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HEC CONTRIBUTION TO RESERVOIR SYSTEM  OPERATION^ 
by 

2 Bill S. Eichert and Vernon R .  Bonner 3 

INTRODUCTION 

This paper describes the role of The Hydrologic Engineering Center 

(HEC) of the United States Army Corps of Engineers i n  developing and 

dis t r ibut ing information concerning the use of mathematical models for  

reservoir system operations. The paper describes the work of the Center i n  

t h i s  area, and presents background information on the exhibits used by HEC 

during the workshop. Exhibits include several wall board displays, a tab le  

display of pertinent HEC publications, a slide-voice casset te  on HEC 

activities, and a cathode ray tube (CRT) demonstration of HEC capabili ty t o  

simulate real -time operations of several flood control reservoirs.  

The wal I board dispiays include exhibits i l l u s t r a t ing  HEC ' s  technology 

t ransfer  mechanisms (see reference 1 ) which include videotape dis t r ibut ion 

of 1 ectures on Reservoir Analysis; source deck dis t r ibut ion of the generalized 

computer programs, Reservoir System Analysis fo r  Conservation (HEC-3) and 

Simulation af Flood Control and Conservation Systems (HEC-5); and t raining 

courses i n  Reservoir System Analysis, Hydropower, and Real -Time Control of 

Water Projects, Other wall displays cover descriptions of computer program 

'Paper describing HEC exhibits a t  National Workshop on Reservoir System 

.-l 

Operations a t  Boulder, Colorado, August 13-1 7 ,  1979. 
L Director, The Hydrologic Engineering Center, U .  S. Army Corps of Engineers, 
Davls, California. 

3~ydrau l i c  Engineer, The Hydrologic Engineering Center. 



capabil i t i e s  f o r  HEC-3 and HEC-5 and charts showing reservoir systems 

where these models have been used. A table  display contains samples of 

various HEC publications concerning reservoir system operation, including 

trainfng course manuals, technical papers and program manual s . A 35mm 

s l  ide presentation, w i t h  audio casset te ,  i s  used to describe the various 

actTvities of the Center. 

The interact ive session on a cathode ray tube terminal demonstrates 

the resul ts  of HEC research i n  developing techniques f o r  flood forecasting, 

simulating the reservoir operation and displaying information in tabular 

and graphical forms ,for flood control systems. A separate paper, "On-Line 

Reservoir System Analysis ," describes the interact ive session. The develop- 

ment, support, and application of HEL reservoir system programs are  described 

i~ the following sections. 



COMPUTER PROGRAM DEVELOPMENT 

The need for  comprehensive generalized computer programs for  use i n  

planning and operating mu1 t i  purpose reservoir systems ar ises  from the 

large investments i n  manpower and money required to  develop separate programs 

fo r  each system. The cost of a separate computer program for  a system would 

depend upon many factors ,  but costs of $50,000 t o  $200,000 would be the 

approximate range of such special programs. Several general ized programs 

have been developed for  these purposes, including two such programs a t  HEC. 

Well-known generalized computer programs for  flood forecasting include the 

National Weather Service model s (references 2 and 3) , the United States 

Army Corps of Enqineers North Pacific Division ( N P D )  model called SSARR 

(reference 4 ) ,  the Hydrocomp model (reference 5) and the HEC-1 model 

(reference 6 ) .   el 1-known simulation models for  mu1 ti purpose reservoir 

operation include HEC-3 (references 7 and a ) ,  HEC-5 (reference 9), the 

NPD SSARR-HYSTS (reference 10) models and t h e  SUPER program (reference 11 ) 

which was developed by the Southwestern Division off ice of the Corps of 

Engineers. 

The i n i t i a l  e f f o r t  a t  HEC in reservoir system operation s tar ted i n  

'1 966 with the devcl opment of a monthly mu1 t i  purpose reservoir operation 

model (HEC-3) to  be used i n  the planning of reservoir systems including 

flood control, hydropower and water supply. Numerous basins have been 

 odel led w i t h  t h i s  program as shown i n  Table 1 and discussed in the program 

application part of t h i s  paper. 



