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USE OF COMPUTER PROGRAM HEC-5 
FOR 

WATER SUPPLY AMALYSIS~ 

Richard J. Hayes and Bill S. ~ i c h e r t ~  
ABSTRACT 

Computer program HEC-5, "Simulation of Flood Control and Conservation Systems," 
has extensive capabilities for the analysis of water supply systems. HEC-5, 
developed by the U.S. Army Corps of Engineers, Hydrologic Engineering Center in 
Davis, California, is the Corps principal reservoir simulation model. Water supply 
analysis capabilities include options for period-of-record optimization of water 
supply storage and yields, conservation operation which distinguishes between 
desired and required (essential) water supply demands, provisions for monthly or 
seasonally varying reservoir operation levels (rule curves), a variety of water 
supply diversions, and consideration of evaporation. Multipurpose, multireservoir 
systems may be simulated with hourly, daily, weekly or monthly simulation intervals. 

In addition to Corps of Engineers applications, the HEC-5 program has been 
widely applied by other federal agencies, state water resource agencies and 
domestic and foreign engineering firms. The 1979 and 1982 versions of HEC-5 will 
be replaced by the soon to be released 1984 version which will provide improved 
analysis capabilities for water supply, hydropower, and flood control simulations. 
In addition, the 1984 version will incorporate code modifications which simplify 
and modularize the code in order to minimize program maintenance, enhance 
readability, facilitate program improvements and enhance hardware adaptability. 

INTRODUCTION 

Computer program HEC-5 I8Simulation of Flood Control and Conservation Systems," 
(HEC, 1982) has been developed at the Hydrologic Engineering Center (HEC) by 
Bill S. Eichert, Director of the HEC. HEC-5 has evolved during the eleven years 
(1973-1984) of its development from a single purpose, single flood event simulation 
mode1 to a comprehensive multiple purpose, period-of-record simulation model which 
has become the principal reservoir system analysis program of the Corps of 
Engineers. The HEC-5 development has expanded in that period in response to 
specific needs of the Corps of Engineers. The initial development focused on the 
simulation of flood control reservoir systems during individual floods and the 
determination of flood damages. During the latter seventies, in response to the 
Corps leadership role in the National Hydropower Study, enhanced capabilities for 
the simulation and sizlng of hydropower facilities were added. During the past two 
years, in response to Increased Corps interest in the solution of water supply 
problems, there have been a series of program Improvements directly related to 
water supply analysis. In addition to expected further development for water 
supply analysis, planned program development in the next two years includes: 
continued efforts to modernize and improve program code to ease program 
maintenance, efficiency and adaptability; addition of more detailed hydropower 
design related options; and application and testing of the water quality version 
HEC-5Q (HEC, 1982) of the program. 

lpresented at the Twentieth Annual American Water Resources Association 
Conference, Washington, D. C., August 14, 1984. 

2~espectively, Hydraulic Engineer and Di rector, U.S. Army Corps of Engineers, 
The Hydrologic Engineering Center, 609 Second Street, Davis, CA 95616 



HEC-5 is currently being applied by the HEC in two on-going Corps of Engineers 
water supply investigations. These studies not only provide needed assistance to 
the local Corps District office, but also provide the HEC with an opportunity to 
test program developments in a variety of field conditions. The HEC also is 
currently providing assistance to other agencies in the application of HEC-5 to 
water supply analysis, most notably, the U.S. Bureau of Reclamation and the United 
Nations Development Program in India. 

OVERVEIW OF HEC-5 CAPABILITIES 

HEC-5 is capable of simulating the operation of systems of reservoirs for both 
flood control and conservation requirements. Detailed information on the program's 
capabilities, as well as example applications is contained in the HEC-5 Users 
Manual (HEC, 1982); a brief listing of HEC-5 capabilities is also displayed in the 
accompanying Table 1. Reservoir operation for conservation can include hydropower 
and water supply releases which consider the availability of reservoir storage. 
Releases can be based on requirements at the reservoir or at any number of 
downstream control points. Flood control releases for downstream control points 
include the impact of routing as well as intervening local flows. To provide 
realistic simulations, a forecast time (for downstream flows) and a contingency 
factor may be specified. Five hydrologic routing methods including Muskingum and 
Modified Puls are available for use with HEC-5. 

