and r e t r i e v a l  system known a s  HTSARS t o  provide convenient  
da t a  access  a s  w e l l  a s  rou t ine  processing of t he  s imula ted  s t reamflow 
da ta .  

Simulated s t reamflow d a t a  have been obts ined f o r  most r i v e r  b ~ s i n s  
i n  North Carol inao Parameters  requi red  f o r  t he  s imu la t ion  have been 
obtained by comparing the  s imulated da t a  wi th  observed da t a  wherever 
ava i l ab l e .  Af te r  f i t t i n g ,  t he  s imula ted  da t a  hsve been compared wi th  
observed da t a  wi th  r e spec t  t o  s e v e r a l  c r i t e r i a ,  incl-udkng mean f low,  low 
f low,  high flow and monthly d i s t r f b u t i o n .  The d a t a  a r e  i n  reasonable 
agreement f o r  most s t reem gages, implying t h a t  t h e  s imula ted  d a t a  may be 
used i n  l i e u  of observa t ions  wherever t he  l a t t e r  a r e  not  a v a i l a b l e .  

The s imulated s t reamflow da ta  may be used t o  s tudy  a l t e r n ~ t i v e  
management of t he  water  r e soa rces  ~f a  basin. It i s  poss ib l e  t o  i n t r o -  
duce one o r  more proposed r e s e r v o i r s  i n t o  the  system t o  determine t h e  
e f f e c t  of ope ra t ion  of  t he  r e s e r v o i r s  on downstream flows. It i s  a l s o  
poss ib l e  t o  s i m u l a t e  t he  e f f e c t  oP d ive r s ion  of f low,  wi th  r e t u r n  t o  
another  locnt ion.  It is a l s o  possfb le  t o  modify watershed cha rac t e r -  
i s t i c s  and i n  t h i s  way s tudy  t h e  e f f e c t  of p o t e n t i a l  development on 
streamflow. 

This r epo r t  provides a d e s c r i p t i o n  of t he  c r i t e r i a  used t o  f i t  t h e  
model parameters ,  and d i scusses  t he  e f f e c t  of modifying va r ious  para- 
meters  on the  t e s t  c r i t e r i a .  The gene ra l  c h a r a c t e r i s t i c s  of t he  para- 
meters  i n  each bas in  a r e  i d e n t i f i e d ,  and the  r e l a t i v e  u t i l i t y  of t h e  
s imula ted  s t reamflow d a t a  f o r  each bas in  i s  considered. Appendices a r e  
provided f o r  each bas in ,  g iv ing  the  t e s t  r e s u l t s  ~ n d  showing the  bes in  
o rgan iza t ion  under NCSSARR and t h e  Job Control used i n  c r e a t i n g  the  
s imulated records.  
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Streamflow da ta  have been s imulated f o r  a  number of r i v e r  bas ins  i n  
North Carolina. The da t a  were s imulated us ing  t h e  NCSSARR system, 
f i t t i n g  the  model parameters f o r  gaged watersheds i n  the bas ins .  

A number of t e s t  c r i t e r i a  were used i n  f i t t i n g  the  model para-  
meters ,  t o  ensure t h a t  t he  mean f low,  low f low,  h igh  flow and monthly 
d i s t r i b u t i o n  of t h e  s imula ted  da t a  were i n  reasonable agreement wi th  t h e  
observat ions.  The va lues  of t he  t e s t  c r i t e r i a  have been tabula ted .  

The r e s u l t s  show t h a t  t he  s imula ted  d ~ t a  a r e  i n  reasonable agree-  
ment w i th  the  observed da t a  i n  all bas ins ,  and csn be used f o r  l o c a t i o n s  
where observed da t a  a r e  not  ava i l ab l e .  The s imula ted  da t a  a r e  most 
r e l i a b l e  i n  t he  mountains and i n  a r e a s  wi th  an adequate number of p rec i -  
p i t a t i o n  gages. They appear t o  be somewhat l e s s  r e l i a b l e  i n  t he  Pied- 
mont and Coastal. Plain.  Although the  e f f e c t  of inadequate  p rec ip i -  
t a t i o n  measurements a f f e c t s  t he  comparison of s imula ted  and observed 
da t a ,  i t  should have l i t t l e  e f f e c t  on the  u t i l i t y  of t he  s imulated data.  

Data a r e  s imula ted  on headwater and t r i b u t a r y  watersheds a s  w e l l  a s  
on main s t reams under na tu ra l  condi t ions.  Where the  s t reams a r e  unaf f -  
ected by r egu la t ion  o r  d ive r s ion ,  t he  agreement is very  good. Where 
r egu la t ion  i s  s i g n i f i c a n t ,  however, t h e  s imu la t ion  should be modified 
accordingly.  

The r e s u l t s  of t h i s  p r o j e c t  have a l r eady  been appl-ied t o  a  Level R 
Planning Study of t he  Yadkin-Pee Dee River  bas in ,  and a r e  expected t o  be 
used on a  s i m i l a r  s tudy  on the  Cape Fear River. The s imulated data  
provide a means of examining the  e f f e c t  of modified r e s e r v o i r  ope ra t ion ,  
increased water  supply u t i l i z a t i o n  ~ n d  o t h e r  demands on downstream flow. 





INTRODUCTION 

The importance of r eg iona l  planning i s  demonstrated by t h e  l a r g e  
number of s t a t e  water  p lans  now under development. Developers of t hese  
p lans  must know how much water  is a v a i l a b l e ,  a s  i t  v a r i e s  through space 
and through time. 

Prospec t ive  development p r o j e c t s  such a s  r e s e r v o i r s  and d ive r s ions  
cause changes t o  t h e  s t reamflow regime. While t h e  genera l  e f f e c t  o f  
such p r o j e c t s  i s  understood, occas iona l ly  unforeseen consequences occur  
which cause s e r i o u s  problems. In add i t i on ,  changes i n  the  urban dewe- 
lopment p a t t e r n s  of a region change both the  hydrologic  c h a r a c t e r i s t i c s  
and t h e  water  requirements  of t he  area.  Evaluat ion of t h e  consequences 
of such changes r e q u i r e s  d e t a i l e d  a n a l y s i s  us ing  techniques such a s  
s imula t ion .  

I n  a  previous s tudy  (wi se r ,  1976), a s imu la t ion  system c a l l e d  
HCSSARR was developed. This system provided a  means f o r  ob ta in ing  a  
s y n t h e t i c  s t reamflow record a t  any poin t  given only  a  sub-basin i d e n t i -  
f i c a t i o n  and the  upstream watershed area. To demonstrate  i t s  u t i l i t y ,  a  
s imu la t ion  of  t he  Meuse River  bas in  was made and r e s u l t s  were compared 
wi th  observed records  a t  gaged loca t ions .  

This r epo r t  summarizes work done t o  extend the  s imu la t ion  t o  t he  
e n t i r e  s t a t e  of North Carolina. Emphasis i s  on t h e  c r i t e r i a  used t o  f i t  
t he  parameters ,  t h e  techniques of f i t t i n g  the  parameters  and a  compari- 
son of t he  s imula ted  r e s u l t s  wi th  observed records.  Only t o  t h e  e x t e n t  
required t o  f u l f i l l  t he se  aims i s  b a s i c  m a t e r i a l  on the  system i t s e l f  
i n c l u d e d ,  and t h i s  i s  drawn l a r g e l y  from t h e  r e p o r t  o f  t h e  p r e v i o u s  
s tudy ,  which w i l l  be r e f e r r e d  t o  a s  t h e  f i r s t  r e p o r t .  

Some changes have been made t o  t he  o r i g i n a l  ve r s ion  of t he  system. 
These, t oge the r  wi th  c o r r e c t i o n s  t o  t h e  f i r s t  r epo r t  w i l l  be descr ibed 
s p e c i f i c a l l y .  For complete d e t a i l s  on the  system t h e  reader  i s  
r e fe r r ed  t o  t he  f i r s t  report .  



THE NCSSARR SYSTEM 

NCSSARR i s  a  system t h a t  has  been developed t o  s imu la t e  s t reamflow 
a t  any po in t  i n  a  r i v e r  basin.  Watershed s imu la t ion  and bas in  organiza-  
t i o n  a r e  based on the  Streamflow Synthes is  and Reservoir  Regulat ion 
(SSARR) program. To t h i s  has been added f e a t u r e s  t o  make output  compat- 
i b l e  wi th  the  Hydrologic Information Storage and Re t r i eva l  System 
(HISARS), and organiza t ion  of t he  whole t o  make i t  more convenient f o r  
users .  

This  chap te r  summarizes t he  NCSSARR system. For more d e t a i l ,  t h e  
reader  i s  r e f e r r e d  t o  the  f i r s t  r e p o r t ( ~ i s e r ,  1976). 

2.1 . SSARR -- 
The Streamflow Synthes is  and Reservoir  Regulation program was deve- 

loped by t h e  North P a c i f i c  Divis ion of t he  U. S. Army Corps of  Engineers 
(~ockwood,  1968). The system has been used on l a r g e  complex r i v e r  
bas ins  i nc lud ing  t h e  Columbia and Aekong Rivers. It i s  c u r r e n t l y  being 
used f o r  ope ra t iona l  f o r e c a s t i n g  i n  t he  P a c i f i c  Northwest. 

The system i s  much too complex t o  desc r ibe  here  i n  d e t a i l .  
Exce l len t  documentation is  a v a i l a b l e  i n  t he  Program Descr ip t ion  and User 
Manual -- f o r  SSARR, (u. S. Army Engineer Divis ion,  North P a c i f i c ,  m27 
which may be obtained from the  d i v i s i o n  o f f i c e  i n  Por t land ,  Oregon. b 
genera l  knowledge of SSARR i s  necessary i n  o rde r  t o  understand BCSSARR, 
so a  b r i e f  o u t l i n e  of t he  system i s  given here. The above r e fe rence  has 
been drawn upon f r e e l y  i n  t h i s  desc r ip t ion .  

In SSARR, r i v e r  bas ins  a r e  broken down i n t o  four  major types of 
components: 

a )  Watersheds; 
b)  Lakes and r e s e r v o i r s ;  
c )  Channel reaches ;  
d )  Summing po in t s .  

The a c t u a l  s e l e c t i o n  of bas ins  i s  t o  a cons iderable  ex t en t  
a r b i t r a r y .  Each of the  bas ins  ind ica ted  could i t s e l f  be subdivided i f  
required. On the  o t h e r  hand, making the  bas ins  much l a r g e r  could 
in t roduce  excess ive  he te rogenei ty  i n t o  each bas in  which could not  be 
adequately modelled. 

2 



SSARR processes  t h e  p a r t s  i n  t h r e e  s t a g e s :  
a! a  watershed model f o r  syn thes i z ing  outf low from each watershed; 
b) a  r i v e r  system model f o r  accumulat ing and rou t ing  s t reamflow 

through channel and l ake  s to r8ge ;  
c) a r e s e r v o i r  r e g u l a t i o n  model f o s  a n a l y s i s  of r e s e r v o i r  outf low 

and contents .  

The watershed model i s  i l l u s t r a t e d  i n  Figure 2.1. l l o i s tu re  i npu t  
(which may inc lude  r a i n f a l l  and snowmel-t) i s  divided i n t o  runoff and 
accumulat ion t o  s o i l  mois ture  by STIII: - t he  s o i l  mois ture  index. The s o i l  
mois ture  i s  depleted only  by evapo t r ansp i r a t ion ,  a l though deep seepage 
out  of t h e  watershed c m  presumably be included. Runoff i s  divided i n t o  
base f low and d i r ec*  runoff  by B I T  - t h e  base f low i n f i l t r a t i o n  index. 
Di rec t  runoff  i s  f u r t h e r  d i v i d ~ d  i n t o  s u r f a c e  and subsur face  components 
by S-SS - t he  s u r f a c e  - sub-surface flow sepa ra t ion .  

Severa l  a s p e c t s  of t he  model a r e  worth emphasizing: 
1 )  Ra in fa l l  i npu t  may be m u l t i p l i e d  by a  f a c t o r  t o  ob ta in  t h e  

mois ture  i npu t ,  i n  case  t h e  raingage i s  known t o  be non-representa t ive  
of t h e  watershed. 

2) Moisture input  i s  d iv ided  immediately i n t o  runoff  and s o i l  
mois ture  accumulation. This  means t h a t  n e i t h e r  subsur face  f low nor  base 
f low a r e  i n t e r p r e t e d  a s  p a r t  of t he  s o i l  mois ture  a t  any t ime ,  and a r e  
t h e r e f o r e  not  s u b j e c t  t o  l o s s  by evaporat ion o r  deep seepage. 

3) The only ways by which water  leaves  t h e  watershed a r e  by 
evapo t r ansp i r a t ion  and streamflow. Evapot ranspi ra t ion  may be l i m i t e d  
e i t h e r  by r a i n f a l l  o r  by low s o i l  mois ture  content .  I f  t h e r e  i s  
groundwater f low i n t o  o r  ou t  of t h e  watershed, t h i s  i s  lumped wi th  t h e  
evapo t r ansp i r a t ion ,  and t h e  q u a n t i t y  i s  r e fe r r ed  t o  a s  the  
evapo t r ansp i r a t ion  index (ETI! . 

4) There i s  no l i m i t  placed on t h e  soil .  mois ture  index. It csn 
however be con t ro l l ed  by making t h e  runoff  percentage s u f f i c i e n t l y  h igh  
a t  a given va lue  of  t he  s o i l  moisture index. 

5) A unique f e a t u r e  of t h e  model i s  the  use of t a b u l a r  func t ions  
f o r  the  S M T ,  B I T  and S-SS r e l a t i o n s .  Values a r e  obtained by t a b l e  
lookup and i n t e r p o l a t i o n  r a t h e r  than by equat ion.  

6)  The SMI r e l a t i o n  r e l a t e s  t he  runoff percentage (ROP) t o  t h e  s o i l  
moisture index,  o p t i o n a l l y  a s  a  func t ion  of t he  r a i n f a l l  i n t e n s i t y .  

7) The BIT r e l a t i o n  r e l a t e s  t h e  base f low percentage (RFP) t o  t h e  
base flow i n f i l t r a t i o n  index and an opt iona l  base flow inpu t  l i m i t .  

8 )  The S-SS r e l a t i o n  r e l a t e s  t h e  r a t e  of runoff  t o  t he  r a t e  of  
d i r e c t  runoff .  This i s  gene ra l ly  s e t  so t h a t  subsur face  runoff  i s  
dominant a t  very  low d i r e c t  runoff  r a t e s ,  bu t  a s  t h e  r a t e  of d i r e c t  
runoff  i n c r e a s e s ,  t he  sub-surface runoff  becomes cons tan t  and t h e  excess  
is  su r f ace  runoff .  
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(2) A l l  t h r e e  components of runoff  ( s~a r f ace ,  subsur face  and base 
flow) a r e  routed s e p a r a t e l y  t o  t he  stream. This pe rmi t s  requi red  t ime 
sepa ra t ion  of t he  components t o  produce a des l red  hydrograph form. 
Routing i s  con t ro l l ed  by the  number of phases and t ime  of s to rage  pe r  
phase - b a s i c a l l y  t h e  same method as  i s  used i n  t he  r i v e r  system model. 

10) There is  f a i r l y  comprehensive modelling of snowmelt. Since 
t h i s  i s  of minor importance i n  no r th  Carol ina,  t h e  procedure has no t  
been evaluated a s  p a r t  of t h i s  p r o j e c t .  

The r i v e r  system model organizes  t he  components of t he  r i v e r  bas in  
a s  i n  Figure 2.2. This r e q u i r e s  accumulation of f low a t  t h e  summing 
po in t s ,  rou t ing  of f low through channel reaches,  l akes  and r e s e r v o i r s ,  
and con t ro l  func t ions  such RS r e s e r v o i r  opera t ion  and d ive r s ions .  

The rou t ing  method i s  based on the  c o n t i n u i t y  equat ion and assumes 
a  r e l a t i o n  between s t o r a g e  ( 3 )  and outf low (0)  of t he  form: 

S = TsO. 

The p r o p o r t i o n a l i t y  f a c t o r  Ts i s  r e f e r r e d  t o  a s  t he  -- t ime of s torage.  
For channel rout ing ,  i t  may be assumed t o  vary w i t h  discharge. One 
method is  t o  assume the  r e l a t i o n  

- (KTS) Ts - --- 
Q" 

where KTS i s  an empi r i ca l ly  determined cons t an t ;  
Q i s  t h e  d ischarge ;  
n  i s  an empir ica l  c o e f f i c i e n t  usual3.y between -1 and + l .  

A l t e rna t ive ly ,  i t  is  poss ib 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 ~ 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 to red  i n  a 
f i l e  r e f e r r ed  t o  a s  t he  c h a r a c t e r i s t i c  file. This  f i l e  may be stored 
permanently, so t h a t  repeated runs us ing  the  same s t a t i o n s  and t a b l e s  do 
not  r e q u i r e  repeated input  of t h i s  information.  The s to red  t a b l e s  and 
c h a r a c t e r i s t i c s  a r e  modified whenever c o n f l i c t i n g  information i s  given. 





2.2.  HISARS 

The Hydrologic Informat ion  Ptorage and R e t r i e v a l  System (HISARS) 
was developed a t  North Carolina F t a t e  Univers i ty  (w i se r ,  19751. The 
system i s  designed f o r  s to rage ,  r e t r i e v a l  and rou t ine  processing of 
hydrologic  da t a .  

Data l i s t i n g  and process ing  func t ions  have been used widely f o r  
observed da t a ,  and many u s e r s  have become f a m i l i a r  wi th  i t s  use. It 
seemed reasonable,  t h e r e f o r e ,  t o  use these  same c a p a b i l i t i e s  on the  
s y n t h e t i c  da t a  produced by SSARR. Fur ther ,  wi th  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 eady  a v a i l a b l e  from permanent s to rage ,  t hese  should be d i r e c t l y  
a v a i l a b l e  t o  SSARR. 

Standardized f i l e  formats  have been developed f o r  HISARS. Although 
da t a  could be converted from HISARS format t o  SSARR format  before  
processing by SSARR, i t  i s  more e f f i c i e n t  t o  modify SSARR t o  read 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  t h e  vers ion  of  SSARR 
used i n  NCSSARR. 

HISARS uses  an e i g h t - d i g i t  code t o  i d e n t i f y  s t reamflow s t a t i o n s ,  
whi le  SSARR can accept  up t o  nine. This  t h e r e f o r e  caused no problems. 
However, HISARS uses  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 ,  
while  SSARR i s  l i m i t e d  t o  four.  This was solved by inc luding  i n  t h e  
SSARR inpu t  deck ( a s  a  r a i n f a l l  s t ~ t i o n  c h a r a c t e r i s t i c )  a  number 
t r a n s l a t i o n  t o  convert  t h e  i n t e r n a l  (SSARR) code t o  t h e  e x t e r n a l  
(HISARS) code. 

Use of  HISARS has been descr ibed i n  the  Reference Manual (w i se r ,  
1975), and f u l l  c a p a b i l i t i e s  of t he  system a r e  given i n  t h e  manual. I n  
NCSSARR i t s  use i s  l i m i t e d  t o  processing of t he  s imulated s t reamflow 
output  produced by SSARR. 



2.3. CONTROL - 
The func t ion  of  t h e  CONTROL program is t o  read user -or ien ted  inpu t ,  

produce t h e  requi red  c o n t r o l  s t a t emen t s  f o r  SSARR and/or HISARS, and t o  
con t ro l  t h e  subsequent processing. Although i t  i s  designed t o  permi t  
t he  ca sua l  u s e r  t o  use the  system wi th  minimal input  requirements ,  
CONTROL a l s o  pe rmi t s  a  s u b s t a n t i a l  p a r t  o f  t he  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 recognizes  t h e  fol lowing commands: 

S T R E A M F L O W / O ~ ~  /0p2 
R E S E R V O I R ~ O ~ I  /0p2 
DIVERSION/OPI /0p2 
R E T U R N / O ~ ~  /0p2 
T E S T / O ~ I  /0p2 
PERIOD ml/yyyl TO m2/yyy2 
HISARS. 

I N  add i t i on ,  SSARR and HISARS c o n t r o l  ca rds  a r e  accepted under c e r t a i n  
r e s t r i c t i o n s .  

The purpose of  t he  f i r s t  fou r  commands i s  t o  s p e c i f y  where synthe- 
t i c  strea.mflow records  a r e  requi red  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  po in t  is  t o  be located.  In  each case,  t he  f i r s t  operand spec i -  
f i e s  t he  sub-basin i n  which the  poin t  i s  loca ted ,  and t h e  second 
(opt iona l )  operand s p e c i f i e s  t he  watershed a rea  above the  point .  

The TEST command i s  used t o  compare s imula ted  and observed s t r e ~ m -  
f low records.  The s imula ted  record is  f o r  t h e  poin t  s p e c i f i e d  by t h e  
f i r s t  STREAMFLOW control. card. The f i r s t  operand s p e c i f i e s  t h e  U. S. - 
Geological Survey s t a t i o n  number f o r  t he  observed record,  and the second 
operand s p e c i f i e s  t he  watershed area.  

The PERIOD command l i m i t s  t he  period of record f o r  which s imu la t ion  
is  required.  l f  i t  i s  omi t ted ,  t he  s tandard  period used i n  c r e a t i n g  t h e  
permanent f i l e  is  used. 

The HISARS command s p e c i f i e s  t h a t  HISARS processing i s  des i red .  It 
must be followed by HISARS commands t o  s p e c i f y  the  processing requi red .  

SSARR c o n t r o l  cards  may be included i n  t he  input  deck, and a r e  
requi red  i n  some cases.  Reservoir ,  d ive r s ion  and r e t u r n  po in t  
c h a r a c t e r i s t i c s  must be entered on SSARR c o n t r o l  cards ,  and should be 
entered immediately fo l lowing  t h e  CONTROL command f o r  t h e  point.  A 
number of o p t i o n a l  f e a t u r e s  inc luding  the  SSARR output  f a c i l i t i e s  can 
a l s o  be obtained us ing  SSARR c o n t r o l  cards.  A f u l l  d e s c r i p t i o n  of t h e s e  
f a c i l i t i e s  can be found i n  t he  f i rs t  r epor t .  



What CONTROL does a s  a  consequence of c e r t a i n  commands being given 
depends on the  p a r t i c u l a r  c h a r a c t e r  of t he  commands. There a r e  t h r e e  
major sub-c lasses  i n  t he  processing:  

1 )  No SSARR processing i s  required.  This  w i l l  be t r u e  i f  only  
STREANFLOW, HISARS and op t iona l  PERIOD commands a r e  used, and i f  on t h e  
STREAMFLOW commands only  t h e  f i r s t  operand i s  spec i f i ed .  I n  t h i s  case ,  
t h e  requi red  simul-ated s t ream flow records  a r e  a l r eady  i n  t h e  permanent 
f i l e ,  and no s imula t ion  i s  requi red .  Control passes  d i r e c t l y  t o  HISARS. 

2) Streamflow s imula t ion  i s  requi red ,  but  no 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  spec i f ied .  This w i l l  be t r u e  i f  STREAMFLOW 
commands a r e  used, w i th  both operands s p e c i f i e d  on one o r  more commands, 
wi th  op t iona l  TEST, PER103 and HISARS commands. In  t h i s  case ,  s imula ted  
s t reamflow records  f o r  whole sub-basins  (second operand omi t ted)  a r e  
copied from the  permanent f i l e .  For p a r t i a l  sub-basins,  t h e r e  a r e  two 
a l t e r n a t i v e s .  I f  t h e  p a r t i a l  sub-bnsin i s  i n t e r n a l  t o  a  sub-basin, on ly  
the  watershed c h a r a c t e r i s t i c  and corresponding conf igu ra t ion  ca rds  must 
be created.  I f  the  p a r t i a l  sub-basin i s  along a  main channel,  t h e  
watershed and channel reach c h a r a c t e r i s t i c s  must be c r ea t ed ,  t he  
upstream po in t  must be i d e n t i f i e d ,  and conf igu ra t ion  cards  t o  rou te  t h e  
upstream flow t o  the  s p e c i f i e d  poin t  and add i n  t h e  l o c s l  in f low must be 
s p e c i f i e d .  

