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HEC SOFTWARE DEVELOPZ!EKT SUPPORT 

B i l l  S. E i c h e r t ,  ?:ember, ASCE* 

ABSTRACT: The Hydrologic Engineering Center  (HEC) of t h e  United S t a t e s  
Army Corps of Engineers (Corps),  s e r v e s  t h e  Corps i n  t he  a r ea  ef hydro-. 
l o g i c  engineer ing  and a n a l y t i c a l  p lanning  techniques.  The purpose i s  
t o  a s s i s t  Corps p r o f e s s i o n a l s  i n  apply ing  s t a t e -o f - the -a r t  technology 
t o  planning,  des ign  and ope ra t ion  problems i n  t he  water r e sou rces  f i e l d .  
This  i s  accomplished by developing new procedures  and techniques  (p r i -  
mar i ly  computer programs), t eaching  use of t h e  p r o g r a m i n  formal t r a i n -  
i n g  courses ,  developing and main ta in ing  a l i b r a r y  of s ta te -of - the-ar t  
computer programs, and a s s i s t i n g  Corps o f f i c e s  i n  apply ing  t h e  programs 
t o  c u r r e n t  s t u d i e s .  Th i s  paper  p r e s e n t s  t h e  HEC's g o a l s  and procedures  
necessary  t o  develop and support  t h e  l i b r a r y  of KEC computer programs. 
It a l s o  b r i e f l y  over~riews t h e  87 prJgrams t h a t  a r e  p r e s e ~ t l y  i n  the  
l i b r a r y  . 

INTRODUCTION TO HEC 

The Hydrologic Engineering Center (HEC) of t h e  United S t a t e s  Army 
Corps of Engineers  (Corps) is  l o c a t e d  i n  Davis, C a l i f o r n i a ,  and was es- 
t a b l i s h e d  i n  1964 t o  s e rve  t h e  52 D i s t r i c t  and Div i s ion  o f f i c e s  of t h e  
Corps i n  t h e  a r e a  of hydro logic  engineer ing .  Its mission was expanded 
i n  1971 t o  i nc lude  r e s p o n s i b i l i t y  f o r  development and implementation of 
a n a l y t i c a l  planning techniques .  The Center ' s  b a s i c  purpose is  t o  a s s i s t  
p r a c t i c i n g  eng inee r s  and p l anne r s  throughout  t h e  Corps i n  applying 
s ta te -of - the-ar t  technology t o  planning,  des ign  and ope ra t ion  problems 
i n  t h e  water  resources  f i e l d .  This  i s  accomplished by (1)  l o c a t i n g ,  
eva lua t ing  and/or  developing new procedures  and techniques  ( p r i m a r i l y  
computer programs),  ( 2 )  t eaching  t h e s e  and o t h e r  s ta te -of - the-ar t  tech- 
n iques  i n  approximately 24 weeks of formal t r a i n i n g  cour ses  each y e a r ,  
( 3 )  developing and main ta in ing  a comprehensive l i b r a r y  of s ta te-of- the-  
a r t  computer programs f o r  water  r e sou rces  planning and o p e r a t i o n  ( s e e  
Table I.), and (4) a s s i s t i n g  Corps o f f i c e s  i n  applying t h e s e  techniques  
i n  c u r r e n t  s t u d i e s .  

The Cen te r ' s  s t a f f  c o n s i s t s  of approximately 40 employees, includ- 
i ng  25 engineers ,  5 computer system ar la lys t s  and 10 t e c h n i c i a n s  and 
c l e r i c a l  support  personnel .  An annual  budget of about  $2,500,000 in-  
c ludes  $700,000 f o r  reimbursable  p r o j e c t  s t u d i e s ,  $400,000 f o r  t r a i n i n g ,  
$200,000 f o r  computer program (sof tware)  maintenance and $1,200,000 f o r  
r e s e a r c h  and development ( i nc ludes  developing and/or  improving computer 
models).  