The allocation of reservoir storage or levels (see Figure 1 )  for flood control 
and conservation storage can vary monthly or on a seasonal basis. The basic 
operation of the program, while a reservoir is above the top of the conservation 
storage (i.., in the flood control storage zone), is to maximize reservoir 
releases without causing flooding at downstream locations until such a time as the 
reservoir is lowered to the top of the conservation zone. 

Flood control releases consider: 
capacities of spi 1 lways and other 
outlet works; rates of change; safe 
channel capacities at the dam and at TOP flood control 

designated downstream control points; 
the effects of routing; releases from 
other reservoirs; local uncontrolled 
flows; forecasting; contingencies and 
operational priorities. 

During time periods when a 
reservoir level is below the top of the 
conservation level the basic operation Fig. 1 Reservoir Operating Levels 
is based on minimizing releases while 
providing for all conservation demands 
until such a time as the reservoir must make flood control releases. Within the 
conservation storage zone is another storage level termed the buffer level. 
Releases made while storage 1s below the buffer level are only made to satisfy 
essential water supply requirements (called required flows In HEC-5 output). 
Conservation releases consider: specified flow requirements at the dam and at 
designated downstream control points; availability of conservation storage (i.e., 
desired f'lows when storage is sufficient and required flows when main conservation 
storage is depleted); hydropower generation requirements; downstream diversions; 
releases from other reservoirs; routing effects; local uncontrolled flows; 



GENERAL CAPABILITIES HYDROPOWER OPERATION 

Any c o n f i g u r a t i o n  o f  r e s e r v o i r  
system ( t h e  upstream most 
l o c a t i o n s  must be r e s e r v o i r s )  

Operat lan o f  gated r e s e r v o i r  
o u t l e t s  based on downstream f lows 
cons ider ing  r o u t i n g  e f f e c t s .  

F l e x i b l e  output  - user designed, 
sequent ia l ,  annual summaries, 
f l o o d  summaries, e tc .  

Hydrologic  r o u t i n g  methods. 

Forecas t ing  a b i  1 i t y  and 
cont ingency f a c t o r  which l i m i t  
ope ra t i on  e f f i c i e n c y .  

User ove r r i de  o f  r e s e r v o i r  
re' leases. 

Va r iab le  t ime steps (hour ly ,  
d a i l y ,  weekly, monthly or 
m i x t u r e )  . 
Capable o f  per iod-of- record 
s imu la t ions ,  any number o f  f loods  
- u n l i m i t e d  number o f  t ime 
per lods .  

I n f l o w s  may be incremental or 
cumulat ive, and average or  end o f  
per iod .  

Seasonal Reservoir  opera t ion  
( r u l e  curves) 

FLOOD CONTROL OPERATION 

Flood damages or  average annual 
damage - annual peaks o r  seasonal 
and d u r a t i o n  e f f e c t s .  

F lood c o n t r o l  system operat ion.  

Emergency Gate Regulat ion. 

Va r iab le  channel capaci ty .  

Opt imiza t ion  o f  i n s t a l l e d  
capac i ty  or monthly energy 
product ion  based on firm energy 
approach. 

Energy demands: system and a t  
s i t e  (monthly, d a i l y ,  h o u r l y )  o r  
p l a n t  f a c t o r  v s percent 
conservat ion storage. 

Ta i lwater :  r a t i n g  curve, 
downstream rese rvo i r  or b lock  
loading.  

Peaking c a p a b i l i t y .  

Pumped storage s imu la t ion .  

WATER SUPPLY OPERATION 

Opt imiza t ion  o f r e s e r v o i r  
storage, y i e l d s  and d ivers ions .  

Opt imiza t ion  o f  downstream 
c o n t r o l  p o i n t  water supply 
demands, 

S p e c i f i c a t i o n  o f  requ i red  and 
des i red  f l o w  goals a t  rese rvo i r s  
and a t  c o n t r o l  po in t s .  

Divers ions t o  upstream or 
downstream loca t i ons .  

Balanced rese rvo i r  l e v e l s  f o r  
opera t ion  o f  rese rvo i r  systems. 

WATER QUALITY OPERATION (ONLY 
AVAILABLE I N  HEC-5Q VERSION) 

M u l t i - l e v e l  gate operat ion.  

Flow a l t e r a t i o n .  