3) F u l l  s imu la t ion  i s  ~ e q u i r e d .  This w i l l  be t r u e  i f  r e s e r v o i r s ,  
d ive r s ions  o r  r e t u r n  po in t s  a r e  spec i f ied .  The p a r t i c u l a r  in format ion  
requi red  depends on t h e  s p e c i f i c a t i o n ,  but  i n  gene ra l ,  watershed, 
channel reach,  r e s e r v o i r  and d ive r s ion  c h a r a c t e r i s t i c s  w i l l  be required.  
Configurat ion ca rds  necessary t o  rou te  f lows  from r e s e r v o i r s ,  d ive r s ions  
and r e t u r n  po in t s  (assumed upstream) t o  s t ream flow p o i n t s  (assumed 
downstream) a r e  requi red ,  and the  p o s s i b i l i t y  of segments i n  two r i v e r  
bas ins  ( f o r  i n t e r -bas in  t r a n s f e r s )  included.  

CONTROL does not  permit  two o r  more s t reamflow,  r e s e r v o i r ,  
d ive r s ion  o r  r e t u r n  po in t s  w i th in  a  s i n g l e  sub-basin. In  ca ses  where 
t h i s  is  requi red ,  e i t h e r  t he  sub-basin must be subdivided o r  complete 
SSARR c o n t r o l  ca rds  can be given. 

CONTROL uses  four  permanent d a t a  s e t s  t o  o b t a i n  the  informat ion  
requi red  f o r  t he  above operat ions.  These d a t a  s e t s  convert  t he  e x t e r n a l  
sub-basin number given by t h e  u s e r  i n t o  the  i n t e r n a l  number used by 
SSARR and HISARS, supply the  complete watershed, channel reach and 
t r a n s f e r  po in t  c h a r a c t e r i s t i c s ,  and f u r n i s h  the  con f igu ra t ion  
information requi red  by SSARR. 



2.4. System Out l ine  - 
This  s e c t i o n  i s  presented f o r  t he  purpose of 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 the  va r ious  p a r t s  of t h e  system. The t e x t u a l  
ma te r i a l  i s  a l s o  i l l u s t r a t e d  i n  Figure 2.7. 

Processing s t a r t s  w i th  t h e  CONTROL program. This program uses  t h e  
system input  t o  determine what func t ions  a r e  t o  be performed: 

a)  i f  SSARR processing i s  requi red ,  a  SSARR c o n t r o l  d a t a  s e t  i s  
crea ted  us ing  the  system inpu t ,  a  card image da t a  s e t ,  and i n t e r n a l  
con t ro l  in format ion;  

b) i f  HISARS processing i s  requi red ,  a  HISARS c o n t r o l  da t a  s e t  and 
an index d a t a  s e t  a r e  c r ea t ed  us ing  the  system input  and i n t e r n a l  
con t ro l  in format ion;  

c)  f o r  SSARR processing,  t h e  permanent c h a r a c t e r i s t i c  f i l e  is  
copied t o  a  temporary da t a  s e t ,  This i s  necessary  because SSARR 
modif ies  t h e  c h a r a c t e r i s t i c  f i l e  during processing,  and such 
modi f ica t ions  cannot be permit ted t o  the  permanent f i l e .  

Processing may then  cont inue wi th  SSARR, HISARS o r  both,  o r  i t  may 
t e rmina te  immediately.  Both SSARR and HISARS a r e  l a r g e  programs, and i t  
was decided not  t o  t r e a t  them a s  sub-procedures w i th in  CONTROL. They 
a r e  i n s t e a d  t r e a t e d  a s  s epa ra t e  s t e p s  w i th in  a  job. Processing c o n t r o l  
i s  e s t a b l i s h e d  by s e t t i n g  the  r e t u r n  code (RC) wi th in  CONTROL. The 
va lue  of t h e  r e t u r n  code i s  then used a s  a  condi t ion  f o r  execut ing  o r  
bypassing l a t e r  s t eps .  

I f  t h e  r e t u r n  code i s  e i t h e r  0  o r  1 ,  t h e  SSARR s t e p  is executed. 
SSARR rece ives  a s  input  t he  c o n t r o l  da t a  s e t  (passed from CONTROL), t h e  
temporary c h a r a c t e r i s t i c  f i l e ,  r a i n f a l l  da t a  i f  requi red  f o r  bas in  
s imu la t ion ,  observed s treamflow d a t a  (used only f o r  t he  t e s t  op t ion) ,  
and the  permanent s imula ted  s t reamflow da ta  s e t .  The s imula ted  output  
i s  normally c r ea t ed  a s  a  temporary da t a  s e t ,  bu t  i t  may o p t i o n a l l y  be 
s to red  f o r  f u r t h e r  processing.  

I f  t h e  r e t u r n  code i s  e i t h e r  0 o r  2, t h e  HISARS s t e p  i s  executed. 
HISARS rece ives  a s  input  t he  con t ro l  da t a  s e t  and s t reamflow index f i l e  
(passed from CONTROL). I f  t he  r e t u r n  code i s  0, t h e  d a t a  s e t  used f o r  
s t reamflow d a t a  i npu t  is  the  s imulated output  da t a  s e t  (passed from 
SSARR). I f  t he  r e t u r n  code i s  2, t he  permanent s imula ted  s t reamflow 
da ta  s e t  is  used ins tead .  

The problems of main ta in ing  con t ro l  between job s t e p s ,  and of 
i d e n t i f i c a t i o n  of  temporary d a t a  s e t s  passed between s t e p s ,  a r e  s i g n i f i -  
cant.  Fea tu re s  of  t he  job con t ro l  language a r e  used t o  main ta in  t h i s  
control .  The requi red  job c o n t r o l  language s t a t emen t s  a r e  prepared i n  
the  form of a  procedure, and s to red  i n  a  procedure l i b ra ry .  
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2.5. Sub-basin Organizat ion - 
I n  NCSSARR, a  r i v e r  bas in  i s  divided i n t o  a  numbsr of r e l a t i v e l y  

homogeneous sub-basins. These sub-basins n e c e s s a r i l y  va ry  cons iderably  
i n  s i z e ,  t y p i c a l l y  from a few square m i l e s  t o  s e v e ~ a l  hundred square  
miles.  While t h e r e  would be advantages t o  s imu la t ion  accuracy i n  u s ing  
small  sub-basins ,  t h i s  must be balanced with increased computer c o s t s .  

There a r e  two bas i c  types of sub-basins: a)  watersheds of  t r i b u t a r y  
s t reams which reach a  major s t ream a t  t he  o u t l e t ;  b) l o c a l  a r e a s  which 
c o n t r i b u t e  more o r  l e s s  d i r e c t l y  t o  a  major stream. 

Locations w i t h i n  t r i b u t a r y  sub-basins a r e  def ined by t h e  watershed 
a rea  upstream of t he  point.  For l o c a t i o n s  along t h e  main t r i b u t a r y  t h i s  
may be a unique i d e n t i f i c a t i o n .  For s m a l l e r  a r e a s ,  t h e r e  may be a  
number of l o c a t i o n s  having the  same watershed area. Since t h e  sub-basin 
i s  assumed t o  be homogeneous, r e s u l t a n t  s t reamflows could be assumed t o  
be s i m i l a r  f o r  a l l  such loca t ions .  Where a  p a r t i c u l a r  watershed i s  
known t o  have c h a r a c t e r i s t i c s  f a r  d i f f e r e n t  from the  whole sub-basin, 
s p e c i a l  a c t i o n  may be taken. 

Locat ions i n  l o c a l  a r e a s  a r e  a l s o  defined by t h e  watershed area.  
When a sma l l  a r ea  i s  requi red ,  the  s i t u a t i o n  is  analogous t o  t h e  
t r i b u t a r y  area.  Po in t s  a long t h e  main s t ream i t s e l f  a r e  a l s o  w i t h i n  the  
l o c a l  a r eas ,  bu t  t h e i r  wa-tershed a r e a s  a r e  much l a r g e r  than t h e  a r e a  o f  
t he  conta in ing  sub-basin and they  a r e  def ined uniquely. 

There a r e  a d d i t i o n a l  po in t s  a t  boundaries of sub-basins and connec- 
t i o n s  w i t h  t r i b u t a r i e s  which i t  i s  convenient t o  l o c a t e  s p e c i f i c a l l y ,  
These po in t s  a r e  r e f e r r e d  t o  a s  summing points .  No watershed a r e a  need 
be s p e c i f i e d  f o r  these  loca t ions .  

Any poin t  can be loca ted  by i t s  conta in ing  sub-basin and watershed 
a r e a ,  and t h i s  i s  t h e  l o c a t i o n  i d e n t i f i c a t i o n  system used by NCSSARR. 
It does d e f i n e  po in t s  uniquely along major s t reams a s  w e l l  a s  on 
downstream reaches of t r i b u t a r i e s .  The d i s t i n c t i o n  between o t h e r  p o i n t s  
i s  of ten  unimportant ,  and can be handled a s  a  s p e c i a l  case when 
required. Severa l  examples of s p e c i a l  cases  a r e  given i n  t he  t e s t  
r e s u l t s  . 

The des igna t ion  system f o r  sub-basins i s  r e l a t i v e l y  f r ee .  Methods 
f o r  l ay ing  out  sub-basins and naming them a r e  descr ibed i n  t he  f i r s t  
repor t .  NCSSARR does however r equ i r e  r i g i d i t y  i n  i t s  opera t ions ,  and an 
i n t e r n a l  numbering system is  a l s o  used. For most a c t i v i t i e s  t h e  u s e r  
w i l l  no t  need t o  use the  i n t e r n a l  numbers, bu t  they  a r e  required f o r  
f i l e  c r e a t i o n  and some app l i ca t ions .  



2.6. Basin Simulat ion -- 
Simula t ion  of  s t reamflow i n  a  r i v e r  bas in  w i l l  u s u a l l y  proceed i n  a  

s e r i e s  of s teps .  For bas ins  of any s i z e ,  t hese  w i l l  u s u a l l y  be organ- 
ized  a s  s epa ra t e  jobs. 

1 )  S imula t ion  is  i n i t i a t e d  by a  job which c r e a t e s  t h e  SSARR 
c h a r a c t e r i s t i c  f i l e  and s i m u l a t e s  s t reamflow from one sub-basin. The 
job inpu t  must conta in  a l l  t a b u l a r  (CT) r e l a t i o n s  requi red  by SSARR, t h e  
s t a t i o n  l o c a t i o n  (CP) ca rds  used t o  i d e n t i f y  t h e  HISARS i d e n t i f i c a t i o n  
codes, and the  s e t s  of  s t a t i o n  c h a r a c t e r i s t i c  (CB) c a r d s  t h a t  provide 
the  sub-basin parameters.  

2) The sub-basin s imu la t ion  is  then extended t o  t he  remainder of  
t h e  sub-basins. It has  been found convenient t o  use groups o f  8-12 
sub-basins  i n  a  job, a l though t h i s  should depend on the  a c t u a l  computer 
t ime required. The sub-basins must be ordered i n  i nc reas ing  numeric 
o rde r  (u s ing  the  i n t e r n a l  codes).  

3) S imula t ion  of t h e  r i v e r  bas in  model then proceeds wi th  the  
summing po in t s ,  reaches and r e se rvo i r s .  This  r e q u i r e s  f o r  each po in t  
t he  a s soc i a t ed  c h a r a c t e r i s t i c  cards ,  CC ca rds  f o r  summing po in t s ,  CR 
ca rds  t o  provide rou t ing  parameters  f o r  reaches,  and CL ca rds  t o  provide 
s to rage  and rou t ing  parameters  f o r  r e se rvo i r s .  Configurat ion (P) c a r d s  
a r e  a l s o  required t o  d e f i n e  the  organiza t ion  of f low i n  t h e  basin.  This  
s imu la t ion  must a l s o  proceed i n  s t r i c t l y  i nc reas ing  numeric sequence. 
I n  add i t i on ,  because i t  w i l l  u s u a l l y  be necessary  t o  break it up i n t o  a 
s e r i e s  of jobs,  breaks must be c a r e f u l l y  s e l ec t ed  so t h a t  a l l  i n p u t s  t o  
every s t a t i o n  a r e  contained wi th in  o r  preceding t h e  job. 

4) A s  a f i n a l  job s t e p ,  t h e  bas in  c h a r a c t e r i s t i c  f i l e  must be 
de le ted .  The reason f o r  t h i s  i s  t h a t  SSARR w i l l  s imu la t e  s t reamflow i n  
a  sub-basin i f  i t  can f i n d  the  a s soc i a t ed  CB cards.  NCSSARR gene ra t e s  
CB cards  i f  requi red  f o r  sub-basin s imu la t ion ,  and o therwise  uses  t h e  
s tored  d a t a  f o r  t he  watershed. 

Examples of bas in  s imula t ion  a r e  given i n  t he  appendices.  

2.7. Stored F i l e s  - 
It was recognized t h a t  f o r  most p r a c t i c a l  uses ,  many of  t h e  sub- 

bas in  f lows  could be used repea ted ly  without  having t o  be s imula ted  each 
time. It was decided,  t he re fo re ,  t o  s t o r e  s t reamflows a t  o u t l e t s  of  
sub-basins and summing po in t s ,  and t o  use these  whenever possible .  Use 
of s to red  f i l e s  n e c e s s a r i l y  l i m i t s  some of t he  f l e x i b i l i t y  poss ib l e  w i th  
SSARR (al though NCSSARR pe rmi t s  f u l l  use of SSARR fea tu re s ) .  Data t ime 
per iods  must be f ixed ,  and t h e  s imu la t ion  must be done f o r  a  common 
period of record.  



The form 
used is d a i l y  
f i l e s  t o  t h i s  

i n  which observed s treamflow i s  most widely a v a i l a b l e  and 
average s t reamflow, so i t  was decided t o  l i m i t  s t o r e d  
form. 

It was a l s o  decided t o  l i m i t  t he  per iod of record t o  25 years .  
This is n e c e s s a r i l y  a  compromise between s i z e  of  s to rage  requirement  and 
hydrologic  u t i l i t y .  Because the  most r a i n f a l l  records  were a v a i l a b l e  
s t a r t i n g  i n  l a t e  1948, records  were s imula ted  f o r  t h e  period 1449-1973. 
Extension of  t he  period of record is  poss ib l e  a s  more r a i n f a l l  records  
become a v a i l a b l e .  



PARAMETER FITTING 

A number o f  p a r a m e t e r s  o r  r e l a t i o n s  used by t h e  SSARR wate r shed  
model must be  f i t t e d  f o r  i n d i v i d u a l  bas ins .  Th i s  i m p l i e s  t h a t  c r i t e r i a  
a r e  a v a i l a b l e  by which goodness o f  f i t  can be judged. I n  t h i s  c h a p t e r ,  
t h e  f i t t i n g  c r i t e r i a  and p a r a m e t e r s  a r e  d e s c r i b e d ,  and t h e  e f f e c t s  o f  
modifying paramete rs  on t h e  c r i t e r i a  a r e  d i s c u s s e d .  

The g o a l  o f  t h e  f i t t i n g  p r o c e s s  was t o  o b t a i n  a  g e n e r a l  purpose 
s i m u l a t i o n .  The mean f l o w  should a lways  be matched. Low f l o w  v a l u e s  
should be i n  r e a s o n a b l e  agreement.  High f l o w  v a l u e s  a r e  assumed o f  l e s s  
impor tance ,  b u t  t h e  maximum d a i l y  f l o w  should agree .  Other  p a t t e r n s  
t h a t  should  a g r e e  a r e  t h e  monthly  f l o w  d i s t r i b u t i o n  and t h e  f l o w  
d u r a t i o n  curve. Trying t o  f i t  a l l  t h e s e  r e l a t i o n s  n e c e s s a r i l y  enta i1 .s  
compromise, and r e s u l t s  f o r  more s p e c i f i c  purposes  cou ld  be expected t o  
be  more s a t i s f a c t o r y .  

3.1. F i t t i n g  C r i t e r i a  - 
C e r t a i n  s t a t i s t i c s  o f  t h e  monthly t o t a l s  were obta ined.  The 

f o l l o w i n g  were used i n  a  compara t ive  s t u d y  by t h e  World M e t e o r o l o g i c a l  
O r g a n i z a t i o n  (1 975): 

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

2 1 2  rc(s-o) , 
' n '  Y = , 

8 
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 = 
c t s-0) 

9 

nB 

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

A = 
21s-oL 

9 

n  i? 
where S is  t h e  s imula ted  monthly f low,  

0  i s  t h e  observed monthly f low,  
6 is t h e  average  observed monthly f low,  and 
n  i s  t h e  number o f  months. 
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The c o r r e l a t i o n  c o e f f i c i e n t  was a l s o  c a l c u l a t e d :  

C' 5 
c Cs! (0)  

[ ( c s ~ )  ( c 0 2 ? ] ~ 2  

Since i t  i s  reasonable t o  argue t h a t  a high c o r r e l a t i o n  c o e f f i c i e n t  
about a  l i n e  of b e s t  f i t  does not  t e l l  much about t he  u t i l i t y  o f  t he  
model u n l e s s  t h e  l i n e  passes  through the  o r i g i n  and has a  s lope  o f  1 
(observed = s imula ted) ,  a  second c o r r e l a t i o n  c o e f f i c i e n t  was used: 

This is 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  f o r  t he  l i n e  S=O. It can never  be 
g r e a t e r  than C', and may be cons iderably  l e s s  i f  the  s imu la t ion  is  badly  
biased. In  f a c t ,  if t h e r e  i s  a  nega t ive  c o r r e l a t i o n ,  t he  term in t h e  
numerator w i l l  be g r e a t e r  than t h e  term i n  the  denominator and the  
r e s u l t  w i l l  be undefined. Severa l  examples of t h i s  w i l l  be found i n  t h e  
r e s u l t s .  

HISARS produces an output  p l o t  of cumulat ive frequency of occurr -  
ence of  d a i l y  s t reamflow, analogous t o  a  f low dura t ion  curve. The 
fo l lowing  s t a t i s t i c  was used t o  measure the  d i f f e r e n c e  between f low 
dura t ion  curves f o r  simulated and observed da t a :  

D = msx IFs-FoI , 

where Fs is  t h e  cumulative frequency of s imulated d a i l y  f lows,  and 
Fo i s  t h e  cumulative frequency of observed d a i l y  f lows,  

This  s t a t i s t i c  is  analogous t o  the  Kolmogorov-Smirnov t e s t  s t a t i s t i c ,  
bu t  i t  cannot be used f o r  t e s t i n g  because the  d a i l y  f low v ~ l u e s  are 
h igh ly  c o r r e l a t e d .  

These 6 s t a t i s t i c s  a r e  i d e n t i f i e d  a s  s tandard s t a t i s t i c s ,  and have 
been evaluated f o r  each of t he  watersheds t e s t e d .  

I n  a d d i t i o n  t o  t he  above s t a t i s t i c s ,  s t a t i s t i c s  of t he  monthly d i s -  
t r i b u t i o n  of flow, and flow extremes, were ca l cu la t ed :  

a! The percentage of annual flow occurr ing  during each month w ~ s  
obtained. The va lues  f o r  t he  observed da t a  a r e  t abu la t ed ,  and t h e  
dev ia t ions  from these  va lues  f o r  the  simulated da t a  a r e  t s b u l a t e d ;  

b) The logar i thms of t he  h ighes t  and lowes t  f lows  f o r  each y e a r  f o r  
per iods of 1 ,  7, 30, 60 and 90 days were obtained,  and t h e  mean of t he  
logar i thms converted back t o  a  f low value i s  tabulated.  This  co r r e s -  
ponds t o  a  recur rence  i n t e r v a l  of  approxima.te1y 2 years .  A 10 y e a r  
recurrence i n t e r v a l  i s  commonly used, bu t  many of t he  da t a  s e t s  used 
were too s h o r t  t o  o b t a i n  r e l i a b l e  e s t i m a t e s  of t h i s  s t a t i s t i c .  



3.2. Model Parameters -- 
A number of parameters are required for each sub-basin. These can 

be divided conveniently between fixed characteristics, parameters that 
must be estimated, and parameters that are assumed to be constant. 

Values of the following fixed characteristics are required: 

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

Tables or values of the following parameters must be estimated: 

a) Soil moisture index (SMI) vs runoff percent (ROP) table; 
b) Baseflow infiltration index (BTI) vs percent of runoff to 

baseflow (BFP) table; 
c) Evapotranspiration index (ETI) table; 
d) Weights for each climatological station; 
e) Base flow time of storage, hours; 
f) Subsurface time of storage, hours; 
g) Surface time of storage, hours; 

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

a) Rase flow infiltration index time of storage (TSBIT), hours - 
taken as 100 hours; 

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

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

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

h) Number of base flow routing phases - taken as one; 
i) Number of subsurface routing phases - taken as two; 
j) Number of surface routing phases - taken as two in the Coastal 

Plein, four in the Piedmont and mountains. 

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

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

b) Outflow vs surface time of storage table (constant surface time 
of storage used). 
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The t a b l e s  f o r  t he  evapo t r ansp i r a t ion  index (FTI) a r e  va lues  of  ETI 
f o r  each month. I f  t he  assumption i s  made t h a t  t h e  va lue  of ETI depends 
only on evapo t r ansp i r a t ion  (and not  on deep seepage),  i t  would be ex- 
pected t h a t  one t a b l e  should apply f o r  s e v e r a l  sub-basins i n  t he  same 
genera l  region. Therefore,  s e v e r a l  t a b l e s  were prepared,  one group o f  
t a b l e s  each f o r  t h e  mountains, Piedmont and Coastal  P l a in ,  and t a b l e s  
w i th in  each group wi th  decreas ing  va lues  moving from south  t o  north.  
These va lues  r e f l e c t e d  t o  a  sma l l  ex t en t  p re l imina ry  t e s t s  of  t h e  model, 
but  were more g e n e r a l l y  obtained from e s t i m a t e s  of  p o t e n t i a l  evapo- 
t r a n s p i r a t i o n  obtained from o t h e r  sources*  

Tables  of t he  s o i l  mois ture  index (SPIT) v s  runoff  percent  (ROP) and 
of t h e  basef low i n f i l t r a t i o n  index (BIT) vs  percent  of runoff  t o  
baseflow (BFP) were more troubl.esome. These va lues  should be expected 
t o  vary from sub-basin t o  sub-basin, presumably i n  a  c o n s i s t e n t  manner. 
The p re l imina ry  approximation used i n  the  f i r s t  r epo r t  o f  us ing  one 
t a b l e  f o r  a l l  Coastal  P l a i n  sub-basins,  and another  f o r  t h e  Piedmont and 
mountains was c l e a r l y  u n s a t i s f a c t o r y ,  and the  a l t e r n a t i v e  of having a  
s epa ra t e  t a b l e  f o r  each sub-basin became unwie1d.y. 

