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A Software System t o  Aid i n  
Making Real-Time Water Control Decisions 

By 

11 2 / Arthur F. Pabst- and John C. P e t e r s  

The Corps of Engineers has  r e s p o n s i b i l i t y  f o r  opera t ing  numerous 
water  resource  systems throughout t h e  United S t a t e s .  A primary purpose 
of many of t hese  systems i s  f lood  con t ro l ;  however most systems a r e  
mult ipurpose wi th  a d d i t i o n a l  p r o j e c t  purposes such a s  hydropower genera t ion ,  
water supply,  naviga t ion ,  water q u a l i t y  enhancement and r e c r e a t i o n .  Effec- 
t i v e  ope ra t ion  of a  water  resource  system t y p i c a l l y  r e q u i r e s  (1) t imely 
a c q u i s i t i o n  of r e l i a b l e  da t a  t h a t  r e f l e c t s  t h e  cu r r en t  s t a t e  of t h e  
watershed and water resource  system, ( 2 )  d a t a  a n a l y s i s  and runoff s imula t ion  
t o  produce f o r e c a s t s  of runoff ,  perhaps wi th  and wi thout  e s t ima te s  of t h e  
e f f e c t s  of f u t u r e  p r e c i p i t a t i o n ,  and (3) system a n a l y s i s  t o  produce opt imal  
ope ra t ions  dec is ions .  

A major advance i n  automated d a t a  c o l l e c t i o n  has  occurred i n  r ecen t  
yea r s  wi th  t h e  use of geos t a t iona ry  s a t e l l i t e s  f o r  d a t a  t ransmiss ion .  
A Data Co l l ec t ion  Platform (DCP) a t  a  gage (e.g. p r e c i p i t a t i o n  or s t a g e  
gage) con ta ins  a  microprocessor f o r  s t o r i n g  t h e  d a t a  and t r ansmi t t i ng  i t  
v i a  geos t a t iona ry  s a t e l l i t e  t o  a  r e c e i v e r  (downlink) where t h e  d a t a  i s  
placed i n  a  computer f i l e .  IJse of t h i s  means of acqu i r ing  d a t a  i s  inc reas ing  
r ap id ly  i n  t h e  Coxps of Engineers and i s  a  primary source  of rea l - t ime d a t a  
f o r  a  number of water r e sou rce  systems. 

During t h e  l a s t  s e v e r a l  yea r s  t h e  Hydrologic Engineering Center (HEC) 
has been involved i n  developing and adapt ing  sof tware  f o r  rea l - t ime d a t a  
a n a l y s i s ,  short-term runoff f o r e c a s t i n g  and r e s e r v o i r  system s imula t ion .  
These sof tware  components a r e  p a r t  of a  comprehensive sof tware  system t h a t  
a l s o  inc ludes  a  special ly-designed d a t a  s t o r a g e  system, a n  i n t e r a c t i v e  
c o n t r o l  i n t e r f a c e  and a  g raph ica l  d i sp l ay  c a p a b i l i t y  t h a t  f a c i l i t a t e s  
i n t e r p r e t a t i o n  and a n a l y s i s  of observed d a t a  and s imula t ion  r e s u l t s .  The 
sof tware  system, i n  whole or i n  p a r t ,  i s  intended f o r  u se  throughout t he  
Corps of Engineers on computers t h a t  a r e  dedica ted  t o  water  c o n t r o l  
a c t i v i t i e s .  The sof tware  i s  p r e s e n t l y  being implemented on Har r i s  100/500 
minicomputers. 

This  paper focuses  on t h e  conceptual  basi.s f o r ,  and c a p a b i l i t i e s  o f ,  
t h e  sof tware  system. ' I l . l u s t r a t i o n  of sof tware c a p a b i l i t i e s  i s  based on 
a p p l i c a t i o n  t o  t h e  1.6,900 sq.  km, Scio to  Basin i n  Ohio, USA. 