The development of a generalized model which would handle short- 

interval system operation required for planning and real-time reservoir 

operation was started in 1972 with the development of the HEC-5 computer 

program. The HEC-5 model was constructed so t h a t  i t  could perform monthly 

operations of multipurpose reservoir systems similar t o  the HEC-3 model, 

b u t  which could also simulate short-interval routings ( i  .e. ,  daily or multi- 

hourly) and mixtures of the time intervals. Some of the applications of 

the model are shown in Table 2 and are discussed i n  the applications section 

of th is  paper. 

Comparisons of the HEC-3 and HEC-5 reservoir operation models along 

with the HEC rainfall -runoff model, HEC-1 ,  are shown in Table 3. A brief 

overview of the capabilities of HEC-1,  HEC-3 and HEC-5 are shown in 

Figures 1-3. Technical procedures used in the models are shown i n  

references 12-14. Training course manuals, which also present technical 

procedures and program usage, are shown i n  references 15-17. Other related 

HEC documents are shown in the publications l i s t ,  reference 18. Videotapes 

of various HEC lectures on technical procedures and the use of the computer 

programs are contained in the HEC videotape catalog (reference 19). 



COMPUTER PROGRAM SUPPORT 

The Center plays a key role in the dissemination of information 

on hydrologic and analytical planning techniques to  practicing engineers. 

Information i s  disseminated primarily t o  Corps off ices;  however, hundreds 

of off ices  in other U.S. federal and s t a t e  agencies, and a t  

universi t ies ,  consul t i  ng engineering firms and foreign governments receive 

our programs and publications. The Center uses several methods to  disseminate 

technical information as discussed i n  the fol lowing paragraphs (a1 so see 

HEC Technical Papers 29 and 4 9 ) .  

Source Deck Distribution 

As shown in Table 4 ,  the HEC has distributed thousands of source decks 

t o  a variety of different  off ices .  Based on our l a t e s t  survey in November 

1976, over 2,000 source decks are s t i l l  considered act ivelby the using 

off ices .  Each year approximately 600 new source decks a re  requested. 

Assistance to  program users i s  provided, to  the extent possible, i n  imple- 

menting the models on the i r  equipment, answering questions on use of models 

and eliminating program malfunctions. These services are  provided without 

charge except tha t  non-U.S. federal agencies are  charged a reproduction 

and handling fee f o r  each source deck provided. 

Documentation 

Computer program documentat ion i s  general ly accompl i s  hed with separate 

users (see references 7 and 9) and programmers manuals (see reference 8 ) .  

The programmers manual provides useful informati on f o r  getting the program 

running on the users computer, and the users manual explains what the 



program does, the technical procedures used, how t o  code input fo r  the 

program, and how to interpret  output. Notification of program error  

corrections and improvements i s  made to  a l l  current source deck holders 

periodically. Other HEC publications include training course manuals, 

news 1 e t t e r s  , professional papers and computer program abstracts .  The Center 

a l so  provides "on-line" information on the two computer systems used by 

most Corps offices.  

Formal Training Courses -. 

Each year, approximately 24 weeks of training are  provided by HEC 

f o r  Corps personnel in 1 to  2-week courses. Approximately 2 t o  4 spaces 

in these courses are  reserved for  personnel from other U.S. federal ,  s t a t e  

and university off ices .  Two special 4-week courses were given to  foreign 

representatives in 1972 and 1974 as a United States contribution t o  the 

International Hydrological Decade. HEC course manuals for reservoir systems 

are  contained in references 15-17. Many universit ies are  using HEC-developed 

t raining course materials and/or HEC computer models in t h e i r  courses. Even 

w i t h  the courses now offered, there i s  insuff ic ient  training available to  

the non-Corps program user. 

Videotapes and Instructional Material -- 

Many of the lectures in HEC courses have been videotaped (see reference 19) 

and the tapes a re  being loaned out along with instructional material ( lecture 

notes, visual a ids  and references). These tapes are  particularly useful 

when someone who has taken the course i s  available to  answer questions 

a f t e r  the tapes are viewed. Visitors to  HEC desiring individual training 



on a computer model often use these videotapes before getting individual 

help on solving a par t icular  problem. Ten v is i tors  from Brazil recently 

received 4 weeks of training a t  HEC using th i s  approach. 