It was decided, t h e r e f o r e ,  t o  compromise wi th  t h e  SSARR format  and 
put  va lues  of t he  parameters  i n  a  s i m p l i f i e d  t a b u l a r  format  on t h e  
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  s t a t i o n ,  D e t a i l s  of t he  format  changes a r e  
given i n  Appendix K. E s s e n t i a l l y ,  runoff  percent  va lues  a r e  t abu la t ed  
f o r  s o i l  mois ture  index va lues  of  0, 2 and 7 inches and f o r  r a i n f a l l  
i n t e n s i t y  va lues  of  0, I ,  and 5 inches per  day. The r e l a t i o n s h i p  
between basef low i n f i l t r a t i o n  index and baseflow percentage is  assumed 
t o  t ake  a  c e r t a i n  shape, wi th  a c t u a l  va lues  def ined a t  baseflow i n f i l -  
t r a t i o n  index va lues  of  0 and 999 inches.  Although these  s i m p l i f i c a -  
t i o n s  n e c e s s a r i l y  reduce some of t he  f l e x i b i l i t y  of SSARR, they  were 
probably requi red  i n  t he  f a c e  of t he  number of sub-basins being f i t t e d .  

Values of a l l  t he  parameters  f o r  each sub-basin a r e  giveri i n  t h e  
Appendices. Complete t a b l e s  which were repeated f o r  a l l  ba s ins ,  
inc luding  the  ETI t a b l e s  and the  KE and S-SS t a b l e s ,  a r e  given only i n  
Appendix I). I n  f i t t i n g  watershed da t a ,  i t  was sometimes necessary  t o  
make l o c a l  modi f ica t ions  t o  t he  parameters.  When t h i s  was done, t h e  
mod-ified parameters  a r e  l i s t e d  a t  t he  end of t he  t e s t  s t a t i s t i c s ,  and 
the  reasons f o r  making t h e  modi f ica t ions  a r e  discussed i n  t h e  chap te r  on 
r e s u l t s .  

3.3. E f f e c t  of Parameter Nodi f ica t ion  on P i t t i n g  C r i t e r i a  - - - 
The average f low i s  con t ro l l ed  p r i m a r i l y  by t h r e e  parameters:  t h e  

weights  used f o r  t he  c l i m a t o l o g i c a l  s t a t i o n s ;  t h e  ETI va lues ;  and t h e  
r e l a t i o n  between s o i l  moisture index and runoff  percentage. 



In  a  reg ion  wi th  homogeneous p r e c i p i t a t i o n ,  i t  would be expected 
t h a t  t h e  measurements a t  any raingage should be r e p r e s e n t a t i v e  of t h e  
sub-basin and t h e  weight used f o r  the  s t a t i o n  should be 1007. I f  sev- 
e r a l  gages e x i s t  i n  t he  bas in ,  the  average weight f o r  a l l  t h e  gages 
should be loo$, even i f  t he  i nd jv idua l  weights  vary  wi th  the  coverage 
assigned t o  each gage. On t h e  o the r  hand, i f  p r e c i p i t a t i o n  is known t o  
be non-homogeneous a s  i n  mountainous watersheds,  weights  might be ex- 
pected t o  vary. If f o r  example the  only gage i n  a  watershed i s  i n  t h e  
v a l l e y ,  and p r e c i p i t a t i o n  i n  t he  mountains a s  known t o  be h igher ,  t h e  
weight f o r  t h e  gage should be g r e a t e r  than  100?. Since t h e r e  i s  not  any 
very good way t o  decide on the  weight i n  t h i s  ca se ,  i t  seems l o g i c a l  t o  
use t h e  mean flow t o  a d j u s t  t he  weight. In  t h i s  s tudy,  t h i s  i s  t h e  only  
circumstance i n  which the  weight was used t o  a d j u s t  t he  mean flow. 

The evapo t r ansp i r a t ion  (ETJ) values  w i l l  a l s o  a f f e c t  t h e  mean f low,  
s i n c e  increased  evapot ranspi ra t ion  must be a t  the  expense of streamflow. 
The r e l a t i o n  between the  two i s  not  d i r e c t ,  however, p a r t i c u l a r l y  dur ing  
summer months. It w i l l  be r eca l l ed  t h a t  t he  runoff  percentage d e t e r -  
mines the  amount of  runoff ,  a f f e c t e d  only by the  s o i l  moisture index. 
The evapo t r ansp i r a t ion  index can a f f e c t  runoff on ly  by reducing t h e  s o i l  
moisture index. I f  dur ing  the  summer the  s o i l  moisture index i s  a l r e a d y  
reduced t o  zero,  increased  RTT va lues  during t h a t  per iod w i l l  have 
l i t t l e  i f  any e f f e c t  on runoff. During the  l a t e  w in te r  and e a r l y  
sp r ing ,  t h e  s o i l  mois ture  index i s  so high t h a t  modified E T I  va lues  w i l l  
have l i t t l e  immediate e f f e c t ,  but  t he  e f f e c t  may be apparent s e v e r a l  
months l a t e r .  Since a l l  t he se  r e l a t i o n s  a r e  compounded wi th  t h e  runoff 
percentage r e l a t i o n ,  i t  was decided t o  base the  ETI va lues  on a  p r i o r i  
r e l a t i o n s ,  f o r  example the  va lues  of  p o t e n t i a l  evapot ranspi ra t ion  given 
by van Bavel and Verlinden (1956). 

The mean flow va lues  were t h e r e f o r e  con t ro l l ed  p r i m a r i l y  by t h e  
r e l a t i o n  between t h e  s o i l  moisture index and the  runoff percent.  It 
should be noted t h a t  t h i s  i s  a c t u a l l y  a  three-way t a b u l a r  r e l a t i o n ,  i n  
which the  r a i n f a l l  i n t e n s i t y  a l s o  has an e f f e c t  on the  runoff  percent.  
However, s i n c e  i n  t h i s  s tudy  only d a i l y  va lues  of p r e c i p i t a t i o n  and 
runoff  a r e  eva lua ted ,  t he  r a i n f a l l  i n t e n s i t y  e f f e c t  on runoff  percentage 
i s  seen only  i n  a g ros s  way, and t he  r e s u l t s  cannot be ex t rapola ted  t o  
shor t -per iod  r a i n f a l l  events.  

Unfortunately,  t he  r e l a t i o n  between the  runoff  percentage va lues  
and t h e  mean f low i s  not  d i r e c t .  While a  reduct ion  i n  runoff  percentage 
reduces flow immediately,  i t  a l s o  inc reases  the  s o i l  mois ture  index 
which w i l l  cause increased runoff  dur ing  succeeding events.  The i n -  
creased va lues  of t he  s o i l  mois ture  index even tua l ly  r e s u l t  i n  increased 
ETI l o s s e s ,  bu t  i t  may be a  whole season before  previous condi t ions  a r e  
res tored .  Decreasing the  runoff  percentage dur ing  the  win te r  (by reduc- 
i ng  the  ROP va lues  a s soc i a t ed  wi th  high SRI va lues)  w i l l  g ene ra l ly  
r e s u l t  i n  h igher  f lows  during sp r ing  an? summer months, even though t h e  



f i n a l  t o t a l  may be reduced. 

It may a l s o  be noted i n  t h i s  connection t h a t ,  a l though t h e  s o i l  
moisture index would be considered t o  be the  independent v a r i a b l e  i n  t h e  
r e l a t i o n ,  i t  i s  a f f e c t e d  by the  va lues  of the  runoff  percentage. I f  t h e  
values of t he  runoff percentage assoc ia ted  wi th  high s o i l  mois ture  index 
values a r e  r e l a t i v e l y  low, t h e  s o i l  mois ture  index value w i l l  cont inue 
t o  i nc rease  t o  l a r g e  va lues  of 10 inches o r  more, and i t  may t ake  most 
of t he  summer before  t h i s  i s  deple ted  by evapot ranspi ra t ion .  On t h e  
o the r  hand, i f  t h e  va lues  of t he  runoff  percentage a r e  very high,  a s  i n  
some s t e e p  mountain watersheds wi th  va lues  of 805 f o r  a  s o i l  mois ture  
index of on ly  two inches,  t h e  maximum value  of t he  s o i l  mois ture  index 
may never exceed two inches,  an amount t h a t  w i l l  be deple ted  i n  t he  
spr ing .  

The monthly d i s t r i b u t i o n  of f low i s  con t ro l l ed  p r i m a r i l y  by t h e  
runoff percentage r e l a t i o n ,  but  i t  is  a f f e c t e d  a l s o  by the  base f low 
percentage r e l a t i o n  and base flow t ime of s torage.  A s  i nd i ca t ed  above, 
t he  magnitude of  t he  runoff percentage c o n t r o l s  t h e  mean f low,  bu t  
varying t h e  va lues  a s  they  r e l a t e  t o  the  s o i l  moisture index w i l l  modify 
the  monthly d i s t r i b u t i o n .  Increas ing  percentages f o r  a  low s o i l  mois- 
t u r e  index w i l l  i nc rease  summer runoff.  Increas ing  percentages f o r  a  
high s o i l  mois ture  index w i l l  i nc rease  win te r  runoff and decrease s p r i n g  
runoff ,  whi le  decreas ing  percentages f o r  the  high s o i l  moisture index 
w i l l  decrease win te r  runoff and inc rease  s p r i n g  and summer runoff.  
Increas ing  t h e  base f low percentage w i l l  reduce f low immediately fo l low-  
ing  a  p r e c i p i t a t i o n  event and s t r e t c h  i t  out  over an extended period o f  
time. Most of  t h i s  e f f e c t  i s  t o  reduce win te r  runoff and inc rease  
sp r ing  and summer runoff.  The magnitude of t he  e f f e c t  i n  t he  sp r ing ,  
and the  ex t en t  t o  which i t  i s  c a r r i e d  i n t o  the  summer i s  c o n t r o l l e d  by 
the  base f low t ime of s torage.  

Low f low va lues  a r e  con t ro l l ed  by the  baseflow percentage and the  
base flow t ime of s torage.  Since s h o r t  low f low events  occur  p r i m a r i l y  
i n  t he  f a l l ,  a f t e r  any carryover  from the  win te r  is  probably gone, t hey  
a r e  con t ro l l ed  p r i m a r i l y  by t h e  baseflow percentage. Long low flow 
events  a r e  a f f e c t e d  by car ryover  from the  win te r  a s  we l l  a s  summer 
events ,  so they  a r e  a f f e c t e d  by baseflow percentage,  base f low t ime o f  
s to rage  and runoff percentage. In  genera l ,  t h e  f i t  of t he  90 day mean 
low flow w i l l  correspond wi th  the  f i t  of t h e  monthly d i s t r i b u t i o n  dur ing  
the  summer and f a l l ,  and the  f i t  of t he  90 day mean high f low w i l l  
correspond wi th  t h e  f i t  of t he  monthly d i s t r i b u t i o n  during t h e  winter .  

Af te r  working t o  a  cons iderable  ex t en t  wi th  the  low f low s t a t i s -  
t i c s ,  i t  was noted t h a t  even though these  s t a t i s t i c s  were being matched 
favorably,  t he  f low dura t ion  curve (measured by the  s t a t i s t i c  D) was 
t o t a l l y  unsa t i s f ac to ry .  Fur ther  a n a l y s i s  showed t h a t  t h e r e  was a  
problem wi th  the  way i n  which the  base f low t i m e  of s to rage  was being 



used. I n  t he  f i r s t  r e p o r t ,  va lues  of t h i s  parameter  were taken a s  2000 
hours i n  t h e  Piedmont and mountains, and 3000 hours i n  t h e  Coas ta l  
Plain.  Detai led s t u d i e s  under t h i s  p r o j e c t  i nd ica t ed  t h a t  t he  va lue  of  
2000 hours was about r i g h t  f o r  xountain watersheds,  so i t  was decided t o  
i nc rease  i t  t o  2500 hours  f o r  t he  Piedmont and t o  3000 hours  f o r  t h e  
Coastal  P l a in ,  t he  l o g i c  being t h a t  a s  g r a d i e n t s  decrease,  t he  l eng th  o f  
time f o r  flow t o  reach the  o u t l e t  must i nc rease .  

Comparison of t he  flow dura t ion  curves f o r  s e v e r a l  watersheds i n  
t h e  Coastal  P l a i n  showed t h a t  the  d a t a  ind ica ted  much h igher  p robab i l i -  
t i e s  of very small va lues  than were being s imula ted ,  even though t h e  
p r o b a b i l i t y  of t h e  s m a l l e s t  va lues ,  corresponding t o  t he  f low extremes,  
was being matched. These r e s u l t s  i nd ica t ed  t h a t  t h e  base f low i n  t h e s e  
watersheds was ex t remely  I ow, much lower than any reasonable e s t i m a t e s  
of t he  baseflow percentage would imply. The conclusion drawn from t h i s  
is t h a t  i n  t he  Coastal  P l a i n  a  very  smal l  a r ea  immediately ad j acen t  t o  
t h e  s t ream c o n t r i b u t e s  e s s e n t i a l l y  a l l  t h e  base f low,  f low from d i s t -  
ances more than perhaps 100 meters  from the  channel being too slow t o  
have any e f f e c t  on the  streamflow. Since most of t he  flow from t h i s  
s m a l l  a r ea  w i l l  be r e l a t i v e l y  r ap id ,  base f low s t o r a g e  t imes  on t h e  
o rde r  of  200-500 hours may be appropriate .  Storage t imes  on the  o r d e r  
of 700-1 500 hours  were used f o r  Piedmont watersheds. Local condi t ions ,  
channel iza t ion  and ex tens ive  drainage p r o j e c t s ,  could be expected t o  
have a  s i g n i f i c a n t  e f f e c t  on these  va lues ,  and examples a r e  discussed i n  
t he  r e s u l t s .  

High f lows  f o r  s h o r t  t ime per iods  a r e  con t ro l l ed  by the  s u r f a c e  and 
subsurface t ime of s to rage ,  a s  we l l  a s  the  surface-subsurface component 
r e l a t i o n .  Since a l l  the  data  being processed were d a i l y  va lues ,  i t  was 
found imposs ib le  t o  s epa ra t e  t hese  f ac to r s .  In  t he  f i r s t  r e p o r t ,  some 
genera l ized  r e l a t i o n s  were used t o  r e l a t e  t he  dra inage  a rea  t o  the  t imes  
of s torage.  In  t h i s  s tudy,  i t  was noted t h a t  t h e  e f f e c t  of  dra inage  
a r e a  i n  l o c a l  a r e a s  along major s t reams should be much l e s s ,  so  t h e  
drainage a r e a  of t h e  longes t  equiva len t  t r i b u t a r y  was used in s t ead ,  
Also, the  s p e c i f i c  r e l a t i o n  was modified by f i t t i n g  the  one day mem 
high f low whenever poss ib l e  and gene ra l i z ing  the  r e s u l t  t o  t h e  surround- 
i ng  area. Since t h e  90 day mean high f low was being f i t t e d  a s  a  r e s u l t  
of t h e  f i t  of t h e  monthly d i s t r i b u t i o n  during t h e  win ter ,  t he  range o f  
du ra t ions  f o r  t h e  mean high flows were f a i s l y  well  covered. 

To summarize, parameter e s t ima te s  a r e  obtained as  fol lows:  

a)  S o i l  mois ture  index (SMI) v s  runoff  percent  (ROP) t a b l e  - The 
genera l  l e v e l  of t h i s  t a b l e  i s  obtained from t h e  mean flow. The 
r e l a t i v e  magnitude of va lues  of  runoff  percent  is  h igher  a t  high SMI 
va lues  than  a t  low va lues ,  t he  r e l a t i v e  d i f f e r e n c e  being obtained from 
the  monthly f low d i s t r i b u t i o n .  The e f f e c t  of r a i n f a l l  i n t e n s i t y  i s  
obtained from flood va lues ,  and from months with very  heavy r a i n f a l l .  



b) Baseflow i n f i l t r a t i o n  index (BII) vs  percent  of runoff  t o  
baseflow (BFP) t a b l e  - The va lue  of BFP a t  low B I I  va lues  i s  obtained 
from 1 and 7 day mean low f low s t a t i s t i c s ,  a l though t h e r e  i s  an i n t e r -  
a c t i o n  wi th  base f low t ime of s torage.  The va lue  of BFP a t  a  high BI I  
value i s  obtained from the  one day mean high f low s t a t i s t i c  ( s ince  a  
high va lue  reduces f lows  dur ing  peak periods).  

c)  Evapot ranspi ra t ion  index (ETI) t a b l e  - Values a r e  obtained f o r  
p o t e n t i a l  evapo t r ansp i r a t ion  from o t h e r  sources.  

d) Weights f o r  each c l i m a t o l o g i c a l  s t a t i o n  - When s t a t i o n s  can be 
assumed t o  be r e p r e s e n t a t i v e  of  t he  sub-basin, t h e  weights  should ave- 
rage 1008, i n d i v i d u a l  weights  being s e l e c t e d  t o  r e f l e c t  the  r e l a t i v e  
importance of t h e  r e spec t ive  gage. I f  t he  weights  a r e  not expected t o  
be r e p r e s e n t a t i v e ,  they  may be obtained from the  mean flow. 

e)  Base f low t ime of s to rage ,  hours  - The va lue  may be obtained 
from the  flow dura t ion  curve and the  1 and 7 day mean low f low 
s t a t i s t i c s .  There a r e  i n t e r a c t i o n s  wi th  t h e  baseflow percentage values.  

f )  Subsurface t ime of s to rage ,  hours - The va lue  may be obtained 
from the  one day mean high flow. It should be l a r g e r  than t h e  s u r f a c e  
time of s to rage .  

g) Surface  t ime of s to rage ,  hours - The va lue  may be obtained from 
the  one day mean high flow, a s  with the  subsurface time of s to rage .  



RESULTS 

The s imu la t ion  model was f i t t e d  t o  records  from every streamgage i n  
t he  bas ins  under s tudy,  f o r  whatever period of record was a v a i l a b l e  dur- 
i n g  the  s tudy  period 1949-1973. It was assumed t h a t  a t  l e a s t  5 y e a r s  of 
record should be a v a i l a b l e ,  but  s i n c e  a few gages wi th  s h o r t e r  records  
represented a reas  f o r  which d a t a  were not  o the rwi se  a v a i l a b l e ,  t hey  were 
a l s o  included.  

When a  streamgage was loca t ed  i n s i d e  o r  a t  the  end of a  sub-basin, 
sub-basin parameters  could be f i t t e d  d i r e c t l y  t o  t he  observed record. 
However, when a  gage was f o r  a  l o c a t i o n  on a  main s t ream,  parameters  i n  
s eve ra l  sub-basins had t o  be ad jus ted  while  f i t t i n g  the  observed record. 

4.1 . In t roduc t ion  
7 

Detai led r e s u l t s  a r e  given i n  t he  Appendices by r i v e r  basin.  For 
each bas in  t h e r e  a r e  t h r e e  t a b l e s  given: 

1 )  a t a b l e  o f  t h e  f i t t i n g  s t a t i s t i c s  D, R ,  A ,  Y, C and C '  d e s c r i b e d  
i n  Chapter 4; 

3) a  t a b l e  of t he  percentage of annual f low observed f o r  each 
month, and t h e  dev ia t ion  of the  s imula ted  from t h e  observed value;  

3) a t a b l e  of t h e  mean maximum and minimum f lows  f o r  du ra t ions  of  
1 ,7 ,30 ,60  and 90 days. 

A l l  of t hese  r e s u l t s  were used i n  t he  f i t t i n g  process ,  so  t h a t  none 
a r e  a v a i l a b l e  f o r  independent t e s t i n g  of the  procedure. The purpose o f  
t he  p r o j e c t ,  however, was t o  develop a  s e t  of usable  da t a ,  and the  b e s t  
s e t  o f  da t a  could be obtained by f i t t i n g  t o  t h e  most poss ib l e  observa- 
t ions .  D i f f e ren t  r e s u l t s  were f i t t e d  t o  a  g r e a t e r  o r  l e s s  e x t e n t ,  
depending on what seemed t o  be the  r e l a t i v e  importance o f  t h e  s p e c i f i c  
measure. Of the  s tandard  s t a t i s t i c s ,  on ly  t h r e e  were used i n  t he  
f i t t i n g  process  - R, C and D. Because t o t a l  flow should be requi red  t o  
match reasonably,  t h e  magnitude of R va lues  was kept l e s s  than 0.05, and 
a s  c lo se  t o  0  a s  p r a c t i c a l .  D va lues  were kept  small  and C va lues  l a r g e  
s u b j e c t  t o  reasonable f i t s  i n  t he  monthly d i s t r i b u t i o n  and low f low 
va lues ,  bu t  a  number of t r i a l s  w i th  l a r g e r  va lues  of C were d iscarded  
because of poor low flow f i t t i n g .  

I n  us ing  a l l  f low measurements f o r  f i t t i n g ,  one i s  exposed t o  t he  
problem of a r t i f i c i a l  modi f ica t ion  of n a t u r a l  f low by r egu la t ion ,  d ive r -  
s i o n  'and r e t u r n  flow. T t  was o r i g i n a l i y  intended t o  s imu la t e  t he  opera- 
t i o n  of r e s e r v o i r s ,  d ive r s ions  and r e t u r n  f lows ,  bu t  some p re l imina ry  



s tudy  showed t h a t  i n  many c a s e s  no r a t i o n a l  equiva len t  of a  
could be obtained s h o r t  of us ing  t h e  a c t u a l  r e l ea ses .  which 

r e l e a s e  r u l e  
a r e  no t  

always ava i l ab l e .  Therefore,  a l l  the  s imula ted  r e s u l t s  assume n a t u r a l  
condi t ions .  

A l l  o f  t h e  t e s t  l o c a t i o n s  a t  which t h e r e  was s i g n i f i c a n t  a r t i f i c i a l  
con t ro l  a r e  s u b j e c t  t o  t h i s  problem. In  ca ses  of t o t a l  r egu la t ion ,  f o r  
example, t h e  only  usable  s t a t i s t i c  i s  R, t he  r e l a t i v e  e r r o r  i n  mean 
flow. A number of  l o c a t i o n s  on the  o t h e r  hand a r e  s u b j e c t  t o  a  l e v e l  o f  
r e g u l a t i o n  t h a t  a f f e c t s  on ly  low f low,  and o t h e r  s t a t i s t i c s  a r e  probably 
not  a f f e c t e d  t o  any s i g n i f i c a n t  ex t en t .  

Informat ion  on these  e f f e c t s  i s  based on Remarks f o r  t he  given 
s t a t i o n s  a s  published i n  t he  Water Supply Papers of  t he  U. S. Geological  
Survey. Since q u a n t i t i e s  of  d ive r s ions  and r e t u r n  f lows  n e c e s s a r i l y  
vary  through t ime ,  t h e  amounts l i s t e d  should be used only  a s  a  guide t o  
the  r e l a t i v e  magnitude of t he  e f f e c t .  The fo l lowing  abbrev ia t ions  a r e  
used i n  t he  t a b l e s :  

LR - low flow regu la t ion  only ;  
RG - r e g u l a t i o n  t o  some ex ten t  by a  r e s e r v o i r ;  
MR - t o t a l  c o n t r o l  of flow by a  r e s e r v o i r  (major r egu la t ion ) ;  
DV - d i v e r s i o n  of flow above the  s t a t i o n ;  
RT - r e t u r n  flow above the  s t a t i o n .  

A d e t a i l e d  d i scuss ion  f o r  each r i v e r  bas in  is  followed by some 
genera l  conclusions.  