9: D i r e c t o r ,  The Hydrologic ~ n ~ i n e e r i n ~  Center ,  609 Second S t r e e t ,  
S u i t e  D, Davis, C a l i f o r n i a  95616 USA. 
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The HEC's a r e a s  of t e c h n i c a l  e x p e r t i s e  a r e  i n  hydro1ogi.c engineer- 
ing ,  a n a l y t i c a l  t echniques  used i n  water  r e sou rces  p lanning ,  and 
r e l a t e d  computer app l i . ca t ions .  They inc lude  t h e  fol.lowing a r e a s :  

- Prec ip i t a t i on - runof f  p roces ses  
- Water r e sou rces  systems 
- Frequency and r i s k  a n a l y s i s  
- F l u v i a l  h y d r a u l i c s  
- Urban hydrology 
-, Water r e sou rces  planning 
- Real-time water  c o n t r o l  
- Hydropower 
-- Water supply 

HEC GOALS I N  SOFTWARE DEVELOPMENT 

Since t h e  miss ions  of HEC are accomplished through t h e  development 
and suppor t  of gene ra l i zed  sof tware ,  t h i s  paper  p r e s e n t s  t h e  HEC's 
goa l s  and procedures  neces sa ry  t o  develop and suppor t  t h i s  sof tware .  

T te  prjmary HEC g o a l  i-i so f tware  development i s  t o  provide  c f f i -  
c i e n t  t o o l s  t h a t  w i l l  b e  u s e f u l  t o  a l a r g e  number of people i n  perform- . 
i ng  important  t a s k s  i n  t h e  planning,  des ign  and o p e r a t i o n  of water  
r e sou rce  p r o j e c t s .  The sof tware  developed must r e p r e s e n t  s ta te-of- the-  
a r t  technology and inc lude  most a c c e p t a b l e  a l t e r n a t i v e  computational 
methods, where a p p r o p r i a t e .  

The programs must be w r i t t e n  i n  a  g e n e r a l i z e d  form s o  t h a t  a l l  
p r o j e c t  r e l a t e d  c h a r a c t e r i s t i c s  a r e  provided t o  t h e  program through 
i n p u t  d a t a  s o  t h a t  t h e  programs can be used on a  l a r g e  number of d i f -  
f e r e n t  water  r e sou rces  p r o j e c t s .  The computer sou rce  code must a l s o  be  
w r i t t e n  i n  a t r a n s p o r t a b l e  s t y l e  so  i t  can  be  used on a v a r i e t y  of  com- 
p u t e r  systems. Input  and u s e  of t h e  programs must be s imple and easy  
t o  understand t o  f a c i l i t a t e  u t i l i z a t i o n  of t h e  so f tware .  The output  
from t h e  programs must be c l e a r l y  l a b e l e d  and easy  t o  understand.  The 
programs must a l s o  be designed s o  t h a t  the  u s e r  can have maximum con- 
t r o l  over  t h e  volume and type  of ou tpu t .  The progkam code must be  
w r i t t e n  i n  an  easy  t o  understand manner s o  t h a t  e r r o r  c o r r e c t i o n s  and 
program improvements can b e  made e f f i c i e n t l y  by persons  o t h e r  than  t h e  
program au tho r s .  The programs must be  r i g o r o u s l y  t e s t e d  and s tandard  
t e s t  s e t s  developed and p e r i o d i c a l l y  executed t o  v e r i f y  t h e  accuracy of 
t h e  code. The sou rce  code must b e  wel l  documented by i n t e r n a l  comment 
c a r d s  and a  comprehensive programmers manual. 

HEC COMPUTER PROGRAM SUPPORT PROCEDURES 

The e f f e c t i v e  use  of a computer program, which can be  regarded a s  
t h e  u l t i m a t e  payoff of t h e  R&D e f f o r t  t o  develop t h e  model, i s  a  d i r e c t  
f u n c t i o n  of t h e  amount of suppor t  needed by t h e  u s e r  and t h e  amount of 
support  a v a i l a b l e  from t h e  program au tho r  o r  o r g a n i z a t i o n .  HEC's goa l  
i n  suppor t ing  i t s  computer programs i s  t o  provide  s u f f i c i e n t  documenta- 
t i o n  and t r a i n i n g  m a t e r i a l  t o  enab le  most i n d i v i d u a l s  t o  apply t h e  pro- 
grams f o r  most a p p l i c a t i o n s  wi thout  a d d i t i o n a l  h e l p  from HEC o r  o t h e r  
persoanel .  However, HEC does have s t a f f  members ass igned  t o  each major 
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computer program t o  provide  needed adv ice  and a s s i s t a n c e  t o  supplement 
t h e  b a s i c  documentation. Advice and a s s i s t a n c e  on program use  and 
e r r o r  d e t e c t i o n  a r e  normally provided over  t h e  te lephone,  bu t  occasion- 
a l l y  exchange of in format ion  by ma i l  o r  i n  person i s  r equ i r ed .  

Good documentation i n  t h e  f o m  of a  "USERS MANUAL" t h a t  con ta ins  
s a sy  t o  understand examples ( s tandard  t e s t s )  and c i e a r i y  w r i t t e n  input  
i n s t r u c t i o n s  provides  t h e  needed i n t e r f a c e  between t h e  program User and 
t h e  HEC program. 