Temperature ana lys is .  

3 nonconservat ive parameters. 

3 conservat ive parameters. 

Phytoplankton ana lys is .  

D a i l y  and monthly t ime steps. 
3 



fo recas t ing ;  cont ingencies; and opera t iona l  p r i o r i t i e s .  Opt imiza t ion  s tud ies  can 
a l s o  be accomplished w i t h  HEC-5 t o  determine rese rvo i r  storages, water supply 
y i e l d s ,  d ivers ions ,  and hydropower capac i t i es  and energy product ion.  

Time ser ies  data ( i .e . ,  i n f l o w s )  may be s p e c i f i e d  w i t h  t ime increments rang ing  
from one hour t o  one month. Any number o f  f l o w  per iods may be spec i f ied ,  and t ime 
i n t e r v a l s  may be va r ied  w i t h i n  a  g iven s imu la t ion .  I n f l o w  data may be e i t h e r  
cumulat ive or Incremental and e i t h e r  average or end o f  pe r iod  values may be 
spec i f i ed .  Me t r i c  or  Eng l i sh  u n i t s  may be spec i f i ed .  

HEC-5 WATER SUPPLY ANALYSlS CAPABILITIES 

Reservoir  opera t ion  t o  p rov ide  water suppl ies t o  meet downstream low f l o w  
requirements such as mun ic ipa l  and i n d u s t r i a l ,  i r r i g a t i o n ,  nav iga t ion ,  f i s h e r y  
maintenance, r e c r e a t i o n  or  water q u a l i t y  needs may be s imulated w i t h  HEC-5. 
D e t a i l e d  in fo rmat ion  on the  a p p l i c a t i o n  o f  HEC-5 f o r  the s imu la t i on  o f  water supply 
r e s e r v o i r s  i s  contained i n  D r a f t  T r a i n i n g  Document 20, Water Supply S imula t ion  
Using HEC-5 (HEC, 1983). Two types o f  low f l o w  releases may be spec i f ied :  minimum 
des i red  f lows and minimum requ i red  f lows. Reservoirs operate t o  re lease f lows t o  
s a t i s f y  minimum desi red f l o w  c r i t e r i a  when opera t ing  i n  the conservat ion storage 
zone w h i l e  above the b u f f e r  l e v e l .  I n  HEC-5 the  b u f f e r  l e v e l  represents the  
storage l e v e l  a t  which a  t r a n s i t i o n  i s  made from normal water supply opera t ion  
(minimum desi red f lows)  t o  an operat ion f o r  water supply (minimum requ i red  f l ows )  
d u r i n g  drought cond i t ions .  Hinimum des i red  and requ i red  f lows may be s p e c i f i e d  a t  
r e s e r v o i r s  or non-reservoi r  c o n t r o l  p o i n t s  as constant  values, as f lows which vary 
monthly or  as minimum f lows which vary pe r iod  by per iod.  

Water supply d ivers ions ,  o f t e n  pr imary fea tures  i n  t y p i c a l  water supply 
systems, may be inc luded i n  HEC-5 s imu la t i on  models. HEC-5 d i v e r s i o n  op t ions  
i nc lude  constant,  monthly vary ing,  pe r iod  vary ing,  as w e l l  as d ivers ions  which a r e  
func t i ons  o f  stream f low,  r e s e r v o i r  storage, or a v a i l a b l e  pumping energy. 
D ivers ions  may be made a t  bo th  rese rvo i r s  and non-reservoir  c o n t r o l  po in t s  and may 
r e t u r n  t o  the  system a t  upstream or  downstream loca t i ons .  Rout ing e f f e c t s  and 
percent  o f  f l o w  r e t u r n i n g  t o  the  system can a l s o  be spec i f ied .  

Dur ing  water supply r e s e r v o i r  p lann ing  s tud ies  i t  i s  u s u a l l y  des i rab le  t o  
determine the  minimum conservat ion storage based on a  f l ow  sequence (usua l l y  the  
h i s t o r i c  per iod-of- record)  which w i l l  be requ i red  t o  meet p ro jec ted  water supply 
requirements. The y i e l d  problem, i n  which a  f i x e d  amount o f  conservat ion storage 
i s  a v a i l a b l e  and i t  i s  des i red  t o  determine the  r e l i a b l e  water supply y i e l d ,  i s  
a l s o  t y p i c a l l y  addressed i n  water supply p lann ing  s tud ies .  So lu t ions  t o  these two 
p lann ing  problems can be der ived w i t h  the  HEC-5 o p t i m i z a t i o n  opt ions.  