4.2.  Tar  River  Basin ---- 
The headwaters  of the  Tar River  a r e  i n  t he  Piedmont, wi th  maximum 

e l e v a t i o n s  nea r  600 f ee t .  The topography i s  r e l a t i v e l y  f l a t  except near 
t he  main s t ream channels. Within a  d i s t a n c e  of about 70 m i l e s  t he  r i v e r  
e n t e r s  t he  Coastal  P l a in ,  and t h e  ma jo r i t y  of t he  bas in  is f l a t .  Most 
of  t he  a r ea  i s  c u l t i v a t e d  but  a  number of t he  s m a l l e r  s t r eams  d r a i n  
swamps. The r i v e r  e n t e r s  t h e  Pamlico Sound near  Washington. 

The e f f e c t  of  t he  change i n  topography i s  r e f l e c t e d  p r i m a r i l y  i n  
t he  runoff  percentage va lues  f o r  the  w i n t e r  (high SYI). I n  t h e  Piedmont 
t hese  va lues  range between 40-GO$, but  i n  t he  Coastal  P l a in  they a r e  a l l  
100%. Baseflow percentage f i g u r e s  show no c o n s i s t e n t  p a t t e r n ,  and t h e  
base f low t ime  of s t o r a g e  shows s u r p r i s i n g l y  l i t t l e  v a r i a t i o n .  This  may 
be because of t he  f l a t  topography even i n  t h e  Piedmont p a r t  of t h e  
basin.  

The watershed of most i n t e r e s t  i n  the  Tar River bas in  i s  Conetoe 
Creek, which has  been ex tens ive ly  channelized. The observed da t a  show 
an average f low much h igher  than  f o r  nearby watersheds,  and somewhat 



higher  low flow. S imula t ion  of t h i s  watershed requi red  much longer  t ime  
of s t o r a g e  va lues  and lower runoff  percentage va lues  than f o r  nearby 
watersheds. Because t h i s  was the  only  gaged channelized watershed, t h e  
parameter  modi f ica t ions  were used f o r  o t h e r  sub-basins  known t o  have a 
s i g n i f i c a n t  amount of channe l i za t ion  i n  t h e  Coastal  P l a in .  

Modelling was more succes s fu l  i n  t he  Piedmont watersheds than  i n  
t h e  Coastal  P l a i n  watersheds. Although t h i s  r e f l e c t s  t h e  genera l  pa t -  
t e r n ,  t he  r e l a t i v e  success  of  modelling may be more c l o s e l y  r e l a t e 6  t o  
raingage l o c ~ t i o n  than  t o  topography. A l l  o f  t h e  gages t h a t  were 
modelled reasonably we l l  had gages w i t h i n  t h e  watershed o r  nearby. 
Sapony Creek, f o r  example, a Coastal  P l a i n  watershed, has  a gage imme- 
d i a t e l y  adjacent .  On the  o t h e r  hand, most of t h e  L i t t l e  F ish ing  Creek 
watershed i s  more than 20 mi l e s  from any raingage. In  s p i t e  of t h i s ,  
s imu la t ion  of t he  Tar River a t  Tarboro was acceptable .  

4.7. Neuse River  Basin ---- 
The headwaters of t he  Neuse River  a r e  a l s o  i n  t he  Piedmont, w i t h  

maximum e l e v a t i o n s  nea r  800 f ee t .  The a rea  i s  g e n t l y  r o l l i n g  wi th  
s t e e p e r  s lopes  near  t he  s t ream channels. Af t e r  about 40 mi les ,  t h e  
r i v e r  e n t e r s  t h e  Coastal  P l a i n ,  and most of t h e  bas in  is f l a t .  Areas 
away from the  s t reams a r e  c u l t i v a t e d ,  but  l a r g e  swampy a r e a s  remain 
around most of t he  s m a l l e r  streams. The r i v e r  e n t e r s  Pamlico Sound nea r  
New Bern. 

Model parameters  show l i t t l e  c o n s i s t e n t  v a r i a t i o n  anywhere i n  t h e  
basin.  Winter runoff percentages a r e  s l i g h t l y  lower i n  t he  Piedmont 
than they  a r e  i n  t he  lower Coastal  P l a in ,  but  base f low percentages show 
no cons i s t en t  p a t t e r n ,  and base flow time of s t o r a g e  shows no v a r i a t i o n .  

There a r e  two s m a l l  watershed gages i n  t h e  bas in ,  Dial  Creek and 
Turner Swamp. Dial  Creek shows somewhat l e s s  summer runoff  than i t s  
sub-basin, F l a t  River. Turner Swamp shows l e s s  w in te r  runoff  than  i t s  
sub-basin, Black Creek, and the  baseflow p a t t e r n  i s  sha rp ly  d i f f e r e n t ,  
w i th  a h ighe r  baseflow percentage and a s h o r t e r  t ime  of s torage.  

The Eno and L i t t l e  Rivers  do not  have good raingage coverage by 
comparison t o  t he  F l a t  River ,  and t h i s  may be r e f l e c t e d  i n  t h e  s t a t i s -  
t i c s .  A l l  of t h e  gages on the  Neuse River  i t s e l f  were f i t t e d  s a t i s f a c -  
t o r i l y ,  a s  was t h e  L i t t l e  River i n  Johnston County. Contentnea Creek 
was not  f i t t e d  a s  w e l l ,  e i t h e r  due t o  being p r i m a r i l y  i n  t he  Coastal  
P l a i n  o r  due t o  l i m i t e d  raingages. Severa l  of t h e  Coastal  P l a i n  water-  
sheds were no t  modelled very we l l ,  and t h e  worst  examples, Nahunta Swamp 
and L i t t l e  Contentnea Creek were only about  10 m i l e s  from raingages. 
Dial  Creek has a long record,  but f o r  a sma l l  watershed the  n e a r e s t  
ra ingage i s  perhaps too  f a r  away, and t h i s  i s  r e f l e c t e d  i n  t he  



r e l a t i v e l y  poor s t a t i s t i c s .  Turner Swamp has a much s h o r t e r  record and 
i s  much f a r t h e r  from a raingage used f o r  t h i s  study. The U. S. 
Geological Survey has  r a i n f a l l  da t a  t h a t  was unavei lab le  f o r  t h i s  s tudy,  
and i t  would be i n t e r e s t i n g  t o  s e e  how much b e t t e r  t h e  model would work 
with t h e i r  data.  A s  i t  now s t ands ,  t he  f i t  i s  unsa t i s f ac to ry .  

4.4. Cape Fear  River  Basin - -  
The Cape Fear River  i s  formed by t h e  confluence of t he  Haw and Deep 

Rivers. The e n t i r e  bas in  above the  confluence i s  i n  t he  Piedmont, w i th  
a  maximum e l e v a t i o n  of about 1000 f e e t ,  g e n t l y  r o l l i n g  topography, and 
s t e e p e s t  s l o p e s  near  t h e  s t reams.  Most of t h e  r e s t  of t he  bas in  i s  i n  
t he  Coastal  P l a in ,  w i th  t he  except ion of  s e v e r a l  s m a l l e r  s t r eams  t h a t  
d r a i n  the  s a n d h i l l s  i n  t he  a r ea  between Sanford and Pinehurst.  Two 
major t r i b u t a r i e s ,  t h e  Black River  and the  Northeast Cape Fear River ,  
l i e  t o t a l l y  i n  t he  Coastal  Plain.  Most of t he  a r ea  i s  c u l t i v a t e d ,  
except f o r  swamps along the  major s t reams and t r i b u t a r i e s .  The r i v e r  
expands i n t o  an e s t u a r y  near  l?ilmington, and then f lows  i n t o  t h e  
At l an t i c  Ocean near  Cape Fear. 

The amount of v a r i a t i o n  i n  model parameters  r e f l e c t s  t he  v a r i e t y  of 
topography and s o i l s  i n  t he  basin.  Winter runoff percentages a r e  a s  low 
a s  TO* i n  some Piedmont watersheds,  and a s  high a s  1005 i n  watersheds i n  
t h e  lower Coastal  Plain.  Summer runoff percentages a r e  l e s s  c o n s i s t e n t  
except i n  t he  s a n d h i l l s ,  where they  a r e  s i g n i f i c a n t l y  higher .  Raseflow 
percentages vary  g r e a t l y ,  being a s  high a s  60? i n  t he  s a n d h i l l s ,  40-50s 
i n  the  Fiedmont, and a s  low a s  1 h r  l e s s  f o r  some lower Coas ta l  P l a i n  
watersheds. Base f low t ime of s t o r ~ g e  i s  gene ra l ly  1000 hours,  bu t  
increa.ses t o  1500 hours  i n  upper Piedmont watersheds and decreases  t o  a s  
l i t t l e  a s  300 hours  i n  t he  lower Coastal  P l a in .  

Urban watersheds i n  the  bas in  show runoff  percentages sha rp ly  d i f f -  
e r e n t  from surrounding areas .  Both Buffalo Creek gages near  Greensboro 
show sha rp  reduct ions  i n  t he  s o i l  mois ture  index. Values of t he  runoff 
percentage of 60$ f o r  an SWI va lue  of 2 inches  and 100% f o r  an SP'IT va lue  
of 7 inches  a r e  s i m i l a r  t o  those found i n  s t e e p  mountain watersheds. 
Base flow percentage and t ime of s to rage ,  however, seem unaffected.  
Third Fork Creek a t  Durham is  a sma l l  urban watershed t h a t  shows h ighe r  
runoff percentages f o r  summer (low) SNI va lues  a s  wel l .  

The upper p a r t  of the  Haw River bas in  was s imulated r a t h e r  poorly,  
cons ider ing  t h a t  t h e r e  is  f a i r l y  good raingage coverage and r o l l i n g  
topography. This  may be p a r t l y  due t o  urban e f f e c t s  i n  the  Greensboro 
a rea ,  a s  r e f l e c t e d  by the  records f o r  ITorth and South Buffalo Creeks, 
and p a r t l y  due t o  r egu la t ion  on Reedy Fork and a  number of d i v e r s i o n s  
and r e t u r n  f lows  i n  t h e  area. The only  r e a l l y  s a t i s f a c t o r y  f i t t e d  d a t a  
i s  on the  Haw River  i t s e l f  and the  New Hope River.  



The Eeep River  i s  f i t t e d  a l i t t l e  b e t t e r ,  a l though aga in  the  
r e s u l t s  a r e  a  l i t t l e  disappoint ing.  T r i b u t a r i e s  a r e  much worse, b u t  
f o r  example the  n e w e s t  raingage i s  more than 20 mi les  from any poin t  i n  
Bear Creek. Tick Creek is  a r e l a t i v e l y  sma l l  watershed, bu t  i t  is  n o t  
f a r  from a raingage and t h e  f i t  should have been b e t t e r .  

The gages on t h e  Cape Fear River  have been f i t t e d  very  we l l ,  b u t  
r e s u l t s  o therwise  i n  t he  lower bas in  a r e  not  very  good. I n  t he  sand- 
h i l l s ,  where average f low is  somewhat above average f o r  t he  a r ea ,  f i t s  
a r e  poor. I n  t he  Coastal  P l a in ,  poor f i t s  on the  s m a l l e r  watersheds can 
be a t t r i b u t e d  a t  l e a s t  p a r t l y  t o  i n s u f f i c i e n t  p r e c i p i t a t i o n  data.  

There a r e  s eve ra l  r e l a t i v e l y  s m a l l  watersheds i n  t he  Cape Fear 
River basin.  Reedy Fork and Horsepen Creek a r e  a t  t he  upper end of  t h e  
bas in  wi th  a  nearby r a i n  gage. Third Fork Creek a t  Durham i s  a very  
s m a l l  urban watershed wi th  a  nearby r a i n  gage, bu t  t h e  period o f  record . 
i s  very s h o r t  and t h e  observed record could not  be f i t t e d .  Tick Creek 
i s  not  f a r  from a raingage. F l a t  Creek, loca ted  i n  t h e  s a n d h i l l s ,  i s  
10 m i l e s  from a raingage. Hood Creek, i n  t h e  Coastal  P l a in ,  i s  a l s o  10 
mi l e s  from a r a i n  gage. 

There a r e  a l s o  s e v e r a l  urban watersheds. North and South Buffalo 
Creeks f low through Greensboro. North Buffalo Creek has a  long record ,  
but  i t  i s  badly a f f ec t ed  by r e t u r n  flow. South Buffalo had a  b e t t e r  
record,  bu t  t h e  gage was terminated r e l a t i v e l y  ear ly .  Third Fork Creek 
a t  Durham i s  a sma l l  urban watershed, but t he  record is  too s h o r t  t o  be 
use fu l .  

4.5. Yadkin-Pee Dee River  Basin - --- 
Watersheds a t  t he  upper end of the  Yadkin River d r a i n  t h e  e a s t e r n  

s lope  of t h e  Blue Ridge wi th  gene ra l ly  s t e e p  s lopes  and e l e v a t i o n s  ex- 
ceeding 3500 f e e t .  Most of t he  p a r t  of the  bas in  i n  North Carol ina is  
i n  t he  upper and middle Piedmont, ranging from r i d g e s  l i k e  t h e  Brushy 
Mountains wi th  e l e v a t i o n s  up t o  2500 f e e t  t o  g e n t l y  r o l l i n g  topography 
t o  a r e a s  near  t he  southern border  wi th  swampy va l leys .  The Pee Dee 
River  is  formed by t h e  confluence of t h e  Yadkin and Uwharrie Rivers. 
The s a n d h i l l s  region c ros ses  t h e  bas in  near  t h e  s t a t e  l i n e ,  wi th  exten-  
s i v e  a r e a s  along t h e  main s t ream and t r i b u t a r i e s  i n  both North and South 
Carol ina,  and i n  t he  headwaters of  t he  Lumber River. Host o f  t h e  r e s t  
of t h e  bas in  i s  i n  t he  Coastal  P l a i n ,  inc luding  major t r i b u t a r i e s  such 
a s  t he  Lumber and Waccamaw Rivers  i n  North Carol ina and the  L i t t l e  Pee 
Dee, Lynches and Rlack Rivers  i n  South Carolina. This a r e a  i s  g e n e r a l l y  
f l a t  wi th  l a r g e  swampy a r e a s  along t h e  main s t reams and t r i b u t a r i e s .  
The r i v e r  e n t e r s  Winyah Bay nea r  Georgetown, South Carol ina from which 
i t  flows i n t o  the  A t l a n t i c  Ocean. 



There a r e  a  number of  major r e s e r v o i r s  on the  main s t ream t h a t  had 
an e f f e c t  on t h e  da t a  i n  t h i s  study. W. Kerr Sco t t  Reservoir ,  l oca t ed  
on the  Yadkin River  near  Wilkesboro, i s  a f lood con t ro l  r e s e r v o i r  t h a t  
was completed i n  1962. Between Sa l i sbu ry  and Rockingham on t h e  Yadkin 
and Pee Dee Rivers  a r e  a. s e r i e s  of  o l d e r  h y d r o e l e c t r i c  dams, i nc lud ing  
High Rock, Tuckertown, Narrows, Yadkin F a l l s ,  T i l l e r y  and Blewett  F a l l s .  
These r e s e r v o i r s  a r e  operated g e n e r a l l y  without  much change of  s to rage ,  
so they  have r e l a t i v e l y  l i t t l e  e f f e c t  on the  s t reamflow except f o r  low 
flow. 

. A  Level B planning s tudy  was conducted on the  Yadkin-Pee Dee River  
bas in  whi le  t h i s  p r o j e c t  was underway. Because i t  requi red  s i m u l a t i o n  
f o r  South Carol ina a s  we l l  a s  North Carol ina,  t h e  r e s u l t s  of  t he  simu- 
l a t i o n  a r e  repor ted  he re  f o r  both s t a t e s .  

Model parameters  vary  cons iderably  a c r o s s  t he  bas in ,  a s  might be  
expected wi th  t h e  topographic d i v e r s i t y .  Winter runoff  percentages vary  
from 60-70% on the  mountain watersheds t o  4.0-505 on the  upper Piedmont 
watersheds, r e t u r n i n g  t o  60-70q i n  t he  lower Piedmont, 80% i n  t h e  
s a n d h i l l s  and 90% i n  the  lower Coastal  Plain.  Summer runoff  percentages 
vary from 2-10s i n  t h e  mountains t o  2q g e n e r a l l y  i n  t h e  Piedmont, t o  10% 
i n  the  s a n d h i l l s  and 0 s  i n  t he  lower Coastal  Plain.  Raseflow percent-  
ages vary  from 80-90% i n  t h e  mountains t o  between 10q and 60% i n  t h e  
Piedmont, depending on l o c a l  topography and s o i l s ,  505 i n  t h e  s a n d h i l l s ,  
and 2-20% i n  the  Coastal  Plain.  Base flow t ime of s t o r a g e  v a r i e s  from 
2000 hours i n  t h e  mountains t o  200-2000 hours  i n  the  Piedmont, 1500 
hours i n  t he  s a n d h i l l s  and 500-1000 hours i n  t he  Coastal  Plain.  

There a r e  two sma l l  gaged watersheds i n  t he  basin.  Humpy Creek a t  
Fork showed lower runoff percentages than the  Churchland l o c a l  sub- 
bas in ,  a  much h igher  baseflow percentage,  and a  s h o r t e r  base f low t i m e  
of s torage.  Third Creek Subwatershed ?A nea r  Stony Point  showed h ighe r  
runoff  percentages,  a  lower baseflow percentage and a  s h o r t e r  base f low 
t ime of s to rage ,  but  t h i s  gage is  downstream from a r e s e r v o i r  and t h e r e  
must be some e f f e c t s  of  r egu la t ion .  

S imula t ion  r e s u l t s  i n  t h i s  bas in  a r e  g e n e r a l l y  more s a t i s f a c t o r y  
than i n  nearby basins .  This  may be p a r t l y  a  r e s u l t  of t he  e x t r a  work 
done f o r  t he  Level R planning study. F i t t e d  r e s u l t s  a r e  g e n e r a l l y  very  
good f o r  t h e  mountain watersheds,  good i n  t he  Piedmont and f a i r  i n  t h e  
Coastal  Plain.  Many of  t h e  worst  r e s u l t s  can be r e l a t e d  t o  de f i c i ency  
i n  t h e  raingage network, r egu la t ion  o r  d ive r s ion ,  o r  s h o r t  records ,  bu t  
t h r e e  t h a t  a r e  p a r t i c u l a r l y  d isappoin t ing  a r e  Forbush Creek, Juniper  
Creek and C a t f i s h  Canal. 

It may be noted t h a t  f lows  on the  main s t ream and t r i b u t a r i e s  were 
f i t t e d  very  well .  Even a t  gages l i k e  the  Pee Dee gage, below s e v e r a l  
major r e s e r v o i r s ,  t h e  f i t  was good. F i t s  were a l s o  very  good on major 



t r i b u t a r i e s  i n  t he  lower Coastal  P l a i n ,  where the  f i t s  f o r  s m a l l e r  
watersheds were only f a i r .  One problem was noted,  i n  rou t ing  f lood  
peaks along the  main s t reamo Although t h e  one day mean high f low was 
f i t t e d  wel l  on watersheds, t h e  va lues  were s e r i o u s l y  underest imated on 
t h e  main s t ream,  g e t t i n g  worse moving downstream. T t  was assumed t h a t  
parameter  adjustment  i n  t he  r i v e r  rou t ing  model would so lve  t h i s ,  b u t  
reducing the  t ime of s to rage  i n  the  reach and inc reas ing  the  number of  
phases did not  he lp  s i g n i f i c a n t l y .  One poss ib l e  source of t h i s  problem 
t h a t  needs f u r t h e r  examination i s  the  f a c t  t h a t  the  d a i l y  p r e c i p i t a t i o n  
records  used i n  t h i s  s tudy were recorded a t  d i f f e r e n t  t imes  of t h e  day, 
some i n  t h e  morning, some i n  t he  a f te rnoon,  and some a t  midnight. A 
simulated flood peak caused by a r a i n f a l l  event recorded a t  one t ime  may 
be matched s u c c e s s f u l l y  t o  the  recorded event ,  bu t  when peaks occurr ing  
i n  two adjacent  bas ins  r e s u l t i n g  from r a i n f a l l  events  recorded a t  d i f f -  
e r e n t  t imes  a r e  combined, t h e  combination must be l e s s  than  the  recorded 
value.  

4.6. Catawba River  Basin - -- 
The headwaters of t h e  Catawbn Rfver d r a i n  the  e a s t e r n  s lope  of  t h e  

Blue Ridge, wi th  e l eva t ions  exceeding 5000 f ee t .  The remainder of  t h e  
bas in  i n  North Carol ina i s  i n  t he  upper Piedmont, wi th  r i dges  such a s  
t he  South Mountains reaching 2500 f e e t  and g e n e r a l l y  r o l l i n g  topography. 
The main s t ream i s  con t ro l l ed  by a  s e r i e s  of r e s e r v o i r s ,  inc luding  Lakes 
James, Rhodhiss, Hickory, Norman, Mountain I s l and  and Wylie. 

Model parameters  r e f l e c t  t he  d i f f e r e n c e  i n  topography. Winter 
runoff  percentage va lues  range from 1005 on t h e  Blue Ridge t o  80* i n  t h e  
South Mountains, t o  30-70? i n  t he  Piedmont. Summer runoff percentages 
vary  by much l e s s .  Baseflow percentages vary from 705 i n  t h e  mountains 
and upper Piedmont t o  10"n the  a rea  southeas t  of Charlot te .  Base f low 
t ime of s to rage  va lues  a r e  about 2000 houps i n  t h e  mountains, between 
1000 and 2000 hours  i n  t he  upper Piedmont, and a s  low a s  400 hours  i n  
t he  a r ea  southeas t  of Cha r lo t t e ,  

There a r e  s e v e r a l  gages i n  t he  Cha r lo t t e  urhan area. For t hese  
watersheds,  t he  summer runoff percentages a r e  cons iderably  h ighe r  than 
i n  t he  surrounding a rea ,  t h e  win te r  runoff percentages a r e  not  much 
d i f f e r e n t  and the  baseflow percentages a r e  s l i g h t l y  h igher .  

The f i t t e d  r e s u l t s  a r e  not  good anywhere i n  the  basin.  The poor 
f i t s  i n  t h e  mountains a r e  undoubtedly due t o  i n s u f f i c i e n t  p r e c i p i t a t i o n  
data.  However, records  on two gages a t  Morganton and the  record f o r  
Lower Creek have raingages nearby, and a l l  t h r e e  f i t s  a r e  u n s a t i s -  
fac tory .  Even the  f i t s  on the  main s t ream a r e  not  good, bu t  t h i s  i s  
probably due t o  regula t ion ,  Only the  f i t s  on t h e  gages i n  t he  Cha r lo t t e  
a r e a  a r e  acceptab le ,  t h e  bes t  t h a t  were obtained f o r  any urban area.  



,7. Broad River  Basin --- 
The headwaters  of t h e  Broad River  d r a i n  the  e a s t e r n  s lope  of  t h e  

Blue Ridge wi th  some e l e v a t i o n s  over 4000 f e e t ,  a l though much of t h e  
r idge  i n  t h i s  a r e a  i s  l e s s  we l l  def ined and only s l i g h t l y  over  2000 
fee t .  The r e s t  of t h e  bas in  i n  North Carol ina is  upper Piedmont, w i th  
r i dges  such a s  t h e  South Mountains over  2000 f e e t  and r o l l i n g  topogra- 
phy. Although t h e r e  a r e  l a k e s  on both t h e  Broad and Green Rivers ,  
r egu la t ion  i s  no t  s i g n i f i c a n t .  