1. Chief,  Spec ia l  Ass is tance  Branch, Hydrologic Engineering Center ,  
U,S.  Army Corps of Engineers,  Davis,  C a l i f o r n i a ,  USA 

2. Hydraulic Engineer, Hydrologic Engineering Center ,  
U. S. Army Corps of Engineers,  Davis, Ca l i fo rn i a ,  USA 

For p r e s e n t a t i o n  a t  t h e  WMO-sponsored Technical  Conference on Mi t iga t ion  of Natura l  Hazards 
through Real-Time Data Coll .ect ion and Hydrological  Forecast ing,  he ld  a t  Sacramento, C a l i f .  
on September 19-23, 1983. 



APPROACH 

Assuming t h a t  raw "real--time1' d a t a  i s  a v a i l a b l e  i n  a computer f i l e ,  
t h e  fol lowing t a s k s  a r e  performed: 

1. Raw data  i s  decoded t o  a f o r m  wi th  des l r ed  eiiglneeriiig iiiiits. 
Data conversions such a s  s t a g e  t o  d ischarge  and accumulated 
t o  incremental  p r e c i p i t a t i o n  a r e  made. Simple range checks on 
da t a  v a l i d i t y  a r e  performed, Data i s  i n t e r p o l a t e d  f o r  i s o l a t e d  
per iods  of missing da t a .  

2 .  The a v a i l a b i l i t y  of d a t a  i s  assessed .  A Data S t a t u s  Table i s  
generated i n  which t h e  presence o r  absence of v e r i f i e d  d a t a  i s  
ind ica t ed  f o r  each hydrometeorological  s t a t i o n .  

3 .  Based on d a t a  a v a i l a b i l i t y ,  a t ime of f o r e c a s t  i s  adopted. 
Choice of f o r e c a s t  t ime gene ra l ly  involves  a t r adeo f f  between 
d a t a  a v a i l a b i l i t y  and t h e  l a g  between t h e  c u r r e n t  t ime and t h e  
f o r e c a s t  time. 

4 .  Po in t  p r e c i p i t a t i o n  d a t a  i s  used t o  develop hyetographs of 
subbasin-average p r e c i p i t a t i o n  f o r  each subbasin.  

5. Automatic e s t ima t ion  of runoff parameters  ( u n i t  hydrograph, 
l o s s  r a t e  and base flow) f o r  headwater subbasins  is performed. 

6. Based on r e s u l t s  of parameter es t imat ion ,  l o s s  r a t e  and base 
flow parameters a r e  adopted f o r  remaining subbasins .  

7 .  Runoff hydrographs a r e  c a l c u l a t e d ,  rou t ing  and combining i s  
performed and c a l c u l a t e d  hydrographs a r e  blended w i t h  observed 
hydrographs wherever observed d a t a  is a v a i l a b l e .  The end product  
of t h i s  s t e p  i s  a s e t  of r e s e r v o i r  in f low hydrographs and hydro- 
graphs a t  downstream c o n t r o l  po in t s .  

8. Runoff hydrographs from s t e p  7 a r e  used w i t h  a r e s e r v o i r  system 
s imula t ion  model t o  make r e s e r v o i r  r e l e a s e  dec i s ions .  

9. Resul t s  a r e  analyzed us ing  g raph ica l  d i sp l ays .  Addi t iona l  
ana lyses  a r e  performed wi th  a l t e r n a t i v e  f u t u r e - p r e c i p i t a t i o n  
assumptions and/or ope ra t ion  p o l i c i e s  a s  des i r ed .  

SOFTWARE 

Key elements of t h e  sof tware  system a r e  a s  fol lows:  

Data S torage  System (DSS) 
The DSS provides  a means f o r  e f f i c i e n t  s t o r a g e  and r e t r i e v a l  of 

hydwol6gic da t a .  It i s  used p r i m a r i l y  f o r  time s e r i e s  da tg  such as 
p r e c i p i t a t i o n  hyetographs o r  hydrographs of s t age ,  d i scharge ,  s t o r a g e ,  



e t c .  DSS and a s soc i a t ed  u t i l i t y  programs can be used t o  (1) s t o r e  
and main ta in  d a t a  f o r  m u l t i p l e  u s e r s ,  (2) s t o r e  i npu t  and output  da t a  
from a p p l i c a t i o n s  programs, (3)  t r a n s f e r  d a t a  between programs and 
(4) d i s p l a y  d a t a  i n  graphs or  t a b l e s .  