Pub1 ications 

Application papers are  often prepared as HEC a s s i s t s  various Corps 

off ices  in using computer programs in planning and operational studies.  

Table 5 shows a l l  of the HEC technical papers dealing with reservoir 

system analysis.  Additional information on applications i s  distributed 

through HEC courses, training documents (20), and seminars (see references 21, 

22). 

User Assistance 

Other ways of supporting the computer programs besides formal informa- 

t ion dissemination vehicles include assis t ing off ices  in using the programs 

when problems a r i se ,  making modifications to  programs to  a s s i s t  user 's  

needs and developing supplemental software to  enhance the use of the programs. 

Examples include the GETUSGS routines developed to  provide USGS daily and 

monthly flows on computer systems used by the Corps, and a program which 

develops inflows for  the HEC-5 using real-time information on reservoir 

re1 eases, pool el evations , and r iver  stages. 

Personal Contacts 

Technology t ransfer  i s  also greatly enhanced by personal conversa- 

t ions by telephone, by v i s i t s  t o  HEC and by HEC personnel attending 

professional conferences and writing papers. 



COMPUTER PROGRAM APPLICATIONS 

Over the years, both HEC-3 and HEC-5 have been applied to  many 

different  types of reservoir problems. The applications l i s t ed  i n  

Tables 1 and 2 and discussed here are  1 imited t o  those the Center has 

had a major role .  Many of the studies have been presented i n  the HEC 

Technical Papers (T.P.) shown in Table 5. The applications outlined 

here were selected as examples of various types of planning and 

operational studies.  

Yield Potential 

The basic procedures fo r  safe yield analysis were presented by Beard 

in 1965 (T.P. 3 ) .  He concluded tha t  the detailed routing studies 

using historical streamflow sequences was the general procedure used in 

the United States.  The Reservoir Yield Program (reference 23) was 

re1 eased in 1966 t o  perform mu1 t i  purpose, s i  ngl e-reservoi r yiel  d studies . 
A demonstration of the advantages of detailed sequential analysis over 

"short cut" methods i s  presented in T.P. 14 and an application i s  shown 

in the update determination of the Delaware River yield (T.P. 16) .  A 

comparison of HEC-3 w i t h  the Texas Water Development Board's SIMYLD 

program i s  given in T .P .  32 and a comparative study on drought severity 

and water supply dependability was performed w i t h  HEC-3 (T.P. 30). 

Storage Requirements 

The storage requirement type of study i s  the complement of the yield 

study in tha t  the demand i s  given and the required storage i s  the unknown. 

In T.P. 7 ,  the Reservoir Yield Program was used t o  determine storage 



required to  meet water quality demands. The HEC-4 program, Monthly 

Streamflow Simulation (reference 24) was used to  estimate the missing 

monthly flows f o r  the selected study period. A total  of 46 s i t e s  were 

evaluated f o r  actual water demands and 10 times those demands. The 

use and advantages of using simulated streamflow in water yield analysis 

a re  presented in T.P. 10. 

Reservoir System Expansion 

The argument for  the use of a generalized reservoir system program 

f o r  planning and analysis was made by Beard i n  1967 ( T . P .  4 ) .  A t  t ha t  

time, HEC-3 had been used in preliminary studies to  evaluate the Susquehanna 

and Wil lamette River Basins and several small e r  systems. Technical 

Papers 4 and 9 a re  mainly descriptive of the HEC-3 program capabil i t  ies . 
Application of HEC-3 to  the Kanawha River Basin i s  presented i n  T.P.  23. 

The study involved al ternat ive plans with 13 to  18 reservoirs and 16 control 

points. While most typical project purposes were evaluated i n  the study, 

the paper only discusses water qua1 i t y ,  reservoir recreation and stream 

recreation and fishery. 