There i s  r e l a t i v e l y  l i t t l e  v a r i a t i o n  i n  model parameters.  Winter 
runoff percentages  vary from 1009 i n  t he  s t e e p e s t  watersheds t o  50-n 
the  Piedmont. Summer runoff  percentages va ry  between 0-5%. Raseflow 
percentages vary  from 80% i n  t h e  mountains t o  506 i n  t he  Piedmont, and 
base f low t ime  of s t o r a g e  v a r i e s  from 2000 hours  i n  t he  mountains t o  
1000-1 500 hours  i n  t he  Piedmont. 

S imula t ion  r e s u l t s  a r e  not  good i n  t h e  mountains, aga in  probably 
due t o  poor raingage d i s t r i b u t i o n  i n  t h i s  area.  F i t s  on t h e  r e s t  of t h e  
watersheds a r e  f a i r ,  but  a r e  b e s t  on the  Broad River i t s e l f .  There is 
one sma l l  gaged watershed, Sugar Branch, f o r  which the  f i t  i s  
s a t i s f a c t o r y .  

4.8. New River  Basin ---- 
The New River  d r a i n s  the  western s lope  of the  Blue Ridge, f l owing  

nor th  i n t o  the  Kanawha and Ohio Rivers. Although t o t a l l y  i n  t h e  
mountains, w i th  maximum e l e v a t i o n s  over  5000 f e e t ,  t h e  topography i s  n o t  
a s  s t e e p  a s  t h e  o t h e r  mountain basins.  The a r e a  i s  t o t a l l y  o u t s i d e  o f  
t h e  n a t i o n a l  f o r e s t ,  and much of i t  i s  c l ea red .  

There a r e  only  two gaged watersheds i n  t he  New River  bas in  i n  North 
Carol ina,  so t h e r e  i s  l i t t l e  in format ion  from which t o  draw model para- 
meters. The f i t s  i n d i c a t e  t h a t  t he  win te r  runoff  percentage is  s l i g h t l y  
h igher  f o r  t he  Eorth Fork than the  South fo rk ,  t h a t  t he  summer runoff  
percentage is  cons iderably  lower and t h a t  t h e  basef low percentage i s  
lower. 

The f i t s  of t he  s imulated da t a  a r e  ve ry  good, e s p e c i a l l y  cons ider -  
i ng  t h e  r e l a t i v e l y  poor raingage coverage, p a r t i c u l a r l y  i n  t he  North 
Fork watershed. 



4.9. Wa tauga River  Basin. - P -- 
The Yabuga  River d r a i n s  t he  west s lope  of  t he  Blue Ridge. Most o f  

t he  bas in  is  s t e e p ,  wi th  e l e v a t i c n s  reaching 6000 f e e t ,  although t h e  
main v a l l e y s  a r e  f l a t .  Nost of t he  bas in  i s  o u t s i d e  of the  n a t i o n a l  
f o r e s t ,  and many of t he  s t e e p  s lopes  a r e  c l e a r e d ,  i n  pas tu re  o r  scrub.  

The bas in  r e f l e c t s  the  extreme condi t ions ,  w i th  100% win te r  runoff  
and O$ summer runoff. Only i n  t he  lower p a r t  of t h e  bas in  near  t h e  
s t a t e  l i n e  i s  the  in t e rmed ia t e  runoff  percentage reduced. Raseflow 
percentage i s  between 40% and 503 and base f low t ime of s to rage  i s  2000 
hours.  

The f i t  on the  two Watauga River  gages i s  s a t i s f a c t o r y ,  bu t  t he  f i t  
on Elk Creek i s  d isappoin t ing ,  one of t he  worst f o r  a  mountain gage w i t h  
adequate raingages. T h e ~ e  a r e  known t o  be s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  
r a i n f a l l  i n  t he  a r e a ,  and perhaps t h i s  i s  t h e  source of t h e  problem. 

4.10. French Broad River  Basin --- 
The French Broad River d r a i n s  the  west s i d e  of t he  Blue Ridge, a s  

we l l  a s  a  number of  mountain ranges between t h e  Blue Ridge and t h e  
Tennessee s t a t e  l i n e ,  inc luding  p a r t  of t he  Great Smoky Mountain 
National Park. The Eorth Carolina po r t ion  inc ludes  two major 
t r i b u t a r i e s ,  t h e  Pigeon and Molichucky Rivers. The e n t i r e  bas in  is  
mountainous, wi th  e l eva t ions  over  6600 f e e t ,  and most of t h e  mountains 
a r e  i n  t he  n a t i o n a l  f o r e s t .  The main v a l l e y  i s  wide wi th  r o l l i n g  
topography, and much of t he  a r ea  i s  cleared.  

There have been a  number of streamgages i n  the  bas in  a t  va r ious  
t imes ,  and t h e r e  i s  a  very good p r e c i p i t a t i o n  gage network operated by 
the  Tennessee Valley Authority. A good dea l  of  d e t a i l e d  informat ion  
about t h e  v a r i a t i o n  of model parameters  is  t h e r e f o r e  ava i l ab l e .  The 
win te r  runoff  percentage v a r i e s  from 400q i n  t h e  s t e e p e s t  watersheds t o  
30% i n  some of t he  lower watersheds i n  t h e  main v a l l e y  a s  we l l  a s  t h e  
Pigeon River va l ley .  The summer runoff  percentage v a r i e s  from 56 t o  05 
i n  t h e  same topographic r e l a t i o n ,  Baseflow percentage v a r i e s  between 
405 and 80% wi th  no ev ident  t rend ,  and base f low t i m e  of s t o r a g e  is  
between 1500 and 2500 hours.  

There a r e  s e v e r a l  r e l a t i v e l y  s m a l l  gaged watersheds i n  t he  bas in ,  
t he  b e s t  record being on Beetree Creek. This is a p a r t i c u l a r l y  good 
example of t he  use of a  s t a t i o n  weight o t h e r  than 100q, s i n c e  the  r a in -  
gage i s  a t  t h e  lower end of the  watershed. It was a l s o  necessary t o  use  
a  s e t  of parameters  used on s t e e p  watersheds,  s i n c e  the  Beetree Creek 
watershed i s  much s t e e p e r  than t h e  r e s t  o f  t h e  sub-basin wi th in  which i t  
i s  loca t ed .  



The f i t s  o f  t h e  s imulated d a t a  a r e  g e n e r a l l y  good, and those  on t h e  
main s t reams a r e  very good" On "choe watersheds f o r  which the  f i t t e d  
r e s u l t s  a r e  only  fair, such as Euminy Creek and Sandymush Creek, 
raingages a r e  more widely spaced than elsewhere. Spec ia l  s i m u l a t i o n  was 
required on a  number o f  t he  sma l l e r  watersheds. 

4.1 1 . Hiwassee River  Basin -- 
The headwaters  of  t h e  Hfnassee River  a r e  i n  t he  mountains o f  

nor thern  Georgia. It f lows  through t h e  mountains of extreme wes tern  
North Carol ina i n t o  Tennessee. The mcuntains a r e  s t e e p  and a r e  most ly  
i n  t h e  na t iona l  f o ~ e s t ,  while  t he  v a l l e y s  a r e  wide and most ly  cleared.  
There a r e  t h r e e  major s t o r a g e  r e s e r v o i r s ,  Chatuge, Hiwassee and Not te ly ,  
t h a t  t o t a l l y  c o n t r o l  f iow i n  t h e  ma411 stream. 

Model parameters  show l i t t l e  v a r i a t i o n  i n  t he  basin.  Winter runoff  
percentages a r e  between 80% and 7005 and summer runoff  percentages vary  
from 0% t o  5%. RasefTow p e ~ c e n t a g e s  a r e  between 50% and 80?, and base 
flow time of s t o r a g e  between 2000 and 2500 hours.  

Model f i t t i n g  i s  a f f ec t ed  by two f a c t o r s :  t h e  p a r t  o f  t he  bas in  i n  
Georgia, and the  r e se rvo i r s .  Because t h e r e  was l i t t l e  p r e c i p i t a t i o n  
data  a v a i l a b l e  f o r  Georgia, t he  headwaters  of t he  Hiwassee and Not te ly  
were t r e a t e d  a s  sub-basins  much l a r g e r  than should be used, and t h e  
s e l e c t e d  raingages could not  be r e p r e s e n t a t i v e  of t he  area.  The f i t s  on 
these  gages were consequent ly n o t  very  goodo Also, bemuse  of t h e  
r e s e r v o i r  ope ra t ion ,  a l l  o f  t he  downstream gages were s i g n i f i c a n t l y  
a f f e c t e d ,  t o  t he  ex t en t  t h a t  a C value  could not  be computed. A review 
of t he  monthly d i s t r i b u t i o n  of  observed Plow shows t h a t  maximum f lows  
occur dur ing  t h e  months of April-September, which would normally be 
months of low fl-ow. 

Taking the  above i n t o  cons ide ra t ion ,  t h e r e  a r e  only  two watersheds 
t ha t  could be reasonably t e s t e d ,  and both a r e  s a t i s f a c t o r y .  The Valley 
River i n  p a r t i c u l a r  had the  b e s t  s i n g l e  s imu la t ion  i n  t he  s t a t e ,  and 
shows what can be done when t h e r e  i s  good p r e c i p i t a t i o n  da t a  ( t h r e e  
r e p r e s e n t a t i v e  s t a t i o n s  i n  t h e  watershed) .  

L i t t l e  Tennessee River. Basin 

The L i t t l e  Tennessee River  d r a i n s  t he  mountains of western North 
Carol ina,  i nc lud ing  p a r t  of t he  Great Smoky Mountain National Park. 
P a r t  of t h e  headwaters  i s  i n  Georgia. E leva t ions  reach 6600 f e e t ,  and 
some of t he  t r i b u t a r i e s ,  p a r t i c u l a r l y  the  Cul lasa ja ,  Nantahala, 
Tuckasegee and Oconaluftee Rivers  a r e  very  s teep ,  Most of t h e  bas in  i s  
e i t h e r  i n  t h e  n a t i o n a l  f o ~ e s t  o r  park, except f o r  c l ea red  a r e a s  i n  t h e  



val leys .  There i s  s i g n i f i c a n t  r e g u l a t i o n  of t he  Tuckasegee River  by 
East Fork and Thorpe Lakes, o f  t he  N a n t a h a l ~  River  by Nantahala Lake, of 
t h e  Cheoah River  by San tee t l ah  Lake, and o f  t he  L i t t l e  Tennessee River  
by Fontana Lake. 

Model parameters  show r e l a t i v e l y  l i t t l e  v a r i a t i o n .  Winter runoff  
percentages vary  between 606 and 100% whi le  summer runoff  percentages 
a r e  between O? and 5%. Baseflow percentages a r e  between 50q m d  805, 
and a l l  t h e  base f low s to rage  t imes  a r e  2000 hours. There is  one s m a l l  
gaged watershed, Shope Fork, t h a t  d id  not  r e q u i r e  parameter  mod i f i ca t ion  
except f o r  t he  p r e c i p i t a t i o n  gage and weight. 

F i t s  f o r  a l l  gages unaf fec ted  by r e g u l a t i o n  a r e  s a t i s f a c t o r y ,  
a l though t h a t  f o r  Noland Creek i s  not  a s  good a s  expected. The f i t s  on 
major s t r eams  unaffected by r e g u l a t i o n  a r e  ve ry  good. The e f f e c t  of  
r egu la t ion  is  p a r t i c u l a r l y  ev ident  on t h e  Nantahala River  below 
Nantahala Lake, and on the  L i t t l e  Tennessee River  below Fontana Lake. 

4.17. Savannah River  Rasin -- 
A v e r y  s m a l l  p a r t  of t h e  headwaters  of t h e  Savannah River  is  i n  

North Carol ina,  and c o n s i s t s  of t h e  upper end of t h r e e  t r i b u t a r i e s ,  t h e  
Chatooga, Horsepasture and Toxaway Rivers. The a r e a  is g e n e r a l l y  s t e e p  
and f o r e s t e d ,  wi th  e l e v a t i o n s  reaching over  4000 f e e t .  

There i s  on ly  one streamgage record i n  t he  basin.  The r e s u l t i n g  
model parameters  show a w in te r  runoff  percentage of 100$, a summer 
runoff  percentage o f  o%, baseflow percentage of 503 and base f low t i m e  
of s to rage  of 2000 hours ,  

The f i t  of the  s imula ted  d a t ~  5s  s a t i s f a c t o r y .  Only s i x  yea r s  of 
da t a  a r e  a v a i l a b l e  f o r  f i t t i n g ,  and t h e  only p r e c i p i t a t i o n  gnge i s  on 
the  r idge  a t  t he  upper end of t he  watershed. 



4.14. General Summary - 
Resu l t s  vzry  c o n s i d e ~ a b l  y  from hasir1 t o  b a s i n ,  b u t  a f t e r  reviewing 

the  preceding sections, s e v e r a l  c o n c l u s ~ f m s  ra.9 b e  C P R W ~ O  

One of  t h e  more t roub l ing  problems i n  sirnulaxion on the  s c a l e  of 
t h i s  p r o j e c t  i s  t h e  l a c k  of r a f n f a l l  data  i n  many areas .  For many o f  
t he  bas ins  i n  t h i s  yeport ,  t h e r e  w e  no r ~ a f n f a l l  measurements i n  o r  even 
near  t he  basin.  One must hope t h a t  condi t ions  at; t he  n e a r e s t  gage o r  
gages a r e  s u f f i c i e n t l y  s i m i l a r  t h a t  they  can he used i n  the  h ~ s i n .  
From the  poin t  of view of u t i l f t y  of s imu la t ion ,  this is  not  a  s e r i o u s  
problem because any a c t u a l  se-t of r a i n f a l l  m m s u r ~ m e n t s  at a  given gage 
i s  not  l i k e l y  t o  r ecu r ,  even under s f m i l a r  condi t ions ,  However, when 
the da t a  a r e  being f i t t e d ,  a s  i n  t h i s  ca se ,  an a c t u a l  measurement 
obtained dur ing  a  given t ime period i s  being used a s  though i t  had 
caused the  given consequence a t  another  l oca t ione  T t  i s  not  p o s s i b l e  t o  
determine i n  t h e  given in s t ance  the  ex t en t  t o  which t h e  r e s u l t i n g  e r r o r  
i n  s imu la t ion  of  the  event i s  due t o  the  wrong va lue  of r a i n f a l l  being 
used r a t h e r  than  e r r o r s  i n  t h e  model and/or parameters. One can only  
hope t h a t  when a  c o l l e c t i o n  of events  is  being inves t fga t ed ,  r a t h e r  than 
s p e c i f i c  events ,  t h e  random e r r o r s  w i l l  tend t o  become l e s s  important .  
This w i l l  tend t o  be t r u e  a s  t h e  period of t e s t i n g  becomes longer .  

A genera l  review of t he  r e s u l t s  shows t h a t  t he  C values  tend t o  be 
h ighes t  i n  t he  mountains, l e s s  i n  t he  Piedmont, and lowes t  i n  t he  
Coastal Plain.  It i s  poss ib l e  t h a t  t h i s  is a consequence of t h e  model 
i t s e l f ,  but  i t  must a l s o  be noted t h a t  the  d e n s i t y  of  the  r a i n  gage 
network fo l lows  the  same pa t te rn .  The network of m i n  gages of  t h e  
Tennessee Valley Authori ty  QTYA) not  only  compensates f o r  t he  g r e a t e r  
v a r i a b i l i t y  of r a i n f a l l  i n  t h e  mountains, but  provides a  b e t t e r  o v e r a l l  
s e t  of measurements t o  use i n  s imula t ion .  Perhaps the  b e s t  demonstra- 
t i o n  of t h i s  e f f e c t  is  shown by comparing the  s imu la t ion  r e s u l t s  i n  t h e  
upper French Broad River  bas in ,  wi th in  the  TVA network, wi th  those 
of mountain watersheds i n  t h e  Catawba and Broad River bas ins  wi th  f a r  
fewer gages. The s imu la t ion  r e s u l t s  a r e  much l e s s  s a t i s f a c t o r y  i n  t he  
Catawba and Broad River  basins .  

Another conclusion drawn from a  genera l  review i s  t h a t  i f  t h e  bas in  
is  s u f f i c i e n t l y  l a r g e ,  s imu la t ion  seems t o  work we l l ,  r ega rd l e s s  o f  
o the r  f ac to r s .  Major bas ins  almost  always show values o f  C over 0.90, 
and i n  a r e a s  of t h e  Coastal  P l a in  where th2 s imu la t ion  i s  o the rwi se  not  
very  succes s fu l ,  C values  on the  major s t reams of  0.92-0.94 a r e  common. 
One might a l s o  conclude t h a t  any model should y i e ld  succes s fu l  r e s u l t s  
f o r  very l a r g e  bas ins ,  but  i n  any ease  s imulated da t a  f o r  l a r g e  bas ins  
i s  d e f i n i t e l y  usefu l .  



I t  i s  i n t e r e s t i n g  t o  review t h e  e f f e c t  of l a r g e  r e s e r v o i r s  on t h e  
s imula ted  r e s u l t s .  Since t h e  s imu la t ion  assunes  n a t u r a l  condi t ions ,  t h e  
degree of success  i n  s imu la t ion  should te31 something about t h e  ex t en t  
t o  which n a t u r a l  condi t ions  a r r  r i l t e s ~ d  by r e s e r v o i r  operat ion.  A t  one 
extreme, t he  . resu l t s  i n  the  Yadkin-Fee Pee R ~ v e r  bas in  show r a t h e r  h igh  
va lues  of C. The C value  a t  High Xoek, j u s t  below a l a r g e  r e s e r v o i r ,  i s  
0.89. The va lues  a t  Rockingham and Pee Dee, below s i x  major r e s e r v o i r s ,  
a r e  over 0.90. On the  C a t a w h  River,  t he  C va7.ue a t  Rock H i l l  below 
seven major r e s e r v o i r s  i s  only  0.93. A t  t he  o t h e r  extreme, i n  t he  
Hiwassee and L i t t l e  Tennessee River  bas ins ,  C va lues  below Chatuge, 
Nottely and Fontana Reservoi rs  cannot even be ca l cu la t ed  because t h e r e  
i s  an inve r se  r e l ~ t i o n s h i p  between s imula ted  ( n a t u r a l )  and observed 
flow, Even t h i s  y e l a t i o n  i s  not  s t rong ,  s i n c e  the  C q  va lues  a r e  l e s s  
than  0.06. One might conclude from this trend tha t  on t h e  Yadkin-Pee 
Dee River t he  r e s e r v o i r s  a r e  e s s e n t i a l l y  operated a s  run-of- the-r iver ,  
w i t h  very l i t t l e  change i n  s torage*  There i s  somewhat more s to rage  
v a r i a t i o n  on the  Catavrba River. On the  o t h e r  hand, t h e  TVA r e s e r v o i r s  
ope ra t e  wi th  s i g n i f i c a n t  changes i n  s to rage ,  and t he  n a t u r a l  f low regime 
is  t o t ~ l l y  destroyed. 

There i s  a  l i t t l e  in format ion  regard ing  l o c a l  e f f e c t s ,  p a r t i c u l a r l y  
f o r  sma l l  watersheds and fop  urban a reaso  General ly  f o r  sma l l  a r e a s ,  
l e s s  than f i v e  square mi l e s ,  t h e  s imula ted  r e s u l t s  d id  not  match the  
observed d a t a  well .  This i s  a t  l e a s t  p a r t l y  because of  t h e  l ack  o f  
r a i n f a l l  da t a  w i th in  o r  even c l o s e  t o  t h e  watershed, and p a r t l y  because 
most of t h e  records  a r e  shor t .  For example, t h e  period of record t e s t e d  
f o r  Turner Swamp was l e s s  than s i x  years ,  and the  raingages used f o r  t h e  
2.2 square mi l e  watershed were over 10 miles  away. f lever the less ,  i t  was 
found gene ra l ly  t h a t  l e s s  runoff  was observed from such watersheds than  
expected. a s  a  propor t ion  of t he  sub-basin, and parameters  had t o  be 
modified accordingly. When parameters  were modif i e d  f o r  l o c a l  
condi t ions ,  t h e  va lues  used have been t ebu la t ed  a t  t h e  end of t he  t a b l e s  
of  r e s u l t s .  

There i s  somewhat more informat ion  on u r b m  a r e a s ,  a l though i n  
s e v e r a l  ca ses  t h e  da t a  a r e  a f f e c t e d  by d ive r s ions  o r  re turns .  Runoff 
from these  a r e a s  was c l e a r l y  h igher  than f o r  ad jacent  r u r a l  a r e a s ,  and 
t h i s  could be modeled by inc reas ing  the  runoff  percentage values.  The 
ex ten t  of these  d i f f e r e n c e s  can be seen by comparing, f o r  example, t h e  
parameters  f o r  e i t h e r  Worth o r  South Buffalo Creek ( i n  t h e  Cape Fear  
River  basin)  wi th  ad jacent  watershedse In  model l ing urban a r e a s  w i t h i n  
mixed sub-basins,  s i m i l a r  changes should be made. For example, t h e  
gsged watershed of Third Fork Creek a t  nurham is  c l e a r l y  n o t  represen-  
t a t i v e  of the  Bev Hope Creek sub-basin, and a d i f f e ~ e n t  parameter  s e t  
was used. 



APPLICRTTONS 

The NCSSARR system was designed f o r  convenient use. To i l l u s t r a t e  
i t s  use ,  p a r t i c u l a r l y  wi th  r e spec t  t o  t he  r e s u l t s  of  t h i s  s tudy ,  t h r e e  
a p p l i c a t i o n s  and an extension w i l l  be described. The f i r s t ,  t he  Level B 
s tudy on t h e  Yadkin-Pee Dee River  bas in ,  i s  an example of t he  type of 
use f o r  which t h e  system was s p e c i f i c a l l y  designed. The second i s  an  
example of how t h e  system can be used t o  ob ta in  genera l  d e s c r i p t i v e  
information.  The t h i r d  shows t h e  r e s u l t s  obtained by us ing  t h e  system 
t o  f i t  two watersheds ou t s ide  the  s tudy  area.  The fou r th  s e c t i o n  
in t roduces  an ex tens ion  t o  permi t  more d e t a i l e d  Plow s imula t ion .  

5.1. The Level B Study on the  Yadkin-Pee Dee River  Basin 
- - p e p - -  --- 

The U. S.  Water Resources Council i n  cooperat ion wi th  t h e  s t a t e s  o f  
North Carol ina and South Carol ina sponsored a  Comprehensive Water 
Resources Study of t h e  Yadkin-Pee Dee River Basin. This s tudy ,  more 
commonly r e fe r r ed  t o  a s  a  Level B s tudy  was undertaken dur ing  the  period 
1979-1981. O f  t he  90 Task Groups i d e n t i f i e d  i n  t he  Plan of Study, one 
(Task Group #3) was charged wi th  de te rmining  the  water  budget. 

According t o  t h e  Plan of Study: 

"The main o b j e c t i v e  of t h i s  t a sk  group w i l l  be t o  develop 
a  basinwide water q u a n t i t y  model f o r  use by dec is ion-  
makers i n  analyzing t h e  impact of water resource p r o j e c t s  
and programs on basinwide flow values.  S ince  the  budget 
must be responsive t o  8 v a r i e t y  of g o a l s ,  condi t ions  and 
p o l i c i e s ,  t he  use of a  mathematical s imula t ion  model w i l l  
be e s s e n t i a l . "  

NCSSARR was used a s  t he  mathematical  s imu la t ion  model. Because 
s imu la t ion  i n  t he  r i v e r  bas in  had previous ly  been l i m i t e d  t o  t he  North 
Carol ina por t ion ,  p r e c i p i t a t i o n  and s treamflow da ta  were obtained f o r  
South Carolina i n  o rde r  t o  extend the  s imu la t ion  t o  t he  e n t i r e  basin.  
Considerable e x t r a  e f f o r t  was made t o  ensure a  s a t i s f a c t o r y  f i t  of t he  
s t reamflow s t a t i s t i c s  f o r  e l l  t h e  da t a  t h a t  were ava i lab le .  A s  
ind ica ted  i n  Sec t ion  4.5, t h i s  e x t r a  e f f o r t  paid o f f  i n  a  g e n e r a l l y  
b e t t e r  s imula t ion  than  was obtained i n  ~ d j a c e n t  bas ins .  