I n  a d d i t i o n ,  HEC and o t h e r s  conduct t r a i n i n g  courses  on computer 
programs and s u b j e c t s  r e l a t e d  t o  t h e  HEC computer programs t o  he lp  in-  
t roduce  t h e  programs and t h e i r  u ses  t o  p rospec t ive  u s e r s .  Many of t h e  
course  l e c t u r e s  have been v ideo  taped and a r e  a v a i l a b l e  t o  t he  genera l  
p u b l i c  a long w i t h  workshop problems and t r a i n i n g  course  manuals and 
o t h e r  documents. Cata logs  a r e  a v a i l a b l e  from HEC on computer programs, 
video t a p e s  and p u b l i c a t i o n s .  Many HEC t r a i n i n g  documents have a l s o  
been w r i t t e n  t h a t  e x p l a i n  concepts ,  ph i lo soph ie s  and s t r a t e g i e s  f o r  u se  
of t h e  computer programs. 

Copies of curren-t  exe<:utable and source  f i l e s  a r e  n a i ~ t a i - e d  by 
HEC on s e v e r a l  computer systems f o r  Corps o f f i c e s .  These same programs 
a r e  o f t e n  a v a i l a b l e  through computer vendors f o r  acces s  by non-Corps 
o f f i c e s .  While t h e  use  of t h e s e  HEC programs a v a i l a b l e  on vendor sys-  
tems i s  g r e a t l y  encouraged, copies  of  HEC source  decks and t e s t  d a t a  
are a l s o  a v a i l a b l e  on magnetic tape  f o r  u s e  i n  implementing t h e  programs 
on o t h e r  computer systems. Personnel  r e q u e s t i n g  cop ie s  of source  decks 
through HEC a r e  placed on a  mai l ing  list t o  p e r i o d i c a l l y  r e c e i v e  in fo r -  
mation on e r r o r  c o r r e c t i o n s  and improvements t o  t h e  programs. Table 2 
shows t h e  c u r r e n t  ma i l i ng  l is t  f o r  t h e  most popular  HEC programs. 

Because of t h e  l a r g e  number of computer programs a v a i l a b l e  from 
HEC and t h e  manpower and c o s t s  a s s o c i a t e d  w i t h  f u l l  suppor t  t o  a l l  com- 
p u t e r  models, HEC has  developed t h r e e  suppor t  l e v e l s  ( s e e  f i g u r e  1 )  
t h a t  d e s c r i b e  t h e  l e v e l  of suppor t  t h a t  can be  expected f o r  a  g iven  
computer program. A l ist  of a l l  of t h e  HEC programs a long  w i t h  t h e i r  
suppor t  l e v e l  i s  shown i n  Table 1. The amount of suppor t  r equ i r ed  f o r  
each program i s  a  d i r e c t  f u n c t i o n  of  t h e  number of persons  us ing  t h e  
program and t h e  s i z e  and complexity of t h e  programs. Table  2 shows t h e  
approximate number of s t a t emen t s  i n  t h e  s o u r c e  code and t h e  e s t ima ted  
number of Corps execu t ions  dur ing  f i s c a l  year  1982 f o r  t h e  more popular  
HEC programs . 

HEC SOFTWARE STANDARDS 

HEC has  prepared t h e  d r a f t  of a p u b l i c a t i o n  e n t i t l e d  "Software 
Development Gu ide l ines  f o r  Genera l ized  Computer Programs". The genera1 
g o a l s  of t h e s e  g u i d e l i n e s  are t o  f o s t e r  t h e  development of improved 
computer so f tware  t h a t  w i l l  hope fu l ly  i n c r e a s e  program r e l i a b i l i t y  and 
t o  f a c i l i t a t e  f u t u r e  mod i f i ca t ions  t h a t  occur du r ing  t h e  development 
and maintenance phases  of t h e  program's l i f e  c y c l e .  S p e c i f i c a l l y ,  t h e  
g u i d e l i n e s  a r e  in tended  to :  
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.-- Simp1i.f y program des ign  
- Enhance program r e a d a b i l i t y  
- F a c i l i t a t e  program mod i f i ca t ions  
- Decrease program maintenance c o s t s  
- Inc rease  code t r a n s p o r t a b i l i t y  
- Crea te  l i b r a r i e s  of t e s t e d  r o u t i n e s  

The g u i d e l i n e s  address  t h e  fo l lowing  i d e a s :  (1) Development of 
Program Requirements, (2) Funct iona l  and De ta i l ed  Design, (3) Code 
Development, ( 4 )  Tes t ing ,  ( 5 )  Documentation, (6) Program Maintenance, 
and ( 7 )  Review Procedures .  