Reservoir system expansion f o r  flood control on the Susquehanna River 

System was studied using the HEC-5 program (T.P. 44). Technical Paper No. 44  

describes the HEC-5 program and the f l  ood control system formulation strategy. 

The program ' s  capabil i t y  to  compute the Expected Annual Damages from flooding 

was used t o  evaluate al ternat ive reservoir systems. An interest ing aspect 

of the study was the sens i t iv i ty  of the expected annual damages to  the system 

hydro1 ogy . 



Hydropower Potential  

None of the  Technical Papers describes the  application of HEC-3 o r  

HEC-5 t o  the  problem of determining the power potential  of a s i t e .  HEC-3 

has been used i n  several s tudies  (Willamette River Basin i n  Oregon and 

Cache and Keetna Projects  i n  Alaska) t o  determine power po ten t ia l .  The 

HEC-5 program has been applied t o  80 ex i s t ing  reservoirs t o  automatically 

determine dependable capacity and firm energy on promising s i t e s  

determined from the  Phase I screening of the  National Hydropower Study. 

Software has been developed t o  c r ea t e  the  input data f i l e s  f o r  HEC-5, and 

i t  i s  expected t o  be appl ied t o  approximately 2,500 power s i t e s  . 
Flood Control Measures 

Both HEC-1 and HEC-3 have been used f o r  flood control planning. A 

special  version of HEC-1 has the  capab i l i ty  t o  optimally s i z e  flood control 

measures i n  an urban flood control system (T.P. 42). However, the  current  

flood control reservoir  s tudies  a r e  u t i l i z i ng  HEC-5. (T.P. 41 and 43). 

Training Document No. 7 (reference 20) demonstrates the  basic approach used 

w i t h  HEC-5 t o  perform flood control planning. Measures evaluated include 

(1 ) reservoirs ,  (2 )  levees o r  floodwalls, (3 )  channel modifications, (4)  diver-  

s ions ,  (5)  flood forecast ing,  ( 6 )  flood proofing, (7)  re locat ion,  and (8) flood 

warning. Concepts of system formulation and assessment a r e  a l so  presented. 

Power Operations - 
A major power operation study was performed w i t h  HEC-3 on the  Arkansas- 

White-Red River Basins (T.P. 24, 28, 31 and 33).  The system consisted of 

23 ex i s t ing  or authorized projects ,  i n  three  r i ve r  basins,  operating i n  



an interconnected electr ical  system. The system operates fo r  flood control ,  

hydroelectric power, water supply, navigation, f i s h  and wild1 i f e ,  water 

quality and recreation. The constraints of the many project purposes 

and legal-insti tutional constraints made the allocation of system power 

demands to  the 19 power projects a d i f f i c u l t  problem. Technical Paper No. 24 

describes the model and the srystem; T.P.  28 describes the system s tu  

T . P .  31 describes rule curve development; and T.P.  33 describes integrated 

use of hydroelectric and thermal power. 

An operating study using HEC-5 to  simulate a tandem three-reservoir 

system with pump-back capabili ty i s  described in Technical Paper No. 60. 

The program's system power routine was used to  keep the system in balance 

whi 1 e meeting downstream minimum flow constraints.  The study was made 

to  determine the effects  pump-back operation might have on energy production 

and other project purposes. Simulation resu l t s  for  daily and hourly routings 

incl uded reservoir areas,  elevations and pool fluctuations,  as  we1 1 as  

energy production data. 

Storage A1 location 

The a1 1 ocation of flood control storage i n  a mu1 tip1 e-purpose project 

i s  described in Technical Paper No. 34. The analysis was based on an 

economic analysis for  a l l  purposes in an attempt t o  derive the economically 

optimum flood control diagram. The univariate gradient technique (reference 25) 

in HEC-1 was the optimization procedure empl~yed. The expected value of 

flood damages was weighed aga,inst the economic benefits from conservation 

storage to  determine the "optimum" a1 1 ocation. 