Once the  sub-basin parameters  had been f i t t e d ,  t he  model was 
a v a i l a b l e  f o r  use. The s p e c i f i c  t a s k  a s  defined i n  the  Plan of  Study 
was t o  "Develop and Analyze Al t e rna t ive  F u t u ~ e s " ,  descr ibed a s  fo l lows:  



"Analyze f u t u r e  s i t u a t i o n s  inc luding  the  fo l lowing:  
a l t e r n a t e  growth p ro j ec t ions ;  v ~ r i o u s  pro jec ted  municipal 
water use needs; a l t e r i n g  lake  l e v e l  management schemes; 
impacts of proposed r e s e r v o i r s  on l o c a l  and regional. 
water resources ;  changing growth p a t t e r n s  and d i f f e r e n t  
water management schemesti' ' 

S imula t ion  o f  r e s e r v o i r  ope ra t ion  requi red  two b a s i c  s e t s  of  i npu t  
data:  t h e  s tage-s torage  r e l a t i o n  and the  r e s e r v o i r  ope ra t ing  ru l e s .  The 
s tage-s torage  r e l a t i o n  was r e a d i l y  a v a i l a b l e ,  and could be entered con- 
ven ien t ly  us ing  the  s tandard  SSARR format,  The r e s e r v o i r  ope ra t ing  
r u l e s  were not  a s  convenient,  however, and could not  reasonably be made 
t o  f i t  any of t he  SSARR formats.  It was decided t h e r e f o r e  t o  w r i t e  a  
s epa ra t e  subrout ine  f o r  t h e  opera t ion  of each r e se rvo i r .  The SSARR 
format  was modified t o  a s s o c i a t e  t he  r e s e r v o i r  wi th  t h e  corresponding 
subrout ine.  A s  t he  f low was being routed through the  r e s e r v o i r  each 
day, t he  subrout ine  had a v a i l a b l e  t he  day of t h e  year ,  i n f low,  
e l e v a t i o n  and s to rage ,  from which g r e a t  f l e x i b i l i t y  was a v a i l a b l e  i n  
s imula t ing  ope ra t ing  r u l e s .  

S imula t ion  of municipal  and o the r  water  demand required both t h e  
loca t ion  and amount of  t h e  d ive r s ion  and r e t u r n ,  i f  any. NCSSARR was 
a l r eady  designed f o r  t h i s  purpose, provided t h a t  t he  r a t e  of d ive r s ion  
was e i t h e r  a  cons tan t  o r  r e l a t e d  t o  t he  f low a t  t h e  point.  For some 
purposes,  e. g. i r r i g a t i o n ,  i t  would he d e s i r a b l e  t o  modify the  r a t e  of 
d ive r s ion  seasona l ly  and perhaps on an annual t r end ,  bu t  t h i s  would 
r equ i r e  a  modi f ica t ion  t o  SSARR t h a t  has  not  been made. Ins tead ,  f o u r  
groups of s imu la t ion  runs were made, one f o r  demands a t  1980 r a t e s ,  one 
f o r  demands a t  yea r  2000 p ro j ec t ions ,  one f o r  year  2000 p r o j e c t i o n s  
combined wi th  i r r i g a t i o n  d ive r s ions ,  and a  s e n s i t i v i t y  a n a l y s i s  t o  s tudy  
the  e f f e c t  of changes i n  d ive r s ions  and re turns .  Tn add i t i on ,  t he  
e f f e c t  of ope ra t ion  of a proposed nuc lea r  power p l an t  was s imula ted  f o r  
year  2000 p ro j ec t ions ,  both without  and wi th  i r r i g a t i o n  d ivers ions .  

Complete s imu la t ion  of the  bas in  required s imu la t ion  of twelve  
r e s e r v o i r s  (both e x i s t i n g  and proposed) and over twenty d ive r s ions  o r  
re turns .  Because of t h e  magnitude of the  s imu la t ion ,  t h e  bas in  was 
divided i n t o  seven s e c t i o n s ,  but  even w i t h  t h i s ,  s imu la t ion  would not  
have been f e a s i b l e  without  use of t he  s tored  f i l e s  f o r  s t reamflow f o r  
unregulated o r  unaffected a reas .  

Most o f  t h e  r e s u l t s  of  the  s imu la t ion  were obtained wi th  r e spec t  t o  
t he  frequency wi th  which flow was l e s s  than a  minimum value  such a s  t h e  
7-day 10-year low f low o r  a recommended ins t ream flow. The f i n a l  
r e s u l t s  have been t a b u l ~ t e d  by the  North Carol ina Department of Natura l  
Resources and Community Development, and w i l l  be presented i n  t he  f i n a l  
r epo r t  of t he  study, The reader  who i s  i n t e r e s t e d  i n  f u r t h e r  d e t a i l s  
should contac t  t he  Department. 



Tota l  Streamflow 

For a  v a r i e t y  of purposes,  an e s t i m a t e  of t he  t o t a l  f low from a 
r i v e r  bas in  i s  of i n t e r e s t .  Usu.ally, the  n e a r e s t  gaged poin t  i s  a t  some 
d i s t ance  upstream, so t h a t  f low from the  area  downstream from the  gage 
must be e s t ima tedo  Fur ther ,  t he  period of r e e o ~ d  of observa t ions  v a r i e s  
between gages,  s o  t h a t  comparison i s  o f t e n  misPeading, 

The s imu la t ions  performed i n  t h i s  s tudy  provide these  r e s u l t s  
conveniently.  A common 25 yea r  period of record i s  used, so  t h a t  t he  
r e s u l t s  a r e  e a s i l y  compared. It i s  recognized t h a t  t he  s imula ted  f lows  
f o r  sub-basins  n e a r e s t  t h e  coas t  a r e  untes ted  and t h e r e f o r e  should be 
used wi th  caut ion ,  bu t  t he  c o n t i n u i t y  of s imu la t ion  Prom t e s t e d  a r e a s  
f a r t h e r  inland t o  t he  ungaged a r e a s  provides a s  much j u s t i f i c a t i o n  of  
t he  r e s u l t s  a s  by any o t h e r  methodo 

There a r e  tabula ted  below t o t a l  f lows f o r  t h e  sirnufated bas ins ,  
e i t h e r  a t  t h e  coas t  o r  a t  o r  near  s t a t e  l i n e s ,  Since watershed borders  
do not  fo l low s t a t e  S ines ,  t h e  f low f i g u r e s  do not  n e c e s s a ~ i l y  imply a  
c e r t a i n  q u a n t i t y  of flow from one s t a t e  t o  another ,  

River  and l o c a t i o n  

Tar River a t  Washington 
Neuse River  a t  Fo r t  Point  
Cape Fear River  a t  Wflmington 
Waccamaw River  n r  OPyphic 
Lumber River  n r  P a i r  Bluff 
L i t t l e  Pee Dee River below Shoe Heel C r ,  
Pee Dee River a t  S. C o  s t a t e  l i n e  
Catawba River  t r i b u t a r i e s  
Sugar Creek n r  Po r t  M i l l  
Catawba River a t  Lake Wylie 
Broad River  i n  North Carol ina 
Savannah River  t r i b u t a r i e s  
Bew River i n  North Carol ina 
Watauga River  i n  North Carol ina 
Nolichucky River a t  Poplar  
French Broad River  n r  Pa in t  Rock 
Pigeon River a t  Waterv i l le  
L i t t l e  Tennessee River  a t  Tapoco 
Hiwassee River  i n  Georgia 
Nottely River  i n  Georgia 
Hiwassee River  a t  Apalachia Lake 

Area 
sq m i  

4 949- 1 977 
Average d ischarge  

c f s  acre- fee t , /y r  



5.3. Simulat ion - of  Unf i t t e6  Watersheds - - 
The NCSSARR watershed model was tes ted  on two watersheds i n  

V i rg in i a ,  Crab Creek and Brush Creek. Since these  watersheds a r e  v e r y  
sma l l ,  i t  was expected t h a t  t h e  r e s t r i c t i o n  of  us ing  on ly  d a i l y  r a i n f a l l  
da t a  would probably prevent a c c u r ~ t e  s imula t ion .  In s t ead ,  i t  was 
decided t o  s e e  how s a t i s f a c t o r y  t h e  model might be wi th  a  minimum o f  
f i t t i n g .  

Although the  t e s t  watersheds a r e  i n  V i rg in i a ,  and e x t r a p o l a t i o n  
cannot be assumed t o  be s a t i s f a c t o r y ,  i t  was decided t o  use t h e  n e a r e s t  
and most comparable florth Carolina watersheds t o  provide the  parameters ,  
and t o  f i t  t h e  mean observed f low by a d j u s t i n g  t h e  weight used f o r  t h e  
c l i m a t o l o g i c a l  s t a t i o n .  This seems t o  be a reasonable procedure, s i n c e  
e s t i m a t e s  of  mean f low a r e  widely ava i l ab l e ,  The North Carol ina water-  
shed used t o  provide the  parameters  was the  North Fork of t he  New River. 

Resu l t s  f o r  t he  two gages a r e  t abu la t ed  below. Considering t h a t  
only t h e  mean f low was f i t t e d ,  t he  r e s u l t s  a r e  s u r p r i s i n g l y  good. The 
weights used f o r  t h e  c l i m a t o l ~ o g i c a l  s t a t i o n s  were 0.66 f o r  Crab Creek 
and 1.00 f o r  Brush Creek. This r e f l e c t s  t he  unusual ly low runoff  from 
the  Crab Creek watershed. 

Standard S t a t i s t i c s  

Drainage Period Record S t a t i s t i c  
Area, o f  Leng t b  , 

Sq.mi. Record Nonths I? R A Y C C' 

1707 Crab Creek 
1.25 8/57-12/67 1 25 0.40 -0-02 0.77 0.57 0-77 0.77 

1308 Brush Creek 
1.40 8/57-6/67 4 19 0.20 -0e04 0 e 2 5  0.?2 0 1  0.85 

Monthly D i s t r i b u t i o n  

Nean Monthly Percentage o f  Annual 
Flow, end Deviat ion From Observed, X I  0 
cfsm J F r4 A M J J A S O N D  ........................................................................ 

I '107 Crab Creek 
obs 0.46 1 4 4  121 191 442 95 50 43 50 36 40 41 75 
s i m  0.45 -7 +23 -20 -29 -14 +2 0 -40 +3 +7 +9 +26 

1 308 Brush Creek 
obs 1.34 94 110 1 %  108 89 54 54 51 70 71 72 91 
s i m  1.25) +6 + I5  +4 +I -5 -5 -9 - I  9 -9 -1 -2 +17 



Plow Extremes 

Mean PIean Low Flow, c f s  Mean High Flow, c f s  
Flow, Duration, days Duration, days 

c f s  1 7 30 6 0  90 1 7 30 60 90 

1307 Crab Creek 
obs 0.56 0.01 0.14 0.96 0,18 0.49 8,1 P.0 1.6 1.2 1.1 
s i m  0.55 0.10 0.10 0.13 0.16 0,18 P.2 2,6 1.4 1.1 1.0 
1308 Brush Creek 
obs 1.87 0.14 0.56 0.71 0.R5 0.91 20 7.0 3.9 3.2 2.9 
s i m  1.80 0.34 0.35 0.44 0.55 0.60 26 8.3 4.2 3.3 7.0 

5.4. Hourlv Simulat ion 

NCSSARR was d e l i b e r a t e l y  developed us ing  d a i l y  p r e c i p i t a t i o n  d a t a ,  
p a r t l y  because these  a r e  t h e  only d a t a  gene ra l ly  a v a i l a b l e ,  and p a r t l y  
t o  reduce the  c o s t  o f  s imula t ion .  However, t h e r e  a r e  n e c e s s a r i l y  
s i t u a t i o n s  f o r  which the  d a i l y  s imu la t ion  i s  inadequate. A s  an example, 
t he  Level B s tudy  of  t he  Yadkin-Pee Dee River bas in  included a s tudy  of 
flood problems i n  s m a l l  urban watersheds, The s imu la t ion  us ing  JTCSSARR 
provided only  d a i l y  average peak f lows ,  and the  a c t u a l  peaks could be 
expected t o  be cons iderably  higher .  

Another ve r s ion  of t h e  program was t h e r e f o r e  developed. This  ver-  
s i o n  pe rmi t s  processing of hourly p r e c i p i t a t i o n  da t a ,  thus  providing a  
s imu la t ion  f o r  much s h o r t e r  t ime i n t e r v a l s .  In  o t h e r  r e spec t s ,  i t  
opera tes  i n  e x a c t l y  the  same fash ion  a s  NCSSARR. 

Only a  l i m i t e d  amount of experience has been gained wi th  t h i s  
vers ion ,  bu t  one s e r i o u s  d i f f i c u l t y  has  been found. The va lues  i n  t h e  
t a b l e  r e l a t i n g  the  s o i l  moisture index t o  t he  runoff percentage were 
obtained us ing  d a i l y  p r e c i p i t a t i o n  data.  Although r a i n f a l l  i n t e n s i t y  i s  
one of the  parameters ,  t he  i n t e n s i t y  obtained from the  d a i l y  da ta  bea r s  
l i t t l e  resemblance t o  t h e  a c t u a l  i n t e n s i t y .  How much d i f f e r e n c e  t h e r e  
is  would depend on the  storm c h a r a c t e r i s t i c s ,  bu t  i t  i s  a lmost  c e r t a i n l y  
g r e a t e r  i n  t he  summer than i n  t he  winter ,  In  any case ,  t h e  va lues  i n  
t he  t a b l e  w i l l  have t o  be modified ex tens ive ly  t o  ob ta in  the  same kind 
of f i t  a s  was obtained with t h e  d a i l y  da t a .  

It may be hoped t h a t  a s  a d d i t i o n a l  experience i s  gained wi th  t h i s  
vers ion ,  a  means may be found by which the  t a b l e s  may be r e l a t ed .  
Otherwise, i t  w i l l  only be poss ib l e  t o  use the  hour ly  ve r s ion  a t  
l oca t ions  where t h e r e  is  streamflow and hourly p r e c i p i t a t i o n  d a t a  
a v a i l a b l e  f o r  f i t t i n g  the  tab les .  
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APPRPDIX A 

TAR RTVER RASTV 





Standard  S t a t i s t i c s  

Drainage Per iod  Record S t a t i s t i c  
Area, o f Eeng t h  , 

Sq.mi. Record Nonths n R A Y C C' ......................................................................... 
02081 500 Tar  R i v e r  n r  P a r  R i v e r  l ~ i v e r s i o n  15) 

167 9 /49-12/77 300 0.08 -0000 0.26 0.39 0.92 0.92 
02081800 Cedar Cmek n r  kouj s b u r  

47.8 10/56-12/79 207 0.88 0.00 0.25 0.74 0.8P 0.88 
02082000 Tar R i v e r  n r  N a s h v i l l e  

70 1 9 149-1 2/70 264 0.08 -0.01 0,22 0.70 0.93 0.94 
02082500 Sa on Creek n r  N a s h v i l l e  

64.8 4/$0-5/70 260 0,15 -0.00 0.70 0.44 0.91 0.91 
02082770 Swif t  Creek a t  Will i a r d s t o n  ( ~ i v e r s i o n  4@) 

163 8/67-9 2/73 4 25 -0.10 0.06 0.31 0.42 0.84 0.85 
02082950 L i t t l e  P i s h i n  Creek n r  White Oak 

175 1 O/59-1 2/73 771 0.08 -0.61 0.77 0.67 0.69 0.72 
02083000 F i s h i n  Creek np E n f i e l d  

521 1 /49-1 5 /77  100 0.10 0.04 0.70 0.46 0.F2 0.85 
02083500 Tar  River  a t  T a ~ b o r o  

21 40 9 /49-12/73 300 0.07 -Oo09 0.22 0.71 0.93 0.97 
02083800 Conetoe Creek n r  Be the l  

78.1 12/56-42/73 205 -0.05 0.01 0.28 0.45 0.89 0.89 

Monthly D i s t r i b u t i o n  

Mean Monthly Percen tage  o f  Annual 
Flow, and Devia t ion  From Observed, x10 
cfsm J P M A M J J A S O I V D  ........................................................................ 

02081 500 Tar  River  n r  Tar  River  
obs  0.90 'I18 177 164 4 1P 74 50 39 56 24 42 59 84 
s i m  0.89 +9 0 +44 +I2  96 - 1 4  -9 -19 -2 + I  -2 + I  

02081800 Cedar Creek n r  Eouisburg 
obs  1.04 96 444 124 119 89 73 57 54 76 54 62 91 
s i m  1.04 -9 -6 "5 -4 99 -7 0 +I +I?  +R -5 -9 

02082000 Tar  River  n r  N a s h v i l l e  
obs  0.94 1 'I7 951 161 121 89 56 50 60 78 39 52 74 
s i m  0 . 9  -4 4-4 + 4 4  0 +? -9 -4 -3 +4 -1 -3 +2 

02082500 Sapony Creek n r  N a s h v i l l e  
obs  0 . 9  124 170 185 107 56 47 40 64 43 51 37 81 
s i m  0.99 +9 +16 -5 -'I2 -4 -1 1 -3 +I +2 -5 -1 +I2  

02082770 S w i f t  Creek a t  H i l l i a r d s t o n  
obs 0.89 96 159 439 116 79 68 52 49 26 69 56 90 
s i m  0.86 +I7  -16 + I 1  -14 +18 +2 -4 -5 + I  6 -12 -2 -10 

02082950 L i t t l e  F i s h i n  Creek nr White Oak 
obs-  009? 108 169 $51 108 66 61 42 52 27 86 49 85 
s i m  0.92 +75 - 4  1 +22 912 +I3  -19 -1 4 -8 +I0  -22 0 -1 1 

02083000 F i s h i n g  Creek nr R n f i e l d  
obs  0.89 712 150 151 145 82 57 48 61 77 54 51 86 
s i m  0.90 197 +9 929 +7 4-1 1 -6 -5 -9 -1 -18 -9 -14 

02083500 T a r  Rfver  a t  Tarboro 
obs  1.01 145 156 164 115 74 49 47 62 45 46 76 
s i m  7-00 4-2 -1 +7 +t +a - - -4 -2 5;  -1 -1 

02083800 Conetoe Creek n r  Be the l  
o b s  1.09 1 1 1  165 957 97 63 79 51 88 45 79 39 65 
s i m  1.10 +I7 +23 116 972 -5 -4 -1 9 -27 -8 -22 -1 + I4  
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CB0761 705 030 &$KJ 7 00Fi089 "i 2 7 3 20 
CEO461 301 070 

DA4 n 
765071 CK; 

CB0161~01720 8 2 CE3AR @??EEK 
CB0264 304 920 47.8 4 d02 2061 10000 4 0088400 
CB0369 701 320 P400 9988Sj85 5 'ID 20 20 70 
CB0461301320 ?y 27? co 

Pap1 Ti' 



POI K 
CBOI 61 301 420 
CB0261701420 
CB0769 301 420 
CB0469 304 420 

?Cl E 
CBOI 61 701 690 
CB0261301690 
CR0761101693 
CB046lg01690 

P02A 
CB0162 302220 
CB0261732220 
CBO36'130222i3 
CB0461302220 

P02B 
CB016 1 703 2 20 
CB0264 3021 20 
CB0364 3021 20 
CB046q 3021 20 

m2c 
CB0169 702020 
CB0269 702020 
CB0364 702020 
CR0469 702020 

P02D 
CEO9 69 302090 
CB0261302090 
CBO?; 6 1 702090 
CB0464 302099 

P02E 
CB0161502: 90 
CB02613024 90 
CB036130219 
CB04613029 90 

P02F 
CB016130249C) 
CB0269302490 
CB0361?02490 
~ ~ 0 4 6 7  ~ixwm 

FO2G 
CB0164 302390 
CB0261302790 
CB0769 302790 
CB0461702790 

PO3A 
CB01 61 704520 
CB0261304520 
CR0764 304520 
@I30469 304520 

PQTB 
CB04 61 304430 
C50261304490 
CB0361304490 
CEO461 304490 

POT 
CB0161704530 
CB0261304590 
@I30361 304590 
CB0461304590 

PO% 
CB0161 104620 
CB0261704620 
CB0369 704620 
CB0464 704620 

F 2 9A?8!lT CREEK 
64.8 2 3 602 32ii r 10000 I m8400 

M90 I 0.38089 0 1 5 15 26 LO 
760441 GO 

6 2 OED SFMmA WCAL 
44 2 502 430: 10009 4CX)Ofi4-(?0 

FVlOO 5008083 0 S 5 20 30 5C9 
585037 OG 



F 2 F131-IlPiG SREFK 
421 d 242 1201 \COO0 :00084015 
Q'lOG 4 00PD89 1 2 5 9 5 20 40 
3796cjl00 



://IIL EXEC RELEASE, PARN=TARBASI , COND= (4, W) 
// 

Continuation - of Sub-basin Simulation: -- Run 1 

/ / T A R . ~ ~  JOB FCS. BAE. B4399 ,WISER % = A ,  T=z, TFYPRUhT=HOLD 
//*PROCEIB=hrCS. BAE. I2025 .I?ISW. SS~LIB 
'/I - EXEC CONT , RASIN=' TAR ' , DISK= ' YBAEDB ' 
//G. SYSIN DD * 

ER 

F 
//RL EXEC RELEASE, PARM=TARBA82, COm= (4, LE) 
// 



Run 2 -- 
//TmAS2 JOB FCS. BAR R4799, WTSER , N=I T=2, ~ypRUlT=HOLD 
//*PRCCLIB=NCS. BAE. f 2025. WISER, S:~ARET$ 
// RRXE@ COWT, BASIN= "TAR , I)TSK= 'FBLEDB ' 
//e,smu DD * 
JOB 02'13 4 4 1 TAR RI'VER 
P 6'1 702020 

//TAFBAs~ 968 NCS RAE. B47i9'9 MISKI?, F4=1 , T=2, TYPRUN=HOLD 
//*mcux~=mca~ BAE. n202ej.wr$a~. S S ~ E T R  
// FREC CgNT, BASIN= 'TAR ' , DISK= ' FfWDB ' 
//G.SYSEN DE 
JOB 0277 1 A 4 TAR RIVER 



Simulation - of Swnming Points, Reaches - and Reservoirs: -- Run 1 

7 7 ~ .  SYSIN DD 
JOB 021 3 
ccoi 71 301 r 00 
CR0171304 'I 80 
CR0271301180 
CC0171~01200 
CR0171701280 
CR0271309 280 
CCOI 7'9 301 300 
CR0171301 z80 
CR0271301380 
CCOI 71 301 400 
CR0171301480 
CR0271301480 
CCOI 71 309 500 
CCO1 71 301 600 
CR0171701680 
CR0279301680 
cco9 71 301 700 
P 61 301020 

