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TRAINING THE PRACTITIONER: 

THE HYDROLOGIC ENGINEERING CENTER PROGRAM 

William K. Johnson, M . ,  ASCE 
1 

In t roduc t ion  -- 
'When t h e  Hydrologic Engineering Center was e s t a b l i s h e d  by t h e  Corps of 

Engineers i n  1964 i t  was given t h r e e  p r i n c i p a l  t a s k s  i n  hydrologic  engineer ing:  

r e sea rch ,  s p e c i a l  a s s i s t a n c e  and t r a i n i n g .  The researchwas  designed t o  be 

app l i ed  research ,  br idging  t h e  gap b e t w e e n t h e u n i v e r s i t y a n d  Corps' f i e l d o f f i c e s .  

Spec ia l  a s s i s t a n c e  meant t o  h e l p  Corps 'of f ices  on complex water  problems. 

The t r a i n i n g  mission provided t r a i n i n g  f o r  C o r p s b n g i n e e r s  i n  t h e  theory  and 

a p p l i c a t i o n  of hydrologic  engineer ing  methods. These t h r e e  t a s k s  have been 

maintained over t h e  years  and have played a s i g n i f i c a n t  r o l e  i n  t h e  success  of 

t h e  Center.  While t h e  p r i n c i p a l  focus of t h i s  paper w i l l  be  upon t r a i n i n g ,  

t h e  i n t e r r e l a t i o n s h i p s  between t r a i n i n g ,  r e sea rch  and s p e c i a l  a s s i s t a n c e  have 

con t r ibu te2  s u b s t a n t i a l l y  t o  t h e  success  of t h e  Center ' s  t r a i n i n g  mission.  

S t a f f  members a r e  kept  a b r e a s t  of advances i n  technology through work on 

research  p r o j e c t s .  P r a c t i c a l  experience i s  gained through applying t h e  tech-  

nology t o  f i e l d  problems. Both an understanding of advanced technology and 

experience i n  i t s  a p p l i c a t i o n  a r e  combined wi th  theory t o  d e f i n e  t h e  scope of 

what i s  taught  i n  t h e  t r a i n i n g  courses .  

I n  a d d i t i o n  t o  t h e  con t r ibu t ions  of t h e  Center ' s  research  and s p e c i a l  

a s s i s t a n c e  programs t h e  t r a i n i n g  program inc ludes :  

o Tra in ing  Courses 

o Workshops 

o Seminars 

o Ind iv idua l  Tra in ing  

o Cooperative Advanced Study Program 

o Video Tape Library  

o Pub l i ca t ions  

1 C i v i l  Engineer,  The Hydrologic Engineering Center ,  Corps of Engineers ,  
Davis, Ca l i fo rn i a .  Presented a t  t h e  ASCE National  Convention, October 29 ,  
1981. 



Each a c t i v i t y  w i l l  be  discussed i n  t h e  s e c t i o n s  which fol low.  T h e r e a r e , h o w .  

eve r ,  s t i l l  o t h e r  a s p e c t s  t o  t h e  t r a i n i n g  e f f o r t .  They inc lude  s t u d e n t s  who a r e  

p r a c t i t i o n e r s  wi th  a wide range of backgrounds and exper iences ;  courses  and 

workshops which u t i l i z e  a _ v a r i e t y  of  l e a r n i n g  techniques and exper iences ;  

and teaching  devices  and i n s t r u c t o r  s k i l l .  And l a s t l y ,  t h e r e  is  t h e  s u b j e c t  m a t e r i a l  

i t s e l f  which h a s a s i g n i f i c a n t  i n f luenceonwha t  i s  presented ,  h o w i t  is  presented ,  

and t h e  u t i l i z a t i o n  of what i s  l ea rned .  A l l  of t hese  t o p i c s  w i l l  a l s o  be d i s -  

cussed i n  subsequent s e c t i o n s .  