The b a s i c  i d e a s  incorpora ted  i n  t h e  g u i d e l i n e s  a r e  as fo l lows:  

- Write s ta tement  of requirements .  
- Design program us ing  "top-down" des ign  diagrams, showing impor- 

t a n t  func t iona l  modules, and walk-through procedure be fo re  w r i t i n g  t h e  
code. 

- Transform "top-down" des ign  diagrams i n t o  diagrams, c h a r t s  o r  
pseudocode t h a t  enab le s  d i r e c t  and expedient  conversion i n t o  computer 
code clsing snail r,lodules. 

- Develop code us ing  sma l l  s ingle-purpose modular u n i t s  which can 
be independent ly t e s t e d  and e a s i l y  understood.  

- Develop new code us ing  F o r t r a n  77 s t anda rds .  Discourage use of 
c e r t a i n  language f e a t u r e s  t o  a l low a wider d i s t r i b u t i o n  t o  s i t e s  no t  
c u r r e n t l y  suppor t ing  F o r t r a n  7 7 .  

- Continue development of e x i s t i n g  code us ing  For t r an  I V  b u t  con- 
forming t o  g u i d e l i n e s  a s  much a s  p o s s i b l e  s o  t h a t  w i t h i n  a few y e a r s  
a l l  e x i s t i n g ,  e x t e n s i v e l y  used HEC programs w i l l  be compatible w i th  a l l  
of t h e  g u i d e l i n e s .  The es t imated  Corps usage f o r  f i s c a l  year  1982 i s  
shown i n  Table  2 f o r  t h e  most e x t e n s i v e l y  used HEC programs. 

- Develop a l l  new code adher ing  t o  recommended programming con- 
ven t ions  and s t anda rds  s p e l l e d  ou t  i n  g u i d e l i n e s .  Typ ica l  requirements  
r e l a t e  t o  s i z e  of modules (250 s ta tement  maximum), s i n g l e  e n t r y  and 
e x i t  p o i n t s ,  e r r o r  checks, common b locks ,  v a r i a b l e  names, s ta tement  and 
sequence numbers, word l eng th ,  i n t e r n a l  documentation, i npu t /ou tpu t  
guidance, c o n t r o l  s t r u c t u r e ,  e t c .  

OVERVIEW OF HEC COMPUTER PROGRAMS 

The m a j o r i t y  of t h e  87 computer programs shown i n  Table 1 fol low 
most of t h e  HEC g o a l s  i n  sof tware  development mentioned p rev ious ly  i n  
t h a t  they  a r e  s t a t e - o f - t h e - a r t  technology,  gene ra l i zed  based on inpu t ,  
t r a n s p o r t a b l e ,  t e s t e d ,  e t c .  Except ions t o  t h e s e  gene ra l  goa l s  r e l a t e  
t o  t h e  code being easy  t o  understand and modify by o t h e r s ,  and t h e  code 
being w e l l  documented by i n t e r n a l  comments and by manuals. 
These l a t e r  g o a l s  have no t  been accomplished t o  a n  accep tab le  l e v e l  y e t  
and a r e  major reasons  some of t h e  programs a r e  being modified t o  come 
i n t o  compliance w i t h  o u r  computer program suppor t  procedures .  Our g o a l  
i s  t o  g e t  t h e  most used HEC programs i n  conformance w i t h  our  program 
g u i d e l i n e s  ove r  t h e  n e x t  two o r  t h r e e  y e a r s .  

Technica l  a r e a s  covered by t h e  HEC program shown i n  Table 1 in- 
c lude  'hydrol.ogic engineer ing ,  a n a l y t i c a l  p lanning and d a t a  management. 
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Six teen  programs i n  t h e  hydro logic  a n a l y s i s  a r e a  involve  r a i n f a l l l r u n -  
of f  a n a l y s i s ,  f lood  r o u t i n g  and f lood  f r equenc ie s .  Major programs %n 
t h i s  ca tegory  inc lude  HEC-1, STORM, and HECWRC. Six  1960 v in t age  pro- 
grams (BASINC t o  BALHYD) a r e  t h e  o r i g i n a l  components f o r  t h e  HEC-1 
r a i n f a l l l r u n o f f  model. These s i x  programs a r e  ve ry  smal l  and would 
probably f i t  on c u r r e n t  16 b i t  microcomputers. 