F i e ld  Data Conversion (CONVRT) 

This  program provides  r o u t i n e  t ransformat ions  of f i e l d  d a t a  
i n t o  forms r equ i r ed  f o r  hydrologic  a n a l y s i s .  Cumulative p rec ip i -  
t a t i o n  i s  converted t o  incrementa l  p r e c i p i t a t i o n .  Water s u r f a c e  
s t a g e s  and e l e v a t i o n s  a r e  transformed, a s  app ropr i a t e ,  i n t o  
d i scha rges  and s t o r a g e s  based on r a t i n g  t a b l e s .  Reservoir inf lows 
a r e  computed from corresponding outf low and s t o r a g e  hydrographs. 
Screening f o r  d a t a  o u t s i d e  reasonable bounds, e s t ima t ion  of missing 
d a t a  elements,  and d a t a  smoothing a r e  combined wi th  each of t h e  b a s i c  
t ransformat ions  a s  a p p r o p r i a t e  t o  provide a n  automated flow of u sab le  
da t a .  

Areal. P r e c i p i t a t i o n  Analysis  (PRECIP) 

This  program is used t o  c a l c u l a t e  subbasin-average 
p r e c i p i t a t i o n  from observed gage d a t a .  Subbasin-average 
r a i n f a l l  i s  c a l c u l a t e d  a s  t h e  weighted average of r a i n f a l l  t h a t  
i s  es t imated  a t  up t o  f i v e  p o i n t s  (nodes) i n  a  subbasin.  R a i n f a l l  
a t  a node is c a l c u l a t e d  a s  t h e  weighted average of r a i n f a l l  measured 
a t  gage s i t e s .  One t o  f o u r  gages a r e  used f o r  each node. The gages 
a r e  s e l e c t e d  a s  t h e  n e a r e s t  r epo r t ing  gage i n  each quadrant  wi th  
r e s p e c t  t o  North-South and East-West axes  through t h e  node. Weights 
used i n  c a l c u l a t i n g  r a i n f a l l  a t  a  node a r e  i n v e r s e l y  p ropor t iona l  
t o  t h e  square  of t h e  d i s t a n c e  between r h e  node and a  gage. The 
weights  used can va ry  each t ime i n t e r v a l  depending on t h e  number and 
l o c a t i o n  of gages r e p o r t i n g  t h a t  i n t e r v a l .  Subbasin hyetographs 
c a l c u l a t e d  by PRECIP a r e  s t o r e d  i n  a  DSS f i l e  f o r  subsequent use  f o r  
runoff f o r e c a s t i n g  . 

Streamflow f o r e c a s t  (HEClF) 

This  program is  a modif ied ve r s ion  of computer program HEC1, a  
primary c a p a b i l i t y  of which i s  t o  c a l c u l a t e  runoff  from complex 
(multi-subbasin) watersheds us ing  t h e  u n i t  hydrograph approach 
and hydro logic  rou t ing  methods. HECl i s  widely used f o r  planning 
s t u d i e s  and o t h e r  a p p l i c a t i o n s ,  and runoff  parameters  f o r  u s e  
i n  t h e  program have been der ived  f o r  numerous l o c a t i o n s  throughout 
t h e  USA. However i t  i s  a  "single-event ' '  model; t h e r e  i s  no 
c a p a b i l i t y  f o r  main ta in ing  a  continuous accounting of s o i l  mois ture .  
Forecas t  accuracy is t h e r e f o r e  l i k e l y  t o  be low e a r l y  i n  an  event ,  
e s p e c i a l l y  f o r  s i t u a t i o n s  where s u b s t a n t i a l  u n c e r t a i n t y  i s  
a s s o c i a t e d  wi th  l o s s  r a t e  es t imates .  However, l a t e r  i n  an  event  



when i t  becomes p o s s i b l e  t o  c a l i b r a t e  parameters t o  a n  observed 
s tream r i s e ,  f o r e c a s t  accuracy is  improved and should be commensurate 
w i th  accuracy ob ta inab le  w i th  more complex continuous s imula t ion  
models. 