1 TAR RIVER 
TAR RIVER ISEAR WILTON 
TAR RIVER 

10 800 
TAR RIVER IiJEAR HI.=ND3BSOB 
TAR RIVER 

20 m 
TAB RIVER AT LOUISBU9G 
TAR RIVER 

4 -100 '350 
TAR RIVER BELOW CEDAR CREEK 
TAR RIVER 

1 -20  150 
TAR RIVER BELOW CROOKED CREEK 
T.4R R I W  NEAR SPRNG HOPE: 
TAR RIVER 

1-200 150 
TAR RIVER NEAR SPRING HOPE 



7 ~ R L  EXEC REEA SF, PAR?.1=TARSUM2 COND= (4, IF) 
// 

Run 2 -- 





Run 4 -- 
//TARSUM4 JOB NCS .3E. 84799, WTSER , V=4 , T='I , TYPRUlT=HOLD 
//*PROCLIB=lJCS. BAR. X202~,141SEE. SSARLIR 
/ / EXEC CONT , BASIN= TAR ' DISK= %r\113AE'9>R ' 
//@. FT27 DD ER=&'l'W, UJ!TIT=S'ilSE)A, SPACE=(TRK~ 72) DISP=(, DELETE) , 
// D$B==~RFCFM=F, RIIKSIZR=~~R~, LREcL=~&M) 
//@.SYSIN DF 

1 4, 1 TAR RIR3R 
TAR RIVER 

1-300 60 
TAR RIVET? AT OLD SPARTA 
TAR RIVER 

1-300 60 
TAR RIVEXI YEAR FALKLAND 

CROS 71 ?05080 
CR0271305080 
CC01713059 00 
CR01717054 80 

TAR 
3-300 

Trn 
TAR 

1 -300 
TAR 

RIVER 
60 
RIVER 
R I r n  
60 
RI w 

NEAR WASHINGTON 

AT WOE'H 

;//RE EXEC RELEASE, PARX=TAREAST, CO~TD= (4, EE) 
// 

Deletion of Character is t ic  F i l e  - 7 

//TARLAST JOB 1ICS. BAE, B4799, WISER,FH, T=l ,'s"YPaUN=HOLD 
//*?RO@LIB=NCS. BAE. 12025. WISER. SSARLIB 
/ EXEC l?GIVj=MSG. REGION=4OK 
//AX -Dn DsN=@E~RAcT~ TAR9 

~?IT=J)ISK, VOE=SFR=EJBAEDB, DISP=!OLD, DELETE) 
EXEC PGM=READSCB, RBGIOP40K 

//sTRPEIB DD DS)SN=N@S RAE, 12025. WISER* HISVL, DISP=SHR 
//SYSI?RTTT DD SYSO79T=A 
//DA DD UNI$=DISK, VOL=SEX=NBAEDB , mSP=SHR 
/$SYSIES El 
NRARDR SWUTF:. TAR 
9* 





SCALE , miles 





REUSE R I V E R  BASIN 





REUSE RIVER BASIN --- 
COMPARISON OF SIMULATED AN?? OBSERVED DATA 

Standard S t a t i s t i c s  

Drainage Period Record S t a t i s t i c  
Area, o f Length, 

Sq.mi. Record Months D R A Y C C '  

Eno River a t  Hi l l sborou  h 
1 /49-9/7l 273 0.55 -0.0: 0.27 
Eno River  n r  Durham 
9/63-12/77 124 0.13 0.01 0.74 
L i t t l e  River  n r  Orange Fac tory  
9/61-42/73 148 0.15 0.01 0.54 
F l a t  River a t  Bahama 
1 /49-12/73 500 0.15 0.00 0.25 
Dial  Creek n r  Bahama 
1 /49-9/71 273 0.33 0.02 0.73 
F l a t  River  a t  dam n r  Bahama ( ~ i v e r s i o n  1 
1/49-9/5s 129 -0.18 0.12 
Neuse River n r  Northside ( E v e r s i o n  O *  1 q  39 
1/49-12/77 300 4 - 0 5  0.00 0.26 
Feuse River  n r  Clayton 
1/49-12/77 700 -0.08 -0.00 0.22 
Middle Creek n r  Clayton 
1 /49-12/73 300 0.10 -0.02 0.29 
L i t t l e  River  n r  Kenly 
8/64-9 2/73 1 13 0.03 0.01 0.27 
L i t t l e  River  n r  Pr ince ton  
1/49-12/73 300 -0.05 -0.02 0.26 
Neuse River n r  Goldsboro 
1/49-12/73 700 -0.05 -0.00 0.21 
Neuse River a t  Kinston 
1 /49-12/73 300 0.05 -0.00 0.21 
Contentnea Creek n r  Lucama 
10/64-12/73 1 1 1 0.03 -0.01 0.23 
Contentnea Creek n r  Wilson ( ~ i v e r s i o n  2q 
1 149-9/54 69 -0.15 0.11 0.32 
Turner Swamp n r  Eureka 
7/68-12/73 66 0.15 -0.04 0.45 
Nahunta Swamp n r  Shine 
4/54-12/73 237 -0.08 0.07 0.16 
Contentnea Creek a t  Hookerton 
1 /4~-12/77 300 -0.03 0.00 0.26 
L i t t l e  Contentnea Creek n r  Farmvil le  
10/56-12/77 207 -0.10 -0.02 0.39 
Swift  Creek n r  Vanceboro 
2/50-12/77 287 -0.10 -0.01 0.72 
Trent River n r  Trenton 
1157-9 2/77; 276 -0.08 0.00 0.35 



Monthly D i s t r i b u t i o n  

Mean Monthly Percen tage  o  
Flow, and Devia t ion  From Obs 
cfsm J F M  A M J J ................................................. 

02085000 Eno R ive r  a t  Hi l l sborough  
obs  0.P4 117 168 171 133 87 47 43 
sirn 0.81 -6 -11 -2 -6 +13 +9 +4 

02085070 Eno R ive r  n r  Durham 
obs 0.85 91 173 156 112 93 75 57 
s l m  0.86 +I3  -71 -3 + I6  +16 -7 0 

02085220 L i t t l e  River  n r  Oran e F a c t o r  
obs 0.86 I14 175 164 11% 69 X3 52 
sirn 0.87 +2 -8 + I 1  + I5  +16 -13 -25 

02085500 F l a t  River  a t  Bahama 
obs 0.90 113 167 167 126 70 50 42 
s i m  0.90 -3 -14 -4 +5 +21 0 -8 

02086000 D i a l  Creek n r  Bahama 
obs 0.83 117 159 178 130 74 60 58 
sirn 0.85 +3 +2 -4 +4 +13 -15 -27 

02086500 F l a t  R ive r  a t  dam n r  Rahama 
obs 0.80 119 151 181 143 73 51 46 
s i m  0 .89 -9 -14 -15 -8 + I 7  -1 0 

0 
O N D  

02087000 
obs 0. 

~ e u s e - ~ i v e r  n r  S ~ o r t h s i d e  
91 115 172 170 126 75 
92 -7 -21 -5 +8 +21 
Neuse River  n r  Clayton 

98 113 158 156 116 78  
98 -7 -11 +6 + I 0  + I 9  
Middle Creek n r  Cla t o n  

17 112 150 149 167 71 
I 5  -5 -6 -4 +6 +22 

L i t t l e  River  n r  Ken1 
91 108 177 157 105 65 
92 -10 -8 -4 0 +7 

L i t t l e  River  n r  P r i nce ton  
09 117 156 162 106 68 

sirn 0. 
02087500 

obs  0. 
sirn 0. 

02088000 
obs  1. 

sirn 1 
02089000 

obs  1 

.07 -9 -5 -7 + I 0  +20 
Neuse River  n r  Goldsboro 

.05 117 150 162 113 72 

.05 -8 -6 +1 +8 +23 
Neuse River  a t  Kinston 

.06 110 147 161 114 74 
-06  -6 -1 +4 +7 +21 

Contentnea Creek n r  Lucama 
.96 107 180 158 106 61 
-96  0 -13 -3 +3 -27 

Contentnea Creek n r  Wilson 
1.78 168 142 205 110 67 . - -  

sirn 0.86 -32 -10 -15 -1 -34 
02090625 Turner  Swamp n r  Eureka 

obs  0.99 102 160 144 150 69 
sirn 0.95 +7 +18 +34 -8 +41 

02091 000 
obs  1 

* - 
Nahunta Swamp h r  Shine 

. I 0  107 140 137 102 58 
- 1 4  +7 + I 2  +24 +8 + I  1 

51 78 
-8 -17 

t on  
44 59 
-2 -1 

Farmvi l l e  
I 50 74 

-5 -22 

sirn 1 
02091 500 

obs 1 
- dontentnea-creek a t  Hooker 
.03 113 140 165 106 65 
.03 + I  +6 +7 +9 + I6  

L i t t l e  Contentnea Creek n r  
.28  127 169 147 96 50 
.26 + I z  -16 +20 + I 4  +I 1 

sirn 1 
02091 700 

obs  1 
s i m  1 



Monthly D i s t r i b u t i o n  ( c o n t  ' d )  

Mean Monthly Percen tage  o f  Annual. 
Flow, and Devia t ion  From Observed, x10 
cfsm J F IT A M J J A S O H D  

02092000 S w i f t  Creek n r  Vanceboro 
obs  1.12 123 140 146 91 52 42 86 75 76 74 39 65 
s i m  1.12 + I 8  +22 +26 +7 -2 -9 -22 -5 -21 1 -6 +6 

02092500 T r e n t  R i v e r  n r  Trenton 
o b s  1 .18 118 135 149 84 51 90 86 69 50 42 68 
s i m  1.18 +8 +22 + I 7  + I 7  +8 -19 -25 -16 +7 -9 -2 

Flow Ext remes  - 
Mean Mean Low Flow, c f s  Mean High Flow, c f s  
Flow, Dura t ion ,  days Dura t ion ,  

c f s I 7 %0 60 so I 7 30 90 ........................................................................ 
02085000 Rno R i v e r  e t  Hi l l sborough  (DV < . 4  c f s )  
obs 56 1.8 2.6 4.7 6.8 8 .9  1100 360 170 130 110 
s i m  54 1 , 5  1 . 7  7 .7  5.9 8.Z 1100 770 160 120 110 
02085070 Eno River  n r  Durham 
obs  120 7.7 6 .7  7.P 13 20 2300 790 350 260 230 
s i m  120 7 , 6  4.6 7.2 17 18 2000 630 720 250 220 
02085220 L i t t l e  R i v e r  n r  Oran e  F a c t o r y  
obs 70 1 ,7  2.0 7.5 g.0 R.5 1600 490 220 170 140 
s i m  71 1 .5  1.7 3 .0  4.9 8.1 1700 450 220 170 140 
02085500 F l a t  R iver  a t  Rahamn (LR) 
obs  140 7.7 4.6 7.0 12 1 8  3400 960 420 320 280 
s i m  140 4.9 5.4 4.2 15 27 2900 PI0 390 510 260 
02086000 Dial  Creek n r  Rahame 
obs  3.9 
s i m  4.0 
020P6500 
obs  I A0 
s i m  150 
02087000 
obs  480 
s i m  4;PO 
02087500 
obs 1100 
sirn 1100 
02088000 
obs  94 
s i m  33 
02088470 
obs  1 70 
sirn 180 
02088500 
obs  250 
sirn 250 
02089000 
obs  2500 
sirn 2500 
02089500 
obs  2800 
sirn 2800 
02090Z80 
obs 150 
sirn 150 

.oo .02 . I 2  .12 -54  
- 0 7  - 0 8  .15 .28 .A9  

F l a t  R iver  a t  dam n r  Raham? (RG,  
3.5 4.0 6.5 g.7 14 
6.2 6 .  12 20 70 

>Teuse R i v e r  n r  B o r t h s i d e  (RG,DV 
30 35 49 66 83 
2 2 2 5 42 66 93 

Neuse River  n r  C l ~ y t o n  (RT 2-8 c 
120 130 190 240 240 
85 96 140 200 270 

E'Tiddle Creek n r  Clayton 
2.6 4.2 P.5  17 19 
2.7 5.2 6.3 1 1  1 8  

L i t t l e  R iver  n r  Kenly (LR)  
8.5 9.5 l 7  70 39 
7.P 9.1 17  25 79 

L i t t l e  R iver  n r  P r i n c e t o n  (LR) 
12 16 24 78 441 
12 1 4  26 41 

Neuse R i v e r  n r  Goldsboro 
5 9 

250 280 400 540 660 
I90  210 320 470 620 

Neuse River  a t  Kinston 
370 410 540 690 830 
220 250 780 550 720 

Contentnea Creek n r  Lucama 
4 .8  6.0 10  17 26 



F l o w  Extremes (cont 'd)  - 
Mean !lean Low Flow, c f s  Mean High Flow, c f s  
Flow, Dura t ion ,  days  Dura t ion ,  d.ays 

c f s 1 7 30 60 90 1 7 70 60 90 

02090500 Contentnea Creek n r  Wilson (LR,CV 3.6 c f s )  
obs 180 2.3 5.4 12 19 1900 1200 590 470 H60 
s i m  200 9.e 22 30 45 1800 1100 540 420 760 
02090625 Turner  Swamp n r  Eureka 
obs  2.2 .48 .51 .63 .78 .98 3 1 12 5.9 5.0 4.6 
s i m  2.1 .18 .21 .35 .45 .51 70 9.1 5.9 5.0 4.6 
02091000 Nahunta Swamp n r  Sh ine  
obs  86 7.6 8.9 14 19 25 1000 500 270 190 160 
s im 88 6.6 7.4 12 17 22 680 490 270 210 180 
02091500 Contentnea Creek a t  Hookerton 
obs 750 63 71 100 140 190 4000 7400 2000 1600 1400 
sirn 750 52 60 91 130 180 4700 3300 2100 1700 1400 
02091700 L i t t l e  Contentnea Creek n r  F a r m v i l l e  
obs  120 1.4 2.0 5.1 10 17 1300 790 390 290 250 
s i m  120 1.9 2.6 6.0 11 20 870 650 360 280 240 
02092000 S w i f t  Creek n r  Vanceboro 
obs  200 2.7 7.5 6.5 16 25 2100 1600 720 520 420 
s i m  200 3.8 5.0 13 21 57 1600 1200 680 520 450 
02092500 T r e n t  R i v e r  n r  Trenton 
obs  200 5.0 5.8 10 20 72 2100 1400 660 500 420 
s i m  200 4.4 5.6 13 26 37 1700 1300 680 540 440 

S p e c i a l  S i m u l a t i o n  

02086000 D i a l  Creek a t  Bahama 

02090625 Turner  Swamp n r  Rureka 



l l e  

~ e h s e  River 
nr Durham 

Y Neuse River 
nr Northside 

Neuse River 
at  Falls 

Neuse River 
a t  Neuse 

Heuse River 
(1 029 below Cvabtree Creek 



Neuse River 
n r  Clayton 

,& [ Neuse a t  Smi River thf ie ld  
J Middle 
3 Creek 

(1 

Neuse River 
n r  Smithfield 

Creek 

Neuse River 
n r  Stevens M i l l  

Neuse River 
( nr  Strabane 



X J05 Neuse River 
(25727 7 nr Strabane 

Neuse River 
a t  Fort Point 



Contentnea Creek 
- 

I nr Scuffleton 

Little 
Contentnea Creek 
nr Farmville 

Little 
Contentnea Creek 
at Scuffleton 

XJ07 Contentnea Creek 
(1012) nr Quinerly 

$-lo 



SINKGATION JOB CONTROL 

1nitia. t ion of Sub-basin Simulation - 
//NUSINIT JOB ITS. BAE. 334799 WISER, T=1 M=l 
//*PROCLIB-NCS. BAE. 12025. W I ~ E R .  SSARLIB 
// EXEC PGM=KkG. REGION=40K 

JOB 0209 13 I PIEUSE RIVER 
JOl A 

8 2 EN0 RIVER 
151 4 302 150110000 1000840 

8400 I008089 I 2 5 10 15 70 
3251 51 O33555loO 

8 2 LITTLE RIVER 
105 4 1302 1501 10000 1 OOO84oO 

€3400 1008089 1 2 5 10 15 30 
574991 00 

8 2 FLAT RIVER 
167 4 352 175115000 1000W00 

8400 1008089 1 2 5 15 20 40 
374991 003751 61 00 

8 2 FATRNTOSH LOCAL 
6 4 52 301 10000 10008400 
W00 1 OO8089 1 2 5 20 30 50 
3251 51 00 

. 8 2  FJILLARISVILLF: LOCAL 
7 4 52 301 10000 10008400 
8400 1008089 1 2 5 20 30 50 
574991 00 

8 2 KNAP OF REED3 CREEK 
49 4 402 2001 1 0  10008400 
8400 1008083 1 2 5 20 '30 50 
3251 51 GO365071 00 

8 2 NORTHSIDE LOCAL 
48 4 302 1501 10000 1 0008400 
8400 1008089 1 2 5 2 0 3 0  50 
3251 5100 

8 2 CREXDMOOR LOCAL 
90.5 4 402 20n110000 1 ooO13400 

WOO i m m m  1 2 5 20 30 50 
3251 51 00 

8 2 BEAVFRDAM CREEK 
52.5 4 502 2501 10000 10008400 

8400 1008089 1 2 5 20 70 50 
3650?lOO 

8 2 BAYLEAF LOCAL 
94 4 302 150110000 10008400 
8400 10080F3g 1 2 5 20 30 50 
76091 100 



8 2 FALLS LOCAL 
20 4 202 1 001 10000 100011400 991 0288400 
8400 1 008089 2 2 5 20 30 50 60 70 90 I6 

8 2 CRABTREE CREEK 
146 4 1 402 7001 10000 1 000P400 991 0288400 

8400 1008089 1 2 5 2 0 3 0 5 0  6 0 7 0 9 0  16 
370691 00370741 00 

8 2 WALNUT CREEK 
46 4 402 2001 10000 10008400 991 01 58400 
8400 1 008089 '1 2 5 20 30 50 60 70 90 16 
370741 00 

8 2 CLAY!PON LOCAL 
66 4 202 1001 10000 10008400 991 01 58400 
8400 1008089 1 2 5 15 25 40 60 70 90 16 
770741 00379941 00 

SWIFT CREEK 
1 58 ? :502 7501 1 0000 1 0008400 991 01 58400 

8400 1008089 1 2 5 25 35 50 60 70 90 16 
370741 00378941 00 

8 2 SMITHFIELD LOCAL 
72 2 502 1001 10000 10008400 991 01 58400 

8400 1 O(78O89 0 1 5 15 25 40 60 70 90 16 
379941 00 

8 2 STEVENS T'ITLL LOCAL 
112 2 1002 200110000 10008400 991 01 58400 

8400 1008089 0 '1 5 15 25 40 60 ?O 90 16 

8 2 MIDDLE CREEK 
124 4 1202 6001 1 0000 1000fW9 991 01 58400 

MOO 1008089 1 2 5 70 40 60 60 70 90 16 

8 2 BLACK CREEK 
97 2 5002 10001 10000 10008400 991 01 5%01 
8400 1008089 0 1 5 20 30 50 60 70 90 
379941 00 

8 2 MILL CREEK 
187 2 9502 19001 10000 10008400 991 01 58400 

8400 1008089 0 1 5 10 15 70 60 70 90 16 

8 2 THOROUGHFARE WAMF' 
1 1 9 2 6002 1 2001 10000 1 0008400 991 01 58400 

8400 loo8089 0 1 5 10 15 30 60 70 90 16 

8 2 GOLESSOR0 LOCAL 
61 2 502 1001 10000 10008400 991 01 58400 
8400 lOO8O89 0 1 5 10 15 30 60 70 90 16 
3351 01 00 



8 2 SEnY SPRINGS LOCAL 
122.5 2 1002 200110000 10008400 

8400 1 008089 0 '1 5 10 15 30 

8 2 REAR CREEK 
630 5 2 3202 6401 10000 10008400 
W00 1008089 0 1 5 10 15 30 
3351 01 00 

8 2 FALLIMG CREEK 
49.9 2 2502 500910000 lOOOF3400 

8400 1008089 0 1 5 40 15 30 
346841 00 

8 2 PALLING CREEK LOCAL 
67.1 2 502 1001 10000 4000t3400 

8400 1 008089 0 1 5 10 4 5 
346841 00 

CB0160905690 8 2 KIPSTON LOCAL 
CB0260905690 20.4 2 252 50110000 10008400 
CBO?60905690 8400 1008089 0 I 5 10 15 
CB0460905690 -Am-- 346841 00 

JO>J 
CROI 60905720 8 2 ?KWBYS CREEK 
CB0260905720 45.7 2 2302 4601 1 O W  10008400 
CB0760905720 WOO 1008089 0 1 5 10 15 
CB0460905720 ?4684100 
;105K 

~ ~ 0 1  60905790 8 2 GRAINGEIRS LOCAL 
CR0260905790 67.3 2 '1 002 2001 10000 1 OW84CO 
CRO?60905790 P400 1008089 0 1 5 10 15 
CBQ350905790 346841 00 

JUbA 
CB0160905170 8 2 LITTEE RIVER 
CB0260905130 1 32.4 4 4 302 6501 1 0000 1 0008400 
CBO760905130 8400 1 008089 2 5 10 20 30 
CB0460905130 

.Tn6R 
36091 100379941 00 

~ ~ 6 % 6 9 0 5  I 20 8 2 BUFFALO CREEK 
CB02609051 20 55.6 4 602 3001 10000 1 0008400 
CB0360905120 8400 1008089 2 5 10 20 30 
CR0460905120 

Tncn 
76091 100379941 00 

CEO1 60907020 8 2 M?CCASIR CREEK 
CB0260907020 81.6 4 802 4001 I0000 1000W00 
CB0760907020 991 01 58400 

WOO 1 oO8O89 0 1 5 20 90 50 60 70 90 16 
CB0460907020 351 231 00?79941 00 

J07B 
CREEK 

1 0008400 991 01 58400 
5 2 0 7 0 5 0  6 0 7 0 9 0  16 



CEO1 60907690 
CB0260907690 
CB0360907690 
CB0460907690 

J07K 
CBOI 60907790 
CB0260907790 
CB0360907790 
CB0460907790 

J07L 
CBOI 60907590 
CB0260907590 
CB0360907590 
CB0460907590 

J07M 
CBOI 60907420 
CB0260907420 
CB0360907420 
CB0460907420 

J08A 
CB0160908190 
CB0260908190 
CBO360908190 
CB0460908190 

J08B 
CB0160908120 
CB0260908120 
CBO760908120 
CB04609089 20 

8 2 TOISNOT 3ItI,W 
1 22 2 61 02 1 2201 1 0000 1 000MKl 

8400 1008089 0 1 5 10 15 
794761 00 

8 2 h,IL?nT\! LOCAL 
100 2 1W2 2001 10000 100084Nl 

WOO 1008089 0 1 5 10 15 
794'964 00 

8 2 BLACK CREEK 
107 2 5402 10801 10000 10008400 

8400 1008089 2 5 10 10 15 
3351 01 00794761 00 

8 2 STANTONSBURG LOCAL 
27 2 252 501 10000 10008400 
8400 1 008089 0 1 5 10 9 5 
39476 1 00 

8 2 HOOKERTON LOCAL 
I 40 2 I 002 2001 I oocn 1 OOOPWI 

8400 1008089 0 1 5 10 15 
7351 04 00346841 00 

8 2 GRIPTON LOCAL 
51 2 502 4001 ' r 0 0  10008400 
8400 lCQ8O89 0 1 5 10 15 
346849 00 

8 2 SCUFFUTOPII LOCAL 
78.7 2 I502 3001 10000 10008400 

WOO 1008089 0 1 5 10 9 5 
336781 00 

8 2 CROWIT LBPTS)IWG LOCAL 
62.8 2 502 1001 1 0000 10008400 991 01 58400 

8400 1008089 0 1 5 10 15 70 80 90100 16 
74684 1 00 

8 2 CORE CREEK 
67.2 2 3402 6801 5 0000 10008400 991 01 58400 

8400 1008089 0 1 5 1 0 1 5 7 0  8090100 16 

8 2 J!RW BERN LOCAL 
31-4 2 1002 200110000 10008400 991 01 58400 

8400 9008089 0 1 5 90 15 70 80 90100 16 
361 031 00 



8 2 SWIFT CRRRK 
108 2 5402 10801 10000 1000f?400 

RrCOC, 1008089 2 5 10 5 10 
776781 GO 

8 2 STREETS FERRY LOCAL 
152 2 1802 20011 O M  1 0008400 991 01 58400 182 

8400 1008089 0 1 5 5 1 0 2 0  FK)90100 16 Z 0 
364 051 00391 001 00 

/* 
//RL EXEC RELEASE, PARM=WSBAS 1 , CONB= ("4, LE) 
// 

Continuation of Sub-basin Simulation: Run 1 - -- 
//NUSBASI JOB hrCS a RAE. B4399,FIISF3 ,T'I=1, T-7, !FYF3PRUN=HOLD 
//*PROCLIB=~~@S. RAE. 12025. WISER. SSAREIR 
// EXEC CgNT, BASIN= ' JEUSE' , DISK= ' NBAEDB ' 
//G.SYSIEJ Dn 
JOB 0209 9 4 1 NEUSE RIVER 
P 60901070 
P 60901 120 
P 60901290 
P 60901790 
P 60901420 
P 60901590 
P 6090'1 620 
P 60901690 
P 60901790 
P 60901890 
T 00 4 01 49240 0031 1 273 