F i f t e e n  programs f a l l  i n t o  t h e  Hydraul ic  Ana lys i s  a r e a ,  which in-  
c ludes  r i v e r  h y d r a u l i c s / f l u v i a l  h y d r a u l i c s .  The primary models a r e  
H E C ' s  one-dimensional s t eady  flow programs HEC-2 and t h e  quas i - s teady  
flow model HEC-6 p l u s  t h e  U.S. Nat iona l  Weather S e r v i c e ' s  DAMBRK and 
DWOPER. These l a t e r  two programs a r e  r e p r e s e n t a t i v e  of r o u t i n e s  t h a t  
a r e  developed by o t h e r s  and have such h igh  va lue  t o  t h e  p ro fe s s ion  t h a t  
HEC i s  w i l l i n g  t o  commit a l i m i t e d  amount of r e sou rces  t o  f o s t e r  t h e i r  
a v a i l a b i l i t y  and use .  Considerable  Corps use  has  a l s o  been made of t h e  
two-dimensional RMA2 and RMA3 models developed by Resource Management 
Assoc ia tes .  HEC suppor t s  Corps a p p l i c a t i o n s  of t h e  DAMBRK model a t  
support  l e v e l  2 ,  b u t  provides  only  minimal suppor t  ( l e v e l  3) f o r  t h e  
o t h e r  non HEC models. 

f ?a t e r  q u a l i t y  models c r e  r e p r ~ s e n t e d  a t  HEC by f i v e  models. The 
main HEC models a r e  t h e  WQRRS and HEC5-Q. The o t h e r  t h r e e  models a r e  
s m a l l  and should f i t  on 16 b i t  microcomputers. 

Reservoi r  o r i e n t e d  models a r e  r ep re sen ted  by 10  programs. The 
primary models a r e  HEC-5 which s i m u l a t e s ' t h e  s e q u e n t i a l  o p e r a t i o n  of 
r e s e r v o i r  systems f o r  f l ood  c o n t r o l  and conserva t ion  u s e s  and HYDUR 
which ana lyzes  hydropower us ing  f low d u r a t i o n  a n a l y s i s .  F ive  of t h e  
models (SWRFR through RESACT) a r e  a l s o  1960 v i n t a g e  models which a r e  
s m a l l  and shou1.d f i t  on 16 b i t  microcomputers. 

S i x  of t h e  14 models l i s t e d  under Planning Analys is  r e p r e s e n t  HEC 
c a p a b i l i t y  t o  do f lood  damage computations (us ing  t h e  EAD program) out-  
s i d e  t h e  two main s imu la t ion  models a l r e a d y  mentioned (HEC-1, HEC-5). 
The HEC-SAM system, which i s  a g e n e r a l  purpose s p a t i a l  d a t a  f i l e  fo- 
cused procedure,  i s  represented  by t h e  i n d i v i d u a l  models R I A ,  HYDPAR, 
DAMCAL, ATODTA and SID. These models are used t o  connect g r i d  c e l l  
d a t a  banks d a t a  w i t h  programs such as HEC-1, HEC-5, EAI), and STORM. 
Also used i n  t h e  p roces s  a r e  t h e  seven Grid d a t a  programs (under Data 
Management). 

Other  d a t a  management models i n c l u d e  f o u r  programs r ep resen t ing  
t h e  HEC gene ra l i zed  Data S torage  System (HECDSS). These f o u r  programs 
he lp  HEC programs exchange d a t a  among themselves.  For example, t h e  
DSPLAY program a l lows  ou tpu t  from any HEC program which has  DSS ou tpu t  
c a p a b i l i t y  t o  be p l o t t e d  o r  t a b u l a t e d  convenient ly .  

The Real-Time Water Cont ro l  programs a r e  used t o  i n t e r f a c e  t h e  
HEC-1, HEC-5, and HECDSS programs t o  make rea l - t ime f lood  f o r e c a s t s  and 
t o  determine emergency r e s e r v o i r  r e l e a s e  d e c i s i o n s  f o r  complex r e se r -  
v o i r  systems. These r o u t i n e s  were made a s  system independent as poss i -  
b l e ,  b u t  s t i l l  have some more advanced f e a t u r e s  which a r e  dependent 
upon t h e  computer system u t i l i z e d .  The Corps rea l - t ime a p p l i c a t i o n s  
a r e  p r i m a r i l y  based on t h e  H a r r i s  500 minicomputer. 
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FUTURE DIRECTION OF HEC SOFTWARE DEVELOPMENT 

A s  i n d i c a t e d  e a r l i e r ,  HEC i s  ded ica t ed  t o  improving t h e  q u a l i t y  of 
i t s  sof tware  i n  terms of so f tware  eng inee r ing  concepts  i n  o r d e r  t o  make 
t h e  code simpl.er, more r eadab le ,  and e a s i e r  t o  modify. These g o a l s  
w i l l  be  accomplished by apply ing  t h e  HEC program g u i d e l i n e s  t o  a l l  new 
o r  e x t e n s i v e l y  used programs. 