A p p i i c a ~ i o n  of HECiF  t o  produce short-term runoff  f o r e c a s t s  
i n  a  mult i -subbasin watershed i s  gene ra l ly  implemented a s  a  two-step 
process .  The f i r s t  s t e p  i s  t o  e s t ima te  runoff parameters and 
c a l c u l a t e  di.scharge hydrographs f o r  gaged headwater subbasins .  Automatic 
e s t ima t ion  c a p a b i l i t i e s  a r e  used t o  d e r i v e  b e s t  f i t  va lues  f o r  l o s s  r a t e ,  
u n i t  hydrograph and base  flow parameters.  Cons t ra in ts  a r e  used t o  
r e s t r i c t  der ived  va lues  t o  phys i ca l ly  reasonable  l i m i t s .  The parameter 
e s t ima te s  f o r  headwater bas ins  provide u s e f u l  information t o  a i d  i n  
establ . ishing l o s s  r a t e  and base flow parameters  f o r  remaining (non- 
headwater) subbasins .  

The second a p p l i c a t i o n  of HEClF is  made t o  accomplish t h e  
following: (1) d i scharge  hydrographs a r e  ca l cu la t ed  f o r  a l l  non- 
headwater subbasins  us ing  user-defined runoff  parameters ,  
( 2 )  hydrographs a r e  routed  and combined throughout t h e  b a s i n  and 
(3) hydrographs a r e  blended a t  each gage p r i o r  t o  subsequent rou t ing  
and combining opera t ions .  Blending c o n s i s t s  of r ep l ac ing  t h e  ca l cu la t ed  
hydrograph o r d i n a t e s  wi th  observed hydrograph o r d i n a t e s  up t o  t h e  t ime 
of f o r e c a s t ,  and providing a  smooth t r a n s i t i o n  back t o  t h e  ca l cu la t ed  
hydrograph over f i v e  f u t u r e  t ime pe r iods  fol lowing t h e  time of f o r e c a s t .  
Forecasted d ischarge  hydrographs c a l c u l a t e d  wi th  HECLF a r e  s t o r e d  i n  
a  DSS f i l e  f o r  subsequent use  i n  e s t a b l i s h i n g  r e se rvo i r  r e l e a s e  dec i s ions .  

Reservoir  Operation (HEC-5) 

This  program is  designed t o  s imu la t e  t h e  s e q u e n t i a l  ope ra t ion  
of a  system of r e s e r v o i r s  of any conf igura t ion .  Reservoir r e l e a s e s  
a r e  determined by t h e  program i n  accordance wi th  c o n s t r a i n t s  a t  
downstream c o n t r o l  p o i n t s  whi le  keeping t h e  system " in  balance". 
A wide v a r i e t y  of f a c t o r s  t h a t  a f f e c t  r e l e a s e  dec i s ions  can be 
accomodated, inc luding  channel c a p a c i t i e s  a t  downstream c o n t r o l  
p o i n t s ,  emergency cond i t i ons  r equ i r ing  p r e r e l e a s e s ,  minimum-flow 
requirements ,  e t c .  Reservoir  inf low hydrographs and hydrographs 
of uncont ro l led  runoff fo r  downstream c o n t r o l  p o i n t s  a r e  obta ined  
from preceding HEClF a p p l i c a t i o n s  v i a  a  DSS f i l e .  Output from 
HEC-5 such a s  hydrographs of d i scharge ,  r e s e r v o i r  s t a g e  and 
s t o r a g e  a r e  w r i t t e n  t o  a  DSS f i l e  f o r  subsequent d i sp l ay  and 
a n a l y s i s .  