Tra in ing  Program - -- -- - -- 

Train ing  Courses. -- A t  t h e  h e a r t  of t h e  Center ' s  t r a i n i n g  program a r e  a 

s e r i e s  of r e g u l a r l y  scheduled one or  two week t r a i n i n g  courses ,  Table 1 shows 

a l i s t  of t hese  courses .  Each year  approximate1.y twelve courses  a r e  s e l e c t e d  

t o  be o f f e red .  Table 2 shows t h e  courses  t o  be o f f e r e d  during f i s c a l  year  

1982. S e l e c t i o n  of t h e  courses  i s  made based upon p re sen t  and f u t u r e  needs 

of t h e  Corps' f i e l d  o f f i c e s .  This  i s  o f t e n  inf luenced  by t h e  i n i t i a r i o n  of 

new f e d e r a l  programs such a s  f lood  p l a i n  management, n a t i o n a l  dam s a f e t y ,  

n o n s t r u c t u r a l  f lood  p l a i n  management, and h y d r o e l e c t r i c  power. A l l  t r a i n i n g  

courses  a r e  h e l d  i n  t h e  Center ' s  t r a i n i n g  classroom i n  Davis, Ca l i fo rn i a .  

This  a l lows  f o r  ready use  of t h e  HEC's computer f a c i l i t i e s  i n  demonstration 

and workshop problems and ready use  of t h e  HEC s t a f f .  Typica l ly  s i x  o r  e i g h t  

HEC s t a f f  w i l l  be involved i n  a course.  The f a c i l i t i e s  w i l l  accomodate up t o  

36 s t u d e n t s  hence t h e  upper l i m i t  on c l a s s  s i z e .  

Costs of conducting t r a i n i n g  courses  range from $18,000 t o  $52,000 per 

course,  depending upon whether i t  is  one o r  two weeks and t h e  amount of prep- 

a r a t i o n  requi red .  New courses  have g r e a t e r  development c o s t s  than  those  which 

have been o f f e r e d  before .  Courses f e a t u r i n g  technology which has  no t  changed 

s i g n i f i c a n t l y  a r e  l e s s  c o s t l y  than  those  where major advances have been i n t r o -  

duced. Costs  a r e  reimbursed through t u i t i o n  pa id  by a l l  s t u d e n t s .  The 

t u i t i o n  ranges from $700 t o  $1400 per  course  - aga in  depending upon t h e  t o t a l  

c o s t  of t h e  course  inc lud ing  a d m i n i s t r a t i v e  charges ,  



TABLE 1 

HYDROLOGIC ENGINEERING CENTER 

TRAINING COURSES 

Course Title ----- 

Analytical Techniques for Formulation of Nonstructural Plans 
Dam-Break Analysis 
Flood Frequency Analysis 
Flood Plain Hydrology and Hydraulics 
Flood Plain Management Planning 

Ground Water Hydrology 
Hydrologic Analysis of Floods 
Hydrologic Aspects of Hydropower 
Hydrologic Engineering for Planning 
Hydropower Planning 

Interior Flooding Hydrology 
Planning for IIydrol.ogic Engineers 
Real Time Water Control 
Reservoir System Analysis 
Sediment Transports in Rivers and Reservoirs 

Spatial Data Management Techniques 
Statistical Methods in Hydrology 
Unsteady Flow Analysis 
Water Quality Aspects of Water Control 
Water Quality Modeling of Rivers and Reservoirs 

Water Supply Hydrology 
Water Surface Profile Computation Using HEC-2 (Advanced) 
Water Surface Profile Computating Using HEC-2 (Basic) 



TABLE 2 

HYDROLOGIC ENGINEERTNG CENTER 

1981-82 TRAINING COURSES 

Course Title -.-- 

Flood Plain Hydrology 

Hydrologic Engineering for Planning 

Ground Water Hydrology 

Statistical Methods i.n Hydrology 

Real Time Water Control 

Flood Plain Management Planning 

Water Surface Profile Computation Using HEC-2 (Advanced) 

Hydrologic Aspects of Hydropower 

Interior Flooding Hydrology 

Hydrologic Engineering for Plann5ng 

Planning for Hydrologic Engineers 



Workshops. --. A t  t h e  r eques t  of Corpsr D i s t r i c t  o f f i c e s  t h e  Center w i l l  c o n -  

d u c t  worksheps en specif2.c t e c h n i c a l  t n p l c s  a t  t h e  D i s t r i c t .  Thls b r ings  t h e  