H i s t o r i c a l l y ,  HEC so f tware  h a s  been p r i m a r i l y  o r i e n t e d  toward 
ba t ch  execu t ions  on l a r g e  main frame computers. Recent ly HEC h a s  used 
i n t e r a c t i v e  programs f o r  i n p u t  d a t a  mod i f i ca t ibns ,  ou tpu t  d i s p l a y s ,  and 
job i n i t i a t i o n .  Because most HEC programs r e q u i r e  l a r g e  d a t a  handl ing  
and manipula t ion  and/or  l a r g e  volumes o f  computati.ons, HEC has  n o t  and 
may n o t  u se  t r u l y  i n t e r a c t i v e  programs e x t e n s i v e l y .  

HEC so f tware  h a s  n o t  been developed f o r  no r  used on  microcomputers 
i n  t h e  p a s t .  Th i s  s i t u a t i o n  is  changing now and w i l l  change more i n  
t h e  nex t  few y e a r s  as more microcomputers a r e  a v a i l a b l e  t o  f i e l d  engi- 
nee r s ,  a s  sma l l e r  modu1.e~ are developed t o  conform wi th  HEC program 
s t anda rds ,  and as microcomputers g e t  more powerful and v e r s a t i l e .  HEC 
expec i s  t h e  32 b i t ,  g i r t u a l  memory microcomputer developed over  t h e  
next  few y e a r s  t o  be  capable  of execu t ing  most HEC programs wi thout  any 
d i f f i c u l t y .  Therefore  only  modest e f f o r t s  a r e  planned t o  make c u r r e n t  
HEC programs a v a i l a b l e  on t h e  p r e s e n t  8 o r  16  b i t  microcomputers. Over 
t h e  next  12 months, s i x  of HEC1s smaller o r  medium s i z e d  programs are 
t e n t a t i v e l y  planned t o  be conver ted  t o  t h e s e  sma l l e r  microcomputers. 
These programs i n c l u d e  HYCST, EDIT2, D2M2, EAD, HECWRC and UHCOMP. 

HEC w i l l  cont inue  t o  develop i n  t h e  f u t u r e ,  a s  i t  has  i n  t h e  p a s t ,  
t h e  sof tware  t o o l s  r equ i r ed  t o  assist i n  s o l v i n g  t h e  dynamic problems 
encountered by t h e  Corps f i e l d  o f f i c e s  u s ing  t h e  l a t e s t  s ta te-of- the-  
art  technology and computer hardware and so f tware  concepts .  



Figure  I 

COMPUTER PROGRAM SUPPORT 

The Hydrologic Engineering Center  (HEC) ma in ta ins  and d i s t r i b u t e s  
an ex tens ive  l i b r a r y  of hydro logic  and planning r e l a t e d  FORTRAN comput- 
e r  programs. The i . i b r a ry  inc iudes  programs developed by HEC s t a f f  
members, programs developed f o r  t h e  HEC o r  o t h e r  Corps o f f i c e s  by con- 
t r a c t o r s ,  and p r o p r i e t a r y  programs which have been acqui red  by t h e  HEC 
f o r  Corps use .  

Programs have been ca tegor ized  i n t o  t h r e e  groups t o  i n d i c a t e  t h e  
l e v e l  of suppor t  (documentation, e r r o r  c o r r e c t i o n ,  code enhancement) 
a v a i l a b l e  from t h e  HEC; a d e s c r i p t i o n  o f  each l e v e l  of suppor t  i s  pre- 
sen ted  below. 

Support Level  1 -- i s  reserved  f o r  widely used, s tandard  HEC .---- 
programs, where s i g n i f i c a n t  exper ience  
e x i s t s  i n  t h e  a p p l i c a t i o n  of such programs 
t o  c u r r e n t  engineer ing  problems. Source 
code enl-al.cement/correction i s  ongoing and 
source  code h o l d e r s  a r e  p e r i o d i c a l l y  in-  
formed of changes. 
( D i s t r i b u t i o n  of source  code f o r  Level  1 
programs i s  encouraged.) 