Model Control (MODCON) 

This  i s  an  i n t e r a c t i v e ,  execut ive  program designed t o  f a c i l i t a t e  
u se  of other  components of t h e  sof tware  system. The program can be 
used t o  spec i fy  t h e  magnitude of i npu t  parameters  f o r  PRECIP, HEClF 
and HEC-5. For example, va lues  f o r  l o s s  x a t e s ,  f u t u r e  p r e c i p i t z t i c n  
or  s p e c i f i e d  f u t u r e  r e s e r v o i r  r e l e a s e s  can be e a s i l y  e s t a b l i s h e d  w i t h  
MODCON. MODCON a l s o  has t h e  c a p a b i l i t y  t o  c r e a t e  and send o f f  ( f o r  
execut ion)  ba tch  jobs t h a t  involve  t h e  s e q u e n t i a l  execut ion of a  s e r i e s  
of modelling programs, f o r  example - PRECIP, HEClF ( f i r s t  a p p l i c a t i o n ) ,  
HEClF (second a p p l i c a t i o n )  and HEC-5. Summary d i sp l ays  of d a t a  s t a t u s ,  
input-parameter s t a t u s ,  job s t a t u s  and program output  can be viewed. 
It is  a l s o  p o s s i b l e  t o  execute  t h e  DSPLAY program t o  view p l o t s  or 
t abu la r  d i s p l a y s  of v i r t u a l l y  any v a r i a b l e s  of i n t e r e s t ,  inc luding  
observed d a t a  and r e s u l t s  of p rec ip i t a t i on - runof f  and r e s e r v o i r  system 
s imula t ions .  

Graphical  Display (DSPLAY) 

This  i s  a n  i n t e r a c t i v e  program t h a t  provides  a  quick and 
s imple means of d i sp l ay ing ,  i n  g raph ica l  o r  tabular  form, d a t a  s t o r e d  
i n  a  DSS f i l e .  The graphics  c a p a b i l i t i e s  permit  t h e  p l o t t i n g  of 
s e v e r a l  curves on one graph, u s e  of a  s p l i t - s c r e e n  op t ion  f o r  showing 
p l o t s  on each ha l f  of a  graph, c a p a b i l i t i e s  f o r  shading graphs,  over- 
l ay ing  g r i d s ,  e t c .  

SCIOTO BASIN APPLICATION 

I l l u s t r a t i o n  of a p p l i c a t i o n  of t h e  sof tware  system w i l l  be  made 
wi th  r e f e rence  t o  t h e  Sc io to  River Basin, f o r  which t h e  sof tware  system 
i s  p r e s e n t l y  ope ra t iona l .  Fig.  1 is  a  map of t h e  bas in .  There a r e  f o u r  
Corps of Engineer r e s e r v o i r s ,  t h e  primary purpose of which i s  f lood  
c o n t r o l .  However t h e  r e s e r v o i r s  a r e  a l s o  opera ted  f o r  water  q u a l i t y  
and o ther  purposes.  Data Co l l ec t ion  Platforms a t  t h e  r e se rvo ivs  and 
a t  p r e c i p i t a t i o n  and stream gages throughout t h e  bas in  t r ansmi t  d a t a  
v i a  geos t a t iona ry  s a t e l l i t e  t o  a  downlink and computer i n  C inc inna t i ,  
Ohio. Data i s  "sensed" each hour and t ransmi t ted  t o  C inc inna t i  a t  
4-hour i n t e r v a l s .  The Sc io to  r e s e r v o i r  system i s  operated by personnel  
of t h e  Huntington D i s t r i c t  Of f i ce  of t h e  Corps of Engineers,  l oca t ed  
i n  Huntington, West Vi rg in ia .  The observed d a t a  i s  t r ansmi t t ed  
au toma t i ca l ly  a t  f i x e d  i n t e r v a l s  from t h e  computer i n  C inc inna t i  t o  
a  computer i n  t h e  Huntington D i s t r i c t  Of f i ce ,  where f o r e c a s t s  and 
o p e r a t i o n a l  dec i s ions  a r e  made. 