Center ' s  e x p e r t i s e  d i r e c t l y  t o  D i s t r i , c t s  throughout t h e  count ry ,  These work- 

shops a r e  u sua l ly  one t o  f i v e  days i n  l eng th  and involve  one o r  two HEC s t a f f  

Often persons from the  D i s t r i c t  wi th  e x p e r t i s e  on t h e  sub jec t  a r e  c a l l e d  upon 

t o  a s s i s t .  Approximately f i v e  such workshops a r e  he ld  each y e a r ,  

Workshops o f f e r  t h e  advantage t h a t  t r a i n i n g  can be " t a i l o red"  t o  t h e  

needs of t h e  o f f i c e  and personnel .  From a l a r g e  agenda of t e c h n i c a l  s u b j e c t s  

those  of g r e a t e s t  i n t e r e s t  can be s e l e c t e d .  For example, p repar ing  inpu t  f o r  

an HEC computer program. Workshops a l low an  o f f i c e  t o  t r a i n  l a r g e  numbers of 

s t a f f  a t  one time. Often t e n  t o  f i f t e e n  s t a f f  w i l l  a t t e n d .  Workshops a l s o  

provide t h e  oppor tuni ty  f o r  a Corps' o f f i c e  t o  i n v i t e  nearby D i s t r i c t  o r  

Div is ion  o f f i c e s ,  s t a f f  from s t a t e  and f e d e r a l  agencies ,  c i t y ,  county and 

r eg iona l  eng inee r s ,  and persons from o t h e r  o rgan iza t ions  wi th  a need f o r  

t r a i n i n g .  Not only  do those  a t t end ing  l e a r n  t h e  t echn ica l  m a t e r i a l  bu t  an 

oppor tuni ty  is provided t o  i n t e r a c t  w i th  p r o f e s s i o n a l s  from o t h e r  o rgan iza t ions  

- o f t e n  working on t h e  same study.  The s i z e  of t h e  workshops depend upon t h e  

d e s i r e s  of t h e  hos t ing  Corpst o f f i c e  and f a c i l i t i e s  a v a i l a b l e .  Typica l ly  

a t tendance  is  twenty t o  t h i r t y  persons.  

Costs  of workshops range from $3,000 t o  $10,000 depending upon t h e  number 

of days, t h e  number of s t a f f ,  l o c a t i o n ,  and amount of p repa ra t ion .  Corps" 

o f f i c e s  provide funding and may o r  may no t  charge a t u i t i o n  from those  o t h e r  

than  t h e i r  own s t a f f .  

Occasional ly workshops a r e  he ld  a t  t h e  HEC i n  which c a s e  they  t ake  t h e  

shape of a mini - t ra in ing  course and a r e  conducted i n  t h a t  manner, Funding i s  

provided by t h e  sponsoring o f f i c e .  



Seminaxs. Periodically the Center sponsors two or three day seminars on 

a topic of special interest and concern, Specialists from the BEC, Corps' 

offices, universities and other organizations are invited to attend and present 

papers. In order for the participants to interact in depth, attendance is 

usually limited to about 15 persons. Papers are presented followed by dis- 

cussion. Since 1969 twelve such seminars have been held on such topics as: 

urban hydrology, sediment transport, nonstructural measures, spatial analysis 

and water quality. Proceedings of the seminars are published and listed in 

the Center's Publications Catalog. 

Seminars provide the opportunity for training and information exchange at 

a relatively high level of technical knowledge. Frequently a seminar will 

assist in charting new directions in the Center's research, special assistance 

and training programs. 

Individual Training. Individuals and small groups frequently visit the ------- 
Center for training and assistance on specific projects, Within the context 

of that project they often receive training from various HEC staff on the 

technology being used. Such assistance and training may Last several days or 

several weeks. On occasion engineers from Corpst field offices have worked 

and received training at the Center for six months or one year. 