The HEC-5 o p t i m i z a t i o n  s o l u t i o n  process employs i t e r a t i v e  s imulat ions us ing  a  
monthly t ime step and user-def ined a l lowab le  e r r o r  c r i t e r i a .  I n  order t o  reduce 
the  number o f  per iod-o f - record  s imu la t ions  t o  a  minimum, the  program uses e i t h e r  a  
user supp l ied  or an HEC-derived r u l e  o f  thumb approach t o  de f i ne  a  c r i t i c a l  
per iod.  When the o p t i m i z a t i o n  process has determined a  minimum storage or 
r e s e r v o i r  y i e l d ,  us ing  the  program-determined c r i t i c a l  per iod  t h a t  s a t i s f i e s  the 
user-suppl ied e r r o r  c r i t e r i a ,  the  program w i l l  then check the  r e s u l t s  o f  the 
o p t i m i z a t i o n  process by s imu la t i ng  the  opt imized storage or y i e l d  w i t h  the e n t i r e  
per iod-of- record.  The program's o p t i m i z a t i o n  op t i on  can be d i r e c t e d  t o  repeat the 
e n t i r e  sequence ( c r i t i c a l  pe r iod  determinat ion;  op t im iza t ion ;  per iod-of- record 
s imu la t i on )  up t o  two more times i f  requi red.  



The optim'ization for reservoir yield can be conducted for both the minimum 
desired flow (using the conservation pool above the buffer level) and the minimum 
required flow (using the entire conservation storage). Diversion schedules may 
also be optimized by the program. The 1984 version of HEC-5 provides for the 
optimization of yields (minlmum desired and required flows) and diversions at 
downstream locations with consideration for local flows. Earlier versions restrict 
the optimization to yields and diversions at the dam. Currently, reservoirs may 
only be optimized singly. It is anticipated that with continued interest by the 
various Corps District offices, the HEC-5 optimization capability will be extended 
to provide the ability to optimize yields for multiple reservoir systems. 

USE OF HEC-5 IN WATER SUPPLY STUDIES 

The HEC has recently completed a comprehensive application of HEC-5 for 
analysis of existing and proposed reservoirs in the L.ehigh River Basin, 
Pennsylvania, for the Philadelphia District, U.S. Army Corps of Engineers. The 
primary emphasis of the study was the analysis of reallocation of flood control 
storage to hydropower and water supply storage. 

The HEC developed four sets of HEC-5 models for analysis of the various 
reservoir alternatives. Ten alternative reservoir systems were analyzed with a 
daily simulation interval for water supply and hydropower production. Simulations 
were made with a 50-year period of mean daily natural flows. The 50-year daily 
simulation models were kept as simple as possible in order to keep execution times 
on the HEC HARRIS 500 computer to a minimum. A schematic of the HEC-5 daily 
simulation model for the Lehigh Basin is shown in Figure 2. In contrast, the HEC-5 
two-hour flood simulation model of the Lehigh Basin for a nine-day flood event 
required operation for thirty-one control points (reservoirs and damage centers). 

Reservoir yields for selected conservation storages at the existing and 
proposed reservoirs were determined with a set of HEC-5 models using a 50-year 
period of monthly flows. Additional hydropower simulations were made with a 
one-hour simulation interval to determine the performance of proposed pumped 
storage hydropower alternatives. 

The HEC is currently applying HEC-5 in two ongoing Corps of Engineers water 
supply studies in Georgia and California. HEC-5 is also being applied with 
assistance from the HEC in two USBR studies in California and Arizona and by the 
United Nations Development Program personnel in India. 

SUMMARY 

HEC-5 is a widely utilized U.S. Army Corps of Engineers reservoir system 
simulation model which has broad water supply analysis capabilities. The program 
source code, documentation, and applications assistance are available from the 
Hydrologic Engineering Center, 609 Second Street, Davis, California, 95616. It is 
anticipated that a new version of HEC-5 which incorporates water supply analysis 
and hardware adaptability enhancements wlll be released in the fall of 1984, 
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