PARV=WSBAS2, C O N B  (4, L E )  

R u n  2 -- 
/ /NUSBAS~ J O B  NCS. RAE. B 4 3 9 9  WISER ,M=1 P=3, TYPRURT=HOLD 
//*F'ROCLIB=NCS. BAE. 12025 .WI&ER. SSARLIB 
/ /  EXEC CONT . BAS JN= 'NEUSE ' . DISK= ' NBAEDB ' 
'/'/G. SYSIN DD * ' 
J O B  0209 14 
P 60902020 

1 NEUSE RIVER 

F 
//RL EXFL! RELEASE, FAF%=NVSBASy, C O N D = ( ~ ,  LE) 
// 

B-I 6 



Run 7 -- 
//NITSBAS~ JOB NCS . BAE. B4399 WISER, M=1 T=3, TYPRUN=HOLD 
//*PROCLIB=NCS. BAR. 12027.~1!ZB. SSARLI~ 
// EXEC' CONT , BASIN= NEUSE ' , DISK= ' NBAEDB ' 
//G. SYSIN DD * 
JOB 0209 14 I NEUSE RIVER 
P 60905020 
P 60905120 
P 60905130 

P 60905590 
T 00 101 49240 0071 1277 
2B0060905020 0 10149 
2B0060905120 0 10149 

500 05550 
500 05550 

2B00609051'?jO 0 10149 500 05550 
2B0060905290 0 10149 500 05550 
2B0060905790 0 10149 500 05550 
2B0060905420 0 101 49 500 05550 
2B0060905490 0 10149 500 05550 
2B0060905520 0 10149 
2B0060905590 0 10149 

500 05550 
500 05550 

5 5550 0 101 49 00Q0102070301000 
5 5550 0 101 74 00001 02070301 000 
END 
/* 
//RL EXEC RELEASE, PARW=NUSBAS4, COND= (4, Ll3) 
// 

Run 4 -- 
//NUSBAS4 JOB NCS . BAE. B4399 WISER, M=1 T=2, TYPRUN=HOLD 
//JCPROCLIB=TES. BAR. 12025.~13~~.  SSARLIB 
// mC CONT , BASIN= 'NEUSE ' , DISK= 'NBAEDB ' 
//G.sYsIN DD * 
JOB 0209 14 I NEUSE R I ~  
P 60905620 
P 60905690 
P 60905720 
P 60905790 
P 60907020 
P 609070'10 
P 609071 20 
P 609071 90 
T 001014924000311273 
2B0060905620 0 10149 
2B0060905690 0 10149 

500 05550 
500 05550 

2B0060905720 0 101 49 
2B0060905790 0 101 49 
2B0060907020 0 10149 

8%8 
500 05550 

2B0060907070 0 10149 
2B0060907120 0 10149 

500 05550 

2B0060907190 0 10149 
500 05550 
500 05550 

5 5550 0 101 49 00001 02070701000 
5 5550 0 10174 0000102070701000 

//RL EXEC RELEASE, PARIVI=NUSBAS5, C O N D = ( ~ ,  LE) 
// 



Run 5 -- 
//NUSBAS~ JOB hrCS . BAR. B4399, WISER, N=1 T=2, TYPR~J=HOLD 
//VROCLIB=ECS. BAE. 12025.WISER. SSARLIB 
// EXEC CONT , BASIN= 'NEUSE ' , DISK= ' HBAEDB ' 
//G. SYSTN DD * 
JOB 

~ / R L  EXEC RELEASE, PARM=NUSBAS6, COND= (4, LEl) 
// 

Run 6 -- 
//NUSBAS~ JOB NCS . BAE. B4399, WISER, M-I, T=7, TYPI1UM=HOLD 
//*PROCLIB=MCS. BAE. 12025.WISER. SSARLIB 
/ EXJ3C C$PJT, BASIN= 'NEUSE ' ,DISK= 'NBAEDB ' 
/ / G .  SYSIN IID 
JOB 0209 14 1 NEUSE RIVER 
P 60908120 
P 60981 90 
P 60908220 
P 6098230 
P 60908390 
P 60908420 
P 60908490 
P 6098520 
P 60908690 
T 00 1 01 49240 0031 1 273 
2B0060908120 0 10149 500 05550 
2B0060908190 0 10149 500 05550 
2B0060908220 0 10149 500 05550 
2B0060908270 0 10149 500 05550 
2BW60908390 0 10149 500 05550 
2B0060908420 0 101 49 500 05550 

500 05550 2B0060908490 0 10149 500 05550 
2B0060908520 0 10149 
2B0060908690 0 10149 500 05550 
5 5550 0 101 49 OOO0102030301000 
5 5550 0 10174 0000102030301000 
END 
/* 
//RL EXEC REISASE, PARN=NUSSUM1, COND= (4, LEl) 
// 



Simulation of Summing Points ,  Reaches and Reservoirs: Run 1 - - -- 

P/RL EXEX RELEASE, PARN=MISSUM2, COND= ( 4, LE ) 
// 





4 EXEC RELEASE, PART?=N[RSUN '7, CON 



//NUSSUMZ JOB NCS . BAE . I34399 WISER, N=1 T=S , TYPRUN=HOLD 
//*PROCLIB=NCS.BAE. 12025 .WT$ER. SSARLIB 
// EX3C CONT , BASIN= 'IEUSE ' , DISK= 'NBAEDB ' 
//G. FT2 3 DD IISN=&TA mYIT=SYSDA, SPACE= (TRK, 32), DISP ( ,  DELE^) 
// DCB= (RE~FM=F, BWSI ZE=7284, L R E C L = ~ ~ M  ) 
//G.SYSIN DD " 
JOB 0209 1 3 
CC0170907100 
CR0170907180 
CR0270907180 
CC0170907200 
CR0170907280 
CR0270907200 
CCOI 70907300 
CR0170907380 
CR02709073RO 
CCOI 70907400 
CCOI 70907500 
CR0170907580 
CR0270907580 
CCOI 70907600 
CROI 70907680 
CR0270907680 
CC0170907700 
CROI 70907780 
CR0270907780 
CC0170907800 
CCOI 70908080 
CC0170908100 
CR0170908180 
CR0270908100 
CCOI 70908200 
CCOI 70908'300 
CR01709087;80 
CR0270908'380 
CCOI 7090W00 
CR0170908480 
CR0270908480 
CCOI 70908500 
CCOI 70908600 
CR0170908680 
CRO270908680 
CCOI 70908700 
CCOI 70908780 
CC0170908800 
P 70905800 70908080 
P 60907020 70907100 
P 60907030 70907100 
P 70907100 70907180 
P 60907120 70907200 
P 70907180 70907200 
P 60907990 70907200 

P 70907280 70907300 
I? 60907290 70907300 



LAST, I 

F i l e  

//IWSLRST J O B  NCS. BAR. I t l 3 9 9 , W I S R R  ,M=1, T=1 ,TYA(UN=HOLD 
//*PROCLIB=NCS. BAR .I2025. WISER. S S A R L I B  
// EXEC PGM=MSG , REGION=40K 
//AX DD IXN=CHARkCT. REUSE, 

UNIT=DISK VOL=SElrl=nrBAEDB, D I S P =  (OLD, DELFTE) 
EXEC PGM=~EADSCB, REGION=~OK 

/ / S T E P L I B  DD E N = I I C S .  BAE. I2025 .TfISER. HISUTL,  DISP=SHR 
/ / S ~ P R I N T  D n  S Y S O ~ = A  
//DA DD UNIT=DISK,  VOL=SER=NBAEDB , DISP=SHR 
/,'SYSIN DD * 
NBAEDB S I M I U T E  . NBUSE 

R-23 













CAPE FEAR RTVqR BASLY ---- 

Drainage 
Area, 

Sq.mi. 

CO?CPARISON OF SIMULATED AND ORISTRVED DATA 

S t a t i s t i c s  

Period l iecosd S t a t i s t i c  
of Length, 

Record  Nonths D R A Y 



Standard  S t a t i s t i c s  { c o n t '  d )  

Drainage P e r i o d  Record S t a t i s t i c  
Area,  o f  Length,  

Sq.mi. Record l lonths D R A Y C C ' 
02105900 Hood Creek n r  Lelsnd 
21 .6 10 '55-9/73 204 0.23 -0.01 0.77 0.59 0.76 0.77 

02106000 Little Coharie  Creek n r  Roseboro 
96.4 2150-12/77 287 0.Q3 -0.01 0.37 0.54 0.75 0.78 

02106500 Black R i v e r  n r  Tomahawk 
680 10/51-12/77 267 (3.05 0.00 0.30 0.41 0.85 0.86 

0210700Q So t h  R i v e r  n r  P a r k e r s b u r g  
782 10751-12/71 267 0.15 -0.00 0.75 0.45 0.85 0.57 

02107500 Col ly  Creek n r  K e l l y  
107 2 /50-9 174 260 0.70 0.02 0.47 0.65 0.71 0.79 

02107600 Nor theas t  Cape F e s r  R i v e r  n r  Seven S p r i n g s  
47 5 3/55-12/73 185 -0.08 -0.00 0.35 0.55 0.68 0.72 

02108000 Nor theas t  Cape F e a r  R i v e r  n r  Chinquapin 
600 1149-12/77 300 -0.05 0.01 0.32 0.47 0.86 0.86 

021 08500 R o c k f i s  Creek n r  ?gal lace  
67.5 q/55-7 2/73 221 0.Q5 -0.00 0.37 0.55 0.73 0.81 

Monthly D i s t r i b u t i o n  

Mean I 'fonthly P e r c e n t a g e  o f  Annual 
Flow, and D e v i a t i o n  From Observed, x1O 
cfsm J F T2 A !" tJ J P. S O W D  



Ronth ly  D i s t r i b u t i o n  Icon%'  d )  

PIesn Ftonthl y  P e r c e n t a g e  of Annud 
Flow, and D e v i a t i o n  From Observed,  x10 
cfsm ,, F FI n Y .J J A O ~ D  



Nonthly D i s t r i b u t i o n  con t  ' d )  

Nean Monthly P e r c e n t a g e  o f  Annual 
Flow, and D e v i a t i o n  From Observed, x10 
c f s m J F M A M J J A S O J D  ........................................................................ 

02107000 South  R i v e r  n r  P a r k e r s b u r  
obs  1.11 120 148 175 120 59 40 50 67 56 50 48 72 
s i m  1.11 +27 +27 + l o  -10 -5 -2 -12 -6 -12 -S -4 +7 

C o l l  C r ~ e k  n r  Y e l l  
02b:z5001 . l o  177 (324 170 7 50 44 +$I 66 60 51 61 

s i m  1.12 +6 +6 -4 -20 -17 + 3 -4 +16 -6 +7 
02107600 N o r t h e ~ s t  Cape F e a r  R i v e r  n r  Seven S p r i n  s 

obs 1.33 107 137 128 96 51 55 101 88 57 65 5 8  64 
s i m  1 .33 +10 +17 '19 +5 +14 -9 -29 -1 2 -8 -4 -1 2 +10 

02108000 Nor theas t  Cape F e s r  R i v e r  n r  ch inquap in  
93 63 50 36 83 68 49 50 69 

Obs s i m  1.25 ' * 2 4  114 +9 7 32 + -2 + -6 -1 2 - 1  -10 -1 5 + 1 
02108500 Rockf ish  Creek n r  Wallace 

obs  1.56 115 177 147 97 57 67 89 86 60 49 47 63 
sfm 1 ,56 +9 +1 +5 +3 1 +4 +5 +1 -8 1 2  -10 + 1 

Flow Extremes - 
llean Mean Low Flow, c f s  Mean High Flow, c f s  
Flow, D u r a t i o n ,  nag; D u r a t i o n ,  

c f s  1 7 30 90 1 7 30 

02093500 Haw R i v e r  n r  Bennja 
obs  140 14  16 25 75 42 1200 720 750 280 
s i m  140 16  17 24 34 A3 1200 650 330 260 
02093900 Reed Fork n r  Oak Ridge 
obs  22 4 .5  5.1 6 .6  3.1 9.6 400 120 50 79 
s i m  22 4.5 4.8 6 .8  8 .9  1 0  370 100 48  77 
02094000 Horsepen Creek a t  B a t t l e  Ground 
obs 14  2.8 3.0 3.6 4.7 5.5 360 100 40 28 
s i m  14 2 .5  2.7 7 .5  4 .5  4 250 71 34 26 
0209450086 Reed4 Fork n r  G i b s o n v i l l e  7 6 G , D V  74.9 c f s )  
obs  ?., 5.6 8.1 12 16 1400 590 250 180 
s i m  120 27 25 35 46 55 1700 560 270 210 
02095000 South B u f f a l o  Creek n r  Greensboro ?ST) 
obs 42 4.4 5.5 6.9 9.6 12 1100 320 110 81 
s i m  42 4.8 5.2 6.9 10 1 3  1100 300 "9)  

87 
02095500 ?Jorth B u f f a l o  Creek n r  Greensboro (RT 14 c f s (  e s t  
obs  57 15 19 22 25 YO 1000 300 1 JO 98 
s i m  44 7.2 3.5 5.4 8.1 11 870 270 120 91 
02096000 S t o n  Creek n r  B u r l i n  t o n  
obs  35 .06 .04 .16 1 1 .2  1100 320 120 91 
s i m  35 .02 .02 .22 .60 1.2 Yo 290 140 100 
02096500 Haw R i v e r  a t  Haw R i v e r  (RG,DV 5 c f s  
obs 530 50 66 96 170 150 7200 3200 1400 1100 
s i m  540 58 67 89 130 160 4500 2600 1700 1000 
0209670Q B i  Alamance Creek n r  Elon Col lege  
obs 110 $5 4.5 5 .5  14 2000 690 320 250 

l 9  1400 590 300 230 s i m  110 2.3 2.9 6 .8  13 19 
02096850 Cane Creek n r  Teer  
obs  31 .76 .Q1 1.6 2.9 '5.6 720 220 98 74 
s i m  Z1 .76 .93 1.6 2.9 4.1 680 180 91 72 
02097000 Haw R i v e r  n r  P i t t s b o r o  (19) 
obs 1200 30 96 150 220 270 17000 vlOO 7300 2600 
s i m  1200 89 100 160 250 720 7400 52'30 3000 2900 



U1 
GO 00 00%-00 
00 mm Ccwoc,o c m  r-Ln ern  WLn 
Urn+' 6' E;,N-. 
y s . 2  c 

C0 oc 
00 00 
OO 00 
c;;c--.0cr -- P ffi *r- 

t-2 



Flow Extremes ( c o n t ' d )  - 
Nean ?lean Low Plow, c f s  3ean  High Flow, c f s  
Flow, D u r a t i o n ,  days  D u r a t i o n ,  days  

c f s  1 7 70 00 90 1 7 30 60 90 

021 07500 
obs 110 
s i m  I20 
021 07600 

C o l l  Creek n r  K e l l y  
.0$ .!3 1.3 n.4 
.25 .40 2.2 6.7 

T o r t h e a s t  Cape F e a r  R i v e r  
8.7 8.9 13 17 
7.6 8.7 42 16 

Y o r t h e a s t  Cape Fear  R i v e r  
3 1 77 74 120 
39 45 74 190 

Rockfish  Creek n r  Wallace 
2.6 3.7 6.6 94 
'5.2 3.7 9.4 9 4 

1 1  500 460 
4 5 910 700 

n r  Seven 7 r i n g s  
23 818 760 
2 1 500 340 

n r  Chin ua i n  
180 2408 4700 
170 5200 3600 

S p e c i a l  S i m u l a t i o n  

02094000 Horsepen Creek 8t B a t t l e  Ground 

CB0760202020 8400 1008089 5 10 20 20 70 50 50 60 50 1 6 55 0 

02097243 T h i r d  Fork Creek a t  Durham 

02099000 E a s t  Fork Deep R i v e r  n r  High P o i n t  

02102908 F l a t  Creek n r  I n v e r n e s s  



A 1  tamahaw 

Say 
Haw River 
a t  Altamahaw 

Reedy Fork rsar 1 
Haw River 

Alamance Creek 2 nr Elon College 



\ South Buffalo 

Lake 
Brand t 

b/ Buffalo Creek 
a t  mouth 

Creek 

Reedy Fork 
a t  Ossipee 



XB02M Haw River 
(958.11) 1 n r  SwepsonviPPe 

eek 

New Hope Creek 

X M B  b/ Haw River 
(1015.8) 

\ / 

New Hope Creek 
n r  Green Level 

a cane 

Buckhorn 

SfTk 

qao~p\pc  New Hop, Creek 
105 n r  Gen ee 



B Richland 

h e .  

High Point  
Lake 

Rand 1 eman 
Dam s i t e  

. ~ e e  River 
a t  Ror thvi l le  

p#$3 
'Deep River 

a t  Ramseur 

B Coleridge pf16!5F 
-Dee River 

n r  E r e c t  

Dee River 
a t  !&wards M i l l  

Dee River 
n r  f;i& F a l l s  

Dee River 
n r  8 lendon 

C-12 



XBll Y D e e  River 
(1440.5) a tgoncu re  



Cape Fear River 
nr  Kipling 

Cape Fear River 
a t  Lillington 

Cape Fear River 

XBl3 Cape Fear River 
(3769.6) n r  Erwin 



Crane 

EYk 



Cape Fear River 

Cape Fear River 

Cape Fear River 
n r  Kelly 

Black River 

Cape Fear River 

Northeast 
B Wilmington Cape Fear River p9 a t  WiMington 

XBI 7~ Cape Fear River 
(8759.3) at Wilmiwton 



- L i t t l e  

South River 
n r  Roseboro 

South River 
n r  Parkersburg 

Six Runs Creel< 

X B ~ O  Black River 

XB20 b/ Black River 
(1563) a t m o u t h  



I Northeast Cape Fear 

1 %Jer 

Northeast Cape Fear River 
a t  Kornegay 

Northeast Cape Fear River 
below Goshen Swamp 

Northeast Cape Fear River 
n r  Hal lsvi l le  

6 o r t h e a s t  Cape Fear River 
n r  Chinquapin 

r 
Northeast Cape Fear River 
n r  Willard 

X r t h e a s t  Cape Fear River 
n r  Burgaw 

/ Northeast Cape Fear River 
a t  Wilmington 





5 2 F1OPEDALE LOCAL 
57.5 4 202 1001 1 0000 40009403 991 0288400 

%I00 1 OO8O89 2 5 10 5 1 0 2Q 40 50 70 16 
735551 00 

8 2 SAXAPAMW LOCAL 
56.9 4 202 1004 4 0000 1 0008400 994 0258400 

,MOO 4 9050E39 2 5 1 0 5 1 9 20 30 40 60 16 

8 2 C A T E  CREEK 
68.1 4 602 3001 7000 4 0008400 994 0268400 

8400 4038089 2 5 1 Q 20 30 50 40 50 70 16 
335551 00779241 00 

3 2 TERRTLLS LOCAL 
67.7 4 202 400"1700 00WQ400 991 0258400 

8400 1 OO8OE39 1 2 5 9 0 20 40 50 60 80 16 
3'1 6771 03 

8 2 EYW?l LOCAL 
127.4 4 202 100140000 40003400 991 0258400 

8400 4008089 2 5 40 20 30 50 40 50 70 16 
31 6774 00379244 00 



8 2 YORmRT4ST CRRRK 
CBO260205 1 20 56 4 502 2501 10000 40303400 
CEO360205 4 20 woo 1009089 1 2 5 9 0 20 40 r30 994 904 0288400 00 4 6 
CB0460205120 370699 m 

8 2 PEAFORTH ZOThL 
1 47 4 202 4 004 1 5000 10008409 
%OO 4009089 0 4 5 5 40 
34 6774 00357674 Or, 

8 2 F4ORGAB CREEK 
67 4 602 3001'10000 10008400 
8400 9 004089 7 2 5 3 0 20 
74 6777 00 

CEO4 6021 2590 4 2 3lJCm09N LOCAL 
CB026O2i 2690 38.8 4 202 1 004 4 0000 1 OQO84oO 
CP0%0212690 

991 01 584QO 
5400 1 OOW89 2 5 1 0 5 40 20 30 40 60 16 

~~0460242690 15'671 03 
B07B 

CB04 602 1 2620 R 2 EUCKHORV CR9EK 
CR026024 2620 78,7 d 602 7004 4 0000 4 r3008400 
CE0%0212620 

991 01 58400 
8400 100F3089 2 5 ! 0 5 10 29 40 50 70 16 

CB0460242620 357634 00 
R07c 

~ ~ 6 1  6022 2790 8 2 CQKESBURY LOCAL 
CB026024 2790 59 -7 4 202 4 004 4 0000 4 OOOS40C) 
CB07602 1 2790 

991 04 58400 
8400 1008089 2 5 '1 0 5 10 20 30 40 60 

PRO4602 1 2730 757671 OQ 
l?O7D 

CEO1 6021 2390 8 2 IJLLi!TGTOhr LOCAL 
CB026029 2890 4 202 4 004 10002 10008400 
C33036021 2890 

994 04 58400 
q400 1 OOQO99 2 5 4 0 5 10 20 YO 40 60 16 

C8046024 2890 757631 UI 
E307E 

CB01602 1 5090 3 2 BlJTSS CRERK LOCAL 
CB026024 3090 59,7 152 757 40000 10008400 
CBO36O2 1 7090 931 01 58400 

9400 4 OCBO89 2 5 70 5 40 20 70 40 60 16 
CB0460217000 75761i; 1 M 
ROSA 

CR04 60205020 8 2 DEEP FIWR 
CB0260205020 64 .4 4 242 9 201 4 0000 1 0008400 
CB0360205020 

991 0288400 
3400 4 O ~ ~ Q W  5 40 20 20 73 50 50 60 80 1 6 

CB046020F3020 336301 00340631 00 
BOSB 

CB04 602081 90 3 2 RANnLm'IAT\T LOCAL 
CP,C)250209190 111.8 4 202 400440000 40C)OS4~ 
CB076020S190 991 0285400 

8bOO 1008099 1 2 5 157540 50608Q 16 
CB94502084 90 340631 03370971 00 

E3C)i)A 
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