Flood Control Operations - 

The application of a reservoir simulation model to  real-time flood 

control operations requires streamflow forecasting, an operation model, 
I 

and rapfd analysis.  The development of a l l  three,  using HEC-5 as the 

operation model, i s  described in T .P .  45. The application of the HEC-5 

Fl ood Damage Cal cul ations to  eval uate a1 ternative operation pl ans i s  

a1 so described. The expected value of annual damages provides a quanti ta- 

t i v e  measure of the benefits from various forecasting and operational 

schemes. 

There have been other studies,  as varied as reservoir problems can 

be. Unfortunately, many of the studies were never described in a complete 

paper or  report .  These few examples, however, show the variety of possible 

applications of generalized simulation models. 
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TABLE 3 

COMPARISONS OF HEC PROGRAMS 
(HEC-I ,  3 ,  5 )  

I tem HEC-1 

1 . Deternines  runof f  from r a i n f a l l  Yes 
2. Runoff i npu t  by incremental  l oca l  f lows Yes 
3. Runoff i npu t  by cumula,tive l oca l  f lows  N o 
4 .  A1 1 ows period-of - record  runs N o 
5. Allows f o r  i nd iv idua l  and group 

r e s e r v o i r  ope ra t i on  f o r :  
a .  Any con f igu ra t i on  system 
b. Flood Control 

(1 ) Routing by 1 i n e a r  and 
nonl i n e a r  methods 

( 2 )  Operation f o r  downstream 
f 1 oodi ng 

(3)  By lagging  o f  f lows  
c .  Water Supply 

Yes 

Yes 

(1 ) For minimum flows a t  r e s e r v o i r  Yes 

(2 )  For minimum flows a t  downstream 
p o i n t s  No 

(3 )  Diversions Yes 

(4) Considers Evaporation No 
d. Hydropower ( l oad  and head) 

(1 ) Ind iv idua l  Reservoi rs  

( 2 )  Reservoi r  Sys tems N o 
e .  Qua1 i t y  Eva1 ua t ion  i n  Reservoi rs  

(1 ) Non-degradable No 
( 2 )  Degradable 

f. Economic Evaluat ion 

(1 ) Flood Control 
( 2 )  Conservation 

Yes 
No 

HEC-3 HEC-5 -. 
N 0 No 

Yes Yes 
Yes No 
Yes Yes 

Yes Yes 

No Yes 

NO Yes 
Yes Yes 

Yes Yes 

Yes Yes 
Yes Yes 
Yes Yes 

Yes Yes 
Yes Yes 

N~~ Yes 
Yes Hydropower 

' observes f l ood  con t ro l  c o n s t r a i n t s  f o r  c u r r e n t  per iod  w i t h  no r o u t i n g .  

'Singl e r e s e r v o i r  conserva t ion  program has this ab i  1 i t y  . 
3 ~ v a i l a b l e  f o r  spec i a l  vers ion  (no r o u t i n g ) .  
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TABLE 5 

HEC TECHNICAL PAPER SERIES ON RESERVOIR SYSTEMS 

P a p e r  No. 

3 METHODS FOR DETERMINATION OF SAFE Y IELD AND COMPENSATION 
WATER FROM STORAGE RESERVOIRS, L e o  R. B e a r d  ( A u g u s t  1 9 6 5 )  

4 FUNCTIONAL EVALUATION OF A WATER RESOURCES SYSTEM, L e o  R. B e a r d  
( J a n u a r y  1 9 6 7 )  

7 P I L O T  STUDY FOR STORAGE REQUIREMENTS FOR LOW FLOW AUGMENTATION, 
A. J. F r e d r i c h  ( A p r i l  1 9 6 8 )  

9 ECONOMIC EVALUATION OF RESERVOIR SYSTEM ACCOMPLISHMENTS, L e o  R .  
B e a r d  (May 1 9683 

HYDROLOGIC SIblULATION I N  WATER-YIELD ANALYSIS, L e o  R. B e a r d  ( 1 9 6 4 )  

TECHNIQUES FOR EVALUATING LONG-TERM RESERVOIR YIELDS, A. J. F r e d r i c h  
( F e b r u a r y  1 9 6 9 )  