Program MODCON i s  en tered  and a  Data S t a t u s  Table (Fig. 2) i s  
obta ined .  A t ime of f o r e c a s t  based on d a t a  a v a i l a b i l i t y  i s  s e l e c t e d  
and i n p u t  t o  MODCON. Input  parameters  f o r  PRECIP, HEClF and HEC5 
a r e  s e t .  The s t a t u s  of t h e  parameters  can be reviewed by c a l l i n g  f o r  
a  Hodel S t a t u s  Table (Fig. 3 ) .  



The execut ion command i n  MODCON i s  invoked t o  c r e a t e  and send o f f  
a  ba tch  job f o r  process ing .  The job may involve  execut ion  of PRECIP 
and HEClP ( f i r s t  a p p l i c a t i o n )  t o  provide a  s e t  of pa rane te r  e s t ima te s  
f o r  headwater subbasins .  Or t h e  job may a l s o  involve  t h e  second 
a p p l i c a t i o n  of HEClF and execut ion of HEC-5 f o r  making t h e  o p e r a t i o n a l  
r e l e a s e  bas ins .  While a model job i s  i n  execut ion,  other  t a s k s  can be  
performed, such a s  checking t h e  s t a t u s  of t h e  water  resource  system by 
viewing p l o t s  of observed p r e c i p i t a t i o n  and streamflow. F ig .  4 shows 
a  DSPLAY-generated p l o t  of observed d ischarge  hydrographs f o r  four  
l o c a t i o n s  on t h e  main stem of t h e  Sc io to  River.  Fig.  5  shows observed 
p r e c i p i t a t i o n  hyetographs f o r  two f i e l d  gages. 

The progress  of t h e  modelling job i n  execut ion  can be monitored 
and r e s u l t s  can be viewed fo l lowing  completion of each component of 
t h e  job. Fig. 6  shows hydrographs of inf low,  outf low and s t o r a g e  f o r  
a  r e s e r v o i r .  The outf low hydrograph was determined by HEC-5. Fig. 7  
shows two fo recas t ed  and t h e  observed d ischarge  hydrograph a t  a  down- 
s t ream c o n t r o l  p o i n t .  One f o r e c a s t  i s  based on t h e  assumption of no 
f u t u r e  p r e c i p i t a t i o n  whereas t h e  second f o r e c a s t  i s  based on having 
1 3  mm of r a i n f a l l  over t h e  bas in  during a  12-hour per iod  fol lowing t h e  
time of f o r e c a s t .  

Analysis  of in format ion  such a s  t h a t  shown i n  F igs .  6-7 provides  
a  means f o r  i n t e r p r e t i n g  s imu la t ion  r e s u l t s .  Based on such an a n a l y s i s ,  
t h e  water  c o n t r o l  manager may dec ide  t h a t  t h e r e  i s  s u f f i c i e n t  in format ion  
t o  make ope ra t iona l  dec i s ions ,  or i t  may be d e s i r e d  t o  make a d d i t i o n a l  
runs  t o  r e f l e c t  a l t e r n a t i v e  watershed, p r e c i p i t a t i o n  or  o p e r a t i o n a l  
condi t ions .  

MAN-MACHINE INTERFACE 

An i n t e r a c t i v e  t e rmina l  wi th  a  keyboard i s  a  common inpu t  device  
f o r  a  computer. Some t e rmina l s  w i th  inpu t  g raph ic s  c a p a b i l i t i e s ,  such 
a s  t h e  Tektronix 4014, a l s o  permit  t h e  use  of a  graphics  t a b l e t  a s  an 
inpu t  device. A "menu" can be  c r e a t e d  t o  over lay  on t h e  t a b l e t ,  and 
c a p a b i l i t y  can be provided t o  enable an inpu t  command, o r  a  s e r i e s  of 
commands, t o  be generated simply by touching t h e  a p p r o p r i a t e  l o c a t i o n  
on t h e  menu. 