Support Level  2 - i s  reserved  f o r  developmental,  or. moderately ----- 
used,  HEC o r  c o n t r a c t o r  programs where 
l i m i t e d  exper ience  e x i s t s  i n  t h e  a p p l i c a t i o n  
of such programs t o  c u r r e n t  engineer ing  
problems. Source code enhancement/correc- 
t i o n  i s  accomplished on a s e l e c t e d  b a s i s  by 
HEC s t a f f  and/or  c o n t r a c t o r  personnel .  Docu- 
mention enhancement/correct ion is  performed 
a s  t ime and funds  permi t .  
( D i s t r i b u t i o n  of source  code f o r  Level 2 
programs is  made upon r e q u e s t ,  b u t  u s e r  
should b e  aware of  developmental n a t u r e  
of some of t h e s e  programs, and l i m i t e d  
suppor t  f o r  o t h e r s  .) 

Support Level  3 - is  reserved  f o r  l i t t l e  used,  unsupported, ------- 
i nadequa te ly  documented, superseded o r  
p re l imina ry  v e r s i o n s  of HEC o r  c o n t r a c t o r  
programs where l i t t l e  o r  no suppor t  i s  
a v a i l a b l e  t o  a s s i s t  i n  t h e  a p p l i c a t i o n  of 
such programs t o  c u r r e n t  engineer ing  prob- 
l e m s .  Source code enhancement/correct ion 
i s  g e n e r a l l y  n o t  performed . 
( D i s t r i b u t i o n  of source  code f o r  Level 3 
programs i s  no t  encouraged, a s  HEC support  
i s  s e v e r e l y  l i m i t e d . )  
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Table 1 

The Hydrologic Engineering Center 

COMPUTER PROGRAMS SUPPORTED 

Hydrologic Analysis 
Support 
Level 

HECl 
ST@RM 
INTDRA 
BAS IN C 
UHHC 
UHLRQI 
HYDCR 
SFR@ 
BALHYD 
FQ~RCST 
UHCOMP 
HE CWRC 
REGF Q 
HEC4 
HMR5 2 
OP R@UT 

Flood Hydrograph Package 
Storage, Treatment, Overflow, Run0f.f Model 
Interior Drainage Flood Routing 
Basin Rai.nfal1 and Snowmelt Computation 
Unit Graph and Hydrograph Computation 
Unit Graph and Loss Rate Optimization 
Hydrograph Combining and Routing 
Streamflow Routing Optimization 
Balanced Hydrogr aph 
Forecast River Flows by Regression 
Interactive Unit Hydrograph and Hydrograph 
Flood Flow Frequency Analysis 
Regional Frequency Computation 
Monthly Streamflow Simulation 
Probable Maximum Storm (Eastern U.S.) 
Streamflow Routing Optimization 

1 
2 
2 
3 
3 
3 
3 
3 
3 
3 

Computation 3 
1 
3 
2 
1 
3 

Water Quality 

WQRRS Water Quality for River-Reservoir Systems 2 
RESTEMP Reservoir Temperature Stratification 2 
HEATX Heat Exchange Program 3 
THERMS Thermal Simulation Program 3 

4 HEC5Q Simulation of Flood Control and Conservation Systems 
(including Water Quality Analysis) 3 

Hydraulic Analysis 

HEC2 
ED IT2 
HEC6 
USTFL~ 
GEDA 
SHP 
FEMFLQI 

HGP 
DAMBRK 
DWOPER 
RMAl 
RMA2 
RMA4 
RMA7 
USGS 

Water Surface Profiles 1 
HEC2 Data Editor 2 
Scour and Deposition in Rivers and Reservoirs 1 
Gradually Varied Unsteady Flow Profiles 2 
Geometric Elements from Cross Section Coordinates 2 
Stream Hydraulics Package 2 
Finite Element Solution of Steady State Potential 
Flow Problems 3 
Hydraulics Graphics Package 2 
NWS Dam Break Model 2 
NWS Unsteady Flow Model (Dynamic Wave Operational) 3 
Finite Element Numerical Network Generator 3 
2-Dimensional Finite Element Hydrodynamics (Horizontal) 3 
2-Dimensional FiniteLElement Water Quality 3 
2-Dimensional Finite Element Hydrodynamics Vertical 3 
USGS 2-D Groundwater Model 3 
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Reservoi r  Oriented Models ---- ---- 
Support 
Level -- 