Cooperative Advanced Study Program_. This year the Center initiated a -...-- 

cooperative program of advanced study in hydrologic engineering with the 

University of California, Davis, Department of Civil Engineering. The Univer- 

sity campus is located about one-half mile from the Center's offices. Partic- 

ipants may enroll in the University's Graduate Studies Program and take 

graduate and undergraduate courses in hydrologic engineering. Concurrently, 

participants will work with the staff of the HEC, who will suggest possible 

research topics and teach academic courses in hydrologic engineering at the 

University. The program is one-year in length, and provides the opportunity 

to combine an academic study at the University with work and instruction 

in technology in which the Center has expertise, 



Video Tape Library.  There a r e  over 200 video t apes  i n  t h e  Center ' s  -------- 
l i b r a r y .  They provide i n s t r u c t i o n  i n  each of t h e  Center" p r i n c i p a l  a r e a s  of 

e x p e r t i s e :  hydrologic  and hydrau l i c  a n a l y s i s ,  water  con t ro l  systems a n a l y s i s ,  

and planning a n a l y s i s .  Most t apes  were made dur ing  l e c t u r e s  i n  t h e  Center ' s  

r e g u l a r  t r a i n i n g  courses  and a r e  accompanied by l e c t u r e  no te s  used i n  t h e  

course.  A few t apes  were made e s p e c i a l l y  f o r  t h e  video t ape  l i b r a r y  t o  pro- 

v i d e  i n s t r u c t i o n  on r ecen t  developments. Tapes made s i n c e  1.979 a r e  i n  c o l o r  

on 314 inch  c a s s e t t e s .  Tapes p r i o r  t o  t h a t  d a t e  a r e  b lack  and whi te  on e i t h e r  

314 inch  c a s s e t t e s  o r  112 inch  r e e l  t o  r e e l .  The Center 's  Video Tape Catalog 

lists a l l  t he  t apes  a v a i l a b l e  and r e l a t e d  s p e c i f i c a t i o n s .  

Each year  t h e  Center loans  s e v e r a l  hundred t apes  t o C o r p s b f f i c e s ,  univer-, 

s i t i e s  and o t h e r  pub l i c  and p r i v a t e  o rgan iza t ions  who need t r a i n i n g  a s s i s -  

t ance .  They a r e  used by i n d i v i d u a l s  and smal l  groups t o  l e a r n  both t h e  

theory  and a p p l i c a t i o n  of hydrologic  engineer ing  methods. A common need i s  f o r  

i n s t r u c t i o n  on prepar ing  input  f o r  and i n t e r p r e t i n g  t h e  output  from computer 

programs. Tapes, through t h e i r  a b i l i t y  t o  be run and r e run ,  provide t h e  oppor- 

t u n i t y  t o  l e a r n  t h e  m a t e r i a l  in-depth. Some o f f i c e s  have developed in-house 

t r a i n i n g  programs centered  around a s e r i e s  of t apes ,  U s e  of t h e  video t a p e  

l i b r a r y  has  proven t o  be an e f f e c t i v e  and economical ex tens ion  of t h e  Center ' s  

t r a i n i n g  courses .  

Pub l i ca t ions .  - Each year  t h e  HEC d i s t r i b u t e s  over  17,000 copies  of i ts  

p u b l i c a t i o n s .  They cover a wide range of t e c h n i c a l  s u b j e c t s  and have many 

d i f f e r e n t  purposes.  The types  of pub l i ca t ions  inc lude :  

o Computer Program Documentation 

o Research Documents 

o P ro j ec t  Reports 

o Tra in ing  Documents 

o Seminar Proceedings 

o Reports on Hydrologic Engineering Methods 

o Technical  Papers 

o Administrat ive Documents 



Titles, costs and descriptive information may be found in the HEC Publications ----- 

The HEC publications are used in training courses, workshops, in individ- 

ual training, with video tapes, and in a variety of other ways. Because of 

their wide distribution they provide training to many individuals and organiza- 

tions which do not have the opportunity to participate in the Center" formal 

training program. Some publications are designed for self-instruction. For 

example, computer program documentation and training documents. Others report 

on developments in the field and provide instruction indirectly. Whether the 

publications are used directly in training or provide instruction indirectly 

they are a significant means for advancing the training mission of the Center. 