A HYDROLOGIC WATER RESOURCE SYSTEM MODELING TECHNIQUE, L .  G. H u l m a n  
(1 9 6 9 )  

HYDROLOGIC ENGINEERING TECHNIQUES FOR REGIONAL WATER RESOURCE PLAN- 
NING, A. J. F r e d r i c h  a n d  E. F .  H a w k i n s  ( O c t o b e r  1 9 6 9 )  

USES OF SIMULATrON I N  RIVER BASIN PLANNING, W i l l  i a m  K. J o h n s o n  
and E. T. McGee ( A u g u s t  1 9 7 0 )  

HYDROELECTRIC POWER ANALYSTS I N  RESERVOIR SYSTEMS, A. J. F r e d r i c h  
( A u g u s t  1 9 7 0 )  

STATUS OF WATER RESOURCE SYSTEMS ANALYSIS, L e o  R. B e a r d  ( J a n u a r y  1 9 7 1 )  

SYSTEM RELATIONSHIPS FOR PANAMA CANAL WATER SUPPLY, L .  G. Hu lman  
( A p r i l  1 9 7 1 )  

SYSTEMS ANALYSIS OF THE PANAMA CANAL WATER SUPPLY, D. C. L e w i s  
a n d  L .  R. B e a r d  ( A p r i l  1 9 7 1 )  

D I G I T A L  SIMULATION OF AN EXISTING WATER RESOURCES SYSTEM, A. J. 
F r e d r i c  h ( O c t o b e r  1 9 7 1  ) 

DROUGHT SEVERITY AND MATER SUPPLY DEPENDABILITY, L .  R. B e a r d  a n d  
H. E. K u b i  k ( J a n u a r y  1 9 7 2 )  



TABLE 5 ( con t )  

HEC TECHNICAL PAPER SERIES ON RESERVOIR SYSTEMS 

Paper No. 

DEVELOPMENT OF SYSTEM OPERATION RULES FOR AN EXISTING SYSTEM 31 
BY SIMULATION, C. Pa t  Davis  and A. J .  F r e d r i c h  (October 1971) 

32 ALTERNATIVE APPROACHES TO WATER RESOURCE SYSTEM SIMULATION, 
L.  R. Beard, Arden Weiss, and T. A1 A u s t i n  (May 1972) 

33 SYSTEM SIMULATION FOR INTEGRATED USE OF HYDROELECTRIC AND THERMAL 
POWER GENERATION, A. J .  F r e d r i c h  and L.  R. Beard (October 1972) 

34 OPTIMIZING FLOOD CONTROL ALLOCATION FOR A MULTIPURPOSE RESERVOIR, 
Fred K. Duren and L .  R. Beard (August 1972) 

4 I HEC-56, A SIMULATION MODEL FOR SYSTEM FORMULATION AND EVALUATION, 
B i l l  S. E i c h e r t  (March 1974) 

42 OPTIMAL STZING OF URBAN FLOOD CONTROL SYSTEMS, D a r r y l  W .  Davis  
(March 1974) 

43 HYDROLOGIC AND ECONOMIC SIMULATION OF FLOOD CONTROL ASPECTS OF 
WATER RESOURCES SYSTEMS, B i l l  S. E i c h e r t  (August 1975) 

44 SIZING FLOOD CONTROL RESERVOIR SYSTEMS BY SYSTEMS ANALYSIS, 
B. S. E i c h e r t  and D. W. Davis  (March 1967) 

45 TECHNIQUES FOR REAL-TIME OPERATION OF FLOOD CONTROL RESERVOIRS I N  
THE MERRIMAC RIVER BASIN, B. S. E i che r t ,  J. C. Peters ,  and 
A. F. Pabst (November 1975) 

6 0 OPERATIONAL SIMULATION OF A RESERVOIR SYSTEM WITH PUMPED STORAGE, 
G. F. YlcMahon, V. R. Bonner, and B. S. E i c h e r t  (February 1979) 



FIGURE 1 

HEC-1 FLOOD HYDROGRAPH PACKAGE 

1 . Rainfall -Runoff Model using u n i t  hydrographs o r  kinematic wave for  
short-time interval floods. 