HECS 
HEC3 
S WRFR 
Si4CPTG 
SWGRC 
RESYLD 
RE SAC T 
HYDUR 

DISPLAY 
INCARD 

Simulat ion of Flood Con t ro l  and Conservat ion Systems 1 
Reservoir  System Analys is  f o r  Conservat ion 2 
Spi l lway Rat ing and Flood Routing 3 
Spi i lway Rat ing  - P a r t i a l  T a i n t e r  Gate Openings 3 
Spil lway Gate Regula t ion  Curve 3 
Reservoi r  Yield 3 
Reservoi r  Area-Capacity Table  by Conic Method 3 
Hydropower Analys is  Using Streamflow Durat ion 
Procedures  1 
I n t e r a c t i v e  Output Disp lay  f o r  HEC5 2 
Flow Conversion Program f o r  HEC5 2 

Planning Analys is  ---- -. 

R I A  

HYDPAR 
DAMCAL 
ATODTA 
EAD 
S I D  
INONSTR 
DEMAND 
ADAPT 
HEP 
HYCST 
D2M2 
PBA 
SIDEDT 

Resource 1nformati.on and Analys is  Using Grid C e l l  
Data Bank 1 
Hydrolcglc  P a r m e t e r s  From Grid Data 1 
Damage Reach Stage - Damage Ca lcu la t ion  - Grid Data 1 
Automatic Parameter T rans fe r  t o  HECL 3 
Expected Annual Flood Damage Computation 1 
S t r u c t u r e  Inventory of Damages 1 
I n t e r a c t i v e  Nons t ruc tu ra l  Ana lys i s  Package 2 
Water Demand Model 3 
IIEC - ADAPT - Tr iangu la r  T e r r a i n  3 
Habit  Evalua t ion  Procedures  3 
Small Hydro Addit ion Cost Es t imat ion  2 
Dredge Disposa l  Management Model 2  
P r o j e c t  Bene f i t  Analys is  (Flood Damages) 3 
SID E d i t  - f o r  SID Data 2 

REVISE Free  Format Data Entry and Revision 
MLRP M u l t i p l e  Linear  Regression 
FSIR F o r t r a n  Source Inventory  and Renumbering 
VERFIL Text F i l e  V e r i f i c a t i o n  (CDC and H a r r i s  only)  
HEClCV HECl Input Converter 
COED Corps' Text E d i t o r  ( H a r r i s  computer on ly)  

Data Management 

HECDSS - General ized Data S torage  System f o r  HEC Models 

DSPLAY Provides  i n t e r a c t i v e  t a b u l a t i o n ,  p l o t t i n g ,  
g r a p h i c a l  i npu t  1 

DSSULT Provides  g e n e r a l  d a t a  management f u n c t i o n s  f o r  DSS 1 
DSSMON Con t ro l s  m u l t i p l e  a c c e s s  t o  HECDSS f i l e s  1 
DSSIN Provides  means of  e n t e r i n g  time s e r i e s  i n t o  DSS 1 
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Data Management (cont inued)  --- -- 
Support 

Level 

Grid Data 

"GRIPS Polygon t o  Grid Conversion Program 
$:ATJTOKAPII -- Line P r i r ~ t e r  C-raphlcs f o r  Polygon Oats  Program 

FOURVIEW Three Dimensional Pen P l o t  Program f o r  Grid Data 
*GRIDPLOT Pen P l o t  of Grid C e l l  Data 
>:POLYPLOT Pen P l o t  of Polygon Data 

BANK Data Bank Manager 
REGISTER Data R e g i s t r a t i o n  Program 

Real-Time Water Cont ro l  -----------. 

ASYNC 
CONVRT 

DATAST 
EXTRCT 
IIEClF 
MODCON 
PRECIP 
PREFOR 
PREOP 
T SKRELAY 

Asynchronous Communication 
Convert observed d a t a  t o  f lows,  s t o r a g e s ,  ou t f lows ,  
e t c .  
Disp lays  missing t ime s e r i e s  va lues  
E x t r a c t s  subset  of a Mastzr Data Base 
Modified v e r s i o n  of HEC1 f o r  r e a l  t ime f o r e c a s t i n g  
I n t e r a c t i v e  c o n t r o l  of v a r i o u s  sof tware  models 
Computes subbas in  p r e c i p i t a t i o n  
HEClF Input  E d i t o r  
HEC5 Input  E d i t o r  
Message Relay Routine 

*These programs have a  p r o p r i e t a r y  s t a t u s  and a r e  d i s t r i b u t e d  and 
suppl ied  by t h e  Hydrologic Engineering Center  t o  Corps o f f i c e s  only .  
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