Fig. 8 i l l u s t r a t e s  such a  menu f o r  t h e  Sc io to  Basin. MODCON commands 
can be implemented by touching rec tangular  command boxes on t h e  l e f t  
s i d e  of t he  menu. For example, t o  o b t a i n  the  t a b l e  shown i n  Fig.  1, 
t h e  box l abe l ed  Data S t a t u s  would be touched. P l o t s  can be genera ted  
wi th  t h e  r i g h t  s i d e  of t h e  menu by touching i n  sequence t h e  l o c a t i o n  
(on t h e  schematic diagram), t h e  d e s i r e d  v a r i a b l e  (e.g.  r e s e r v o i r  outf low) 
and PLOT. 

The boxes l abe l ed  M 1  through M I 1  a t  t h e  bottom of t h e  menu invoke 
1s macros" f o r  automatic  gene ra t ion  of a  s i n g f e  or a  s e r i e s  of p l o t s  of 
p r e s p e c i f i e d  v a r i a b l e s .  Fig. 4  and 5  were obtained w i t h  such macros. 



SUMMARY AND PLANS FOR FUTURE DEVELOPMENT 

A comprehensive sof tware  system has  been developed t o  a i d  t h e  water  
c o n t r o l  manager i n  making o p e r a t i o n a l  dec is ions .  The sof tware  encompasses 
components f o r  d a t a  conversion and screening ,  e s t ima t ion  of subbasin-average 
hf nt3nranhc U r l V L  L p L e ~ L  vr-nmFF n w n m n m t  <n 
.I JLL 6 y L 1 a ,  c ~ ~ - + - + -  f  ,,,,,,,,,,g am? ressx-voir system s i zmla t  icn. 
A Data Storage System designed f o r  e f f i c i e n t  handling of time s e r i e s  d a t a  
provides  a  means f o r  t r a n s f e r r i n g  d a t a  between a n a l y s i s  components. A graph ic s  
program enables  i n t e r p r e t a t i o n  and a n a l y s i s  of observed d a t a  and s imula t ion  
r e s u l t s .  An i n t e r a c t i v e  execut ive  program g r e a t l y  f a c i l i t a t e s  u t i l i z a t i o n  
of t h e  sof tware  system. 

Experience t o  d a t e  has  shown t h a t  a  major l i m i t a t i o n  i n  f o r e c a s t  
c a p a b i l i t y  i s  t h e  e s t ima t ion  of s p a t i a l  and temporal d i s t r i b u t i o n  of r a i n f a l l .  
The use  of radar  imagery t o  b e t t e r  d e f i n e  r a i n f a l l  d i s t r i b u t i o n  appears  
t o  be a  promising development t h a t  should be ope ra t iona l  i n  t h e  next  year  
o r  two. A s  more experience i s  acqui red  i n  a p p l i c a t i o n  of t h e  sof tware  system, 
i t  is l i k e l y  t h a t  s u b s t a n t i a l  enhancements w i l l  be made t o  va r ious  components 
of t h e  system. The modular s t r u c t u r e  of t h e  system i s  such t h a t  a l t e r n a t i v e  
components can r e a d i l y  be s u b s t i t u t e d  or added i n t o  t h e  system. 



Figure i. MAP OF SCIOTO RIVER BASIN 
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Figure  2 Data Status Table 
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Figure 3 Model Status Table 



F i g u r e  4 Kainstem Observed Flow Hydrographs 



F i g u r e  5 Observed Pyetogr  a p h s  



F i g u r e  6 Reservoir Inflow, Outflow and Storage 



Figure 7 Observed and Forcas ted  Flow With and 

Without ~ d d i t i o n a l  P r e c i p i t a t i o n  



F i g u r e  8 S c i o t o  F o r e c a s t  and C p e r a t i o n s  Yenu 
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