2. Basin average rainfal l  from recorders and nonrecorders or given 
basin average precipitation. 

3 .  Rainfall and snowmelt excess from e i ther  simple or  complex loss 
function. 

4. Snow accumulation and snowmel t computations for  a number of elevation 
zones w i t h i n  each subbasin. 

5 .  Optimization features for  deriving u n i t  hydrograph and loss ra te  
coefficients o r  stream-routing c r i t e r i a .  

6. Subbasin hydrographs are  computed, combined and routed throughout 
any complex basins which may include reservoirs w i t h  simple storage- 
outflow relationships. 

7. Hydrographs are from i n p u t  historical or  design rainfal l  or  based on 
depth-area-duration data for  synthetic f l  oods . 

8. Computation of mu1 t i  flood, mu1 tip1 an schemes t o  compute average annual 
damages of various types a t  specified damage centers for each plan of 
development. 

9 .  Determination 0.f e f fec t  of tributary reservoir project on floods a t  
downstream 1 ocations, without u s i n g  numerous storm centeri ngs , through 
stream-system computation. 

10. Optimization of components of a flood control system based on m i n i m u m  
cost from flood damages and component costs.  



FIGURE 2 

HEC-3 RESERVOIR SYSTEM ANALYSJS FOR CONSERVATION 

1 . Monthly or  weekly period Reservoir System (any configuration) 
Operation simulation assuming no routing (flows are  available 
instantaneously throughout basin) . 

2. Individual and groups of reservoirs operating for  desired targets 
of water quantity a t  selected downstream control points based on 
balancing storages i n  reservoirs. 

3 .  Groups of reservoirs operating fo r  system power requirements i n  up  t o  
three different  power systems. 

4. Flood control constraints a re  observed on monthly or  weekly basis. 

5. Optimization routines for  determining maximum firm yield a t  a specified 
downstream control point from specified storages i n  upstream reservoir 
or  system of reservoirs.  

6. Diversions f o r  i r r iga t ion  or  other purposes a re  allowed a t  any reservoir 
or  downstream location t o  any other downstream point in the system or  
out of the system. 

7. Re1 a tes  hydro1 ogic or physical variables (flow, reservoir storage, 
hydropower) t o  economic returns through the use of benefit functions. 



FIGURE 3 

HEC-5 SIMULATION OF FLOOD CONTROL AND CONSERVATION SYSTEMS 

1 . Short-interval (and monthly) period mu1 ti purpose Reservoir System 
(any configuration) Operation simulator using 1 inear or  nonlinear 
channel routing. A1 so continuous period-of -record analyses possi bl e .  

2. Individual and system reservoirs operate t o  minimize flooding o r  
provide low flow a t  prescribed downstream points and t o  evacuate flood 
storage as rapidly as possible. 

3 .  Hydropower reservoirs operate fo r  project requirements and/or f o r  
allocated system energy requirements. Pump-storage operation i s  a lso 
available.  

4. Optimization routines can s ize conservation stsrage or  determine 
conservation yield (incl uding hydropower) . 

5. When there i s  a choice, selection of reservoirs t o  release from i s  
based on balancing reservoir storages using desired target  levels.  

6. Diversions (based on given schedules, channel flows or reservoir storages) 
may be made a t  any location and a portion may be routed and returned a t  
any downstream location. 

7. Regulated and unregulated flow hydrographs are  computed along w i t h  
flooding by reservoi r s  and total  re1 eases from upstream reservoirs. 

8. Multiple flood or multiple ra t ios  of a given flood may be computed 
a t  the same time. 

9. Extended duration floods, requiring more core storage than available 
fo r  single flood, are  operated automatically as a se r i e s  of floods 
using the multiple flood option w i t h  an overlap between floods to  
maintain continuity. 

10. Average annual damages and net system benefits can be calculated f o r  a 
ser ies  of a l ternat ive systems until  best system i s  found (process requires 
user to  se lec t  each al ternat ive system). 
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