Students and Instructors ---- 

Students. Each year over 300 students from a variety of professional ---- 
disciplines attend EIEC training courses. Because of space limitations and 

the need to give Corps' persons first priority the number of students from 

outside the Corps' is quite small - between ten and twenty persons per year. 
While the number is necessarily limited there is a strong desire to involve 

professionals from other agencies. It is desired, for example, to have 

participants from the Federal Insurance Administration in a course on Flood 

Plain Management, or to have a representative from the Federal Energy Reg-. 

ulatory Commission in a course on Hydroelectric Power. The presence of such 

persons adds to the learning experience of all students. Other agencies which 

have attended include the National Weather Service, U.S. Geological Survey, 

Soil Conservation Service, Bureau of Reclamation and some state agencies. 

Within the Corps' of Engineers students come from a variety of disciplines 

and with different levels of experience, A course like Hydrologic Engineering 

for Plannrng will draw engineers, economists, urban planners, environmental 

planners, geographers and computer system specialists. The common need is for 



a basic understanding of hydrologic engineering. However, each comes from a 

quite different educational and professfonal backgromd. A course such as 

Statistical Methods in Hydrology which focuses on a single aspect of hydrologic 

engineering will have almost exclusivelyhydrologic engineers. However, their 

experience and technical background can vary from that ofarecent graduate who 

needs a better understanding of statistical methods, to the engineer who will 

be doing frequency analysis in hydrologic studies, to a supervising engineer 

with 20 years experience who desires a refresher on statistical methods 

because of a variety of related problems which have come up in his office. In 

such a course there is a single discipline but a wide range of experience. In 

the former example the experience level is similar, however, a variety of dis- 

ciplines are involved. Both audi.ences pose a challenge to the instructors. 

Students who are practitioners with real--world experience are a signif- 

icant asset to the class. Several such students can add immeasurably to a 

class. During questions and reviews thei.r observations can benefit both 

students and instructors. They frequently take the lead in workshop presenta- 

tions and discussions and provide additional insight and understanding from 

their experience. 

Instructors. The key to quality instruction is the blend of research, 

special assistance and training experience which each staff person brings to 

the course. While staff are assigned organizationally to research, special 

assistance and training branches,their work is not limited to these areas. 

Considerable flexibility exists. A person working in research will also 

assist District offices on planning, design and operation studies, and teach 

in training courses. Similar trilateral assignments are undertaken in the 

other branches. This translates into the person being knowledgeable in 

advanced technology, being practical in what is appropriate for application, 

and being able to communicate to a variety of disciplines, and range of 

experience and education. 



These same q u a l i t i e s  - knowledge, pragmatism, a r t i c u l a t e n e s s  - a r e  d e s i r e d  

of gues t  speakers  i n  t h e  t r a i n i n g  courses .  The Center i n v i t e s  gues t  speakers  

t o  speak because of t h e i r  unique e x p e r t i s e  and experience and t o  complement 

t h e  pe r spec t ive  of t h e  BEC s t a f f .  

Hydrologic Engineering ---. 

When t h e  Center was e s t a b l i s h e d  and given i t s  name i n  1964 hydrologic  

engineer ing  was i d e n t i f i e d  as, 
1 1  ... an a r e a  of c i v i l  engineer ing  p r a c t i c e  i n  which a p p l i c a t i o n s  

of p ro fe s s iona l  knowledge of hydrology c o n s t i t u t e  key elements i n  
t h e  planning,  des ign ,  cons t ruc t ion ,  and ope ra t ion  of water resources  
developments. " (1)  

Such a broad d e f i n i t i o n  has  served t o  g ive  t h e  HEC d i r e c t i o n  t e c h n i c a l l y  and 

y e t  a l low f l e x i b i l i t y  t o  a d j u s t  i t s  program t o  changing t e c h n i c a l ,  s o c i a l  and 

i n s t i t u t i o n a l  needs. This  growth and f l e x i b i l i t y  i s  nowhere b e t t e r  i l l u s t r a t e d  

than  wi th  t h e  t e c h n i c a l  s u b j e c t s  taught  i n  t h e  Center ' s  t r a i n i n g  program. 

Table 3 shows t h e  courses  which were a  p a r t  of t h e  t r a i n i n g  program a t  four 

p o i n t s  i n  t ime. I n  1965 two courses  were o f f e r e d  - hydrologic  p r o b a b i l i t i e s  

and hydrograph a n a l y s i s .  By 1970 an  a d d i t i o n a l  f i v e  courses  were i n  t h e  pro- 

gram. By 1975 f i v e  more courses  had been added and by 1980 t h e r e  were t e n  

more. At p re sen t  thereare twenty-three courses  i n  t h e  program. 

Ten t o  twelve of t h e s e  courses  a r e  o f f e red  each year .  T h i s p r o v i d e s f o r b a l a n c e  

i n  t h e  Cen te r ' s  program. The growth i s  a n a t u r a l  phenomenon which r e f l e c t s  

t h e  e a r l y  success  of t h e  Center ' s  work, a u t h o r i z a t i o n s  f o r  increased  l e v e l s  

of s t a f f i n g  and funds,  a v a i l a b i l i t y  of t e c h n i c a l  e x p e r t i s e ,  and t h e  r ecogn i t i on  

of t e c h n i c a l  needs w i t h i n  t h e  Corps and profess ion .  

The c o r e  of t h e  Center ' s  program has always been, and cont inues  t o  be ,  

i ts  computer models i n  hydrology, h y d r a u l i c s ,  and r e s e r v o i r  system a n a l y s i s  

( 2 ) .  Most courses  which t h e  Center o f f e r s  and most of t h e  o t h e r  a s p e c t s  of 

t h e  t r a i n i n g  program focus on t h e s e  t e c h n i c a l  a r e a s  - both i n  theory and 

a p p l i c a t i o n .  Related t e c h n i c a l  s u b j e c t s  which have been added t o  t h e  Center ' s  

mission inc lude :  economic a n a l y s i s ,  s p a t i a l  d a t a  management, and s t r u c t u r a l  

and n o n s t r u c t u r a l  planning.  These s u b j e c t s  have both broadened and 
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complemented the Center's core work. The growth of training reflects 

simiiar growth in research aad special assistance. Experience gained in 

the latter areas of work have been fed back into the training courses through 

both theory and application. 

Training - Course Contenr 

Most students attending the training courses are college graduates who 

are now practitioners in their respective disciplines. They generally desire 

to learn new technical skills which will help them to do a better job in 

their work assignments. Consequently, the emphasis in the HEC training 

courses has always been to teach the technical subjects in an applied way, 

that is, to present concepts, principles and methods which can be applied 

and to illustrate with examples, discussion and hands-on workshops how this 

is done. The typical format for an HEC course include: 

o Lectures 

o Workshops 

o Reviews 

Lectures. Each day's schedule contains from three to five lectures -- 
depending upon the length of each and the number of workshops. Most lectures 

are 50 to 75 minutes in length. Lecture topics generally are one of three 

types: theory, methods, or application. Presentations which develop the 

theory of particular phenomena e.g. rainfall-runoff relationships, 

equations of open channel flow, or sediment transport theory, are designed 

to be concise and to the point. The discussion is intended to set the stage 

for the methods, including computer programs, For additional theoretical 

explanation students are referred to textbooks and technical literature. 

Most methods of analysis at the IIEC are part of a computer program or 

are designed to be used in ccnjunction with a computer program. For example, 

unit hydrograph techniques are used in computer program HECI, Flood Hydro-. 

graph Analysis and techniques of risk analysis are taught as an extension 



of t he  f lood  frequency a n a l y s i s  program. When1 a course  is centered  around 

a cemputer program e.g.  HEC 2 ,  Water Surface P r o f i l e s ,  t h e  m e t h ~ d s  tzught  

w i l l .  be  p r i n c i p a l l y  those  a s soc i a t ed  with t h e  program. Other courses  no t  

d i r e c t l y  t i e d  t o  a computer program e .g ,  Hydrologic Engineering f o r  Planning 

d i scuss  met-hods i n  a broader,more conceptual  sense .  

Lec tures  dea l ing  wi th  a p p l i c a t i o n s  range from inpu t  i n s t r u c t i o n s  and out-  

pu t  a n a l y s i s  t o  d e s c r i p t i o n s  of ca se  s t u d i e s .  Sometimes demonstrations us ing  

a l a r g e  video sc reen  and t e l e t y p e  te rmina l  a r e  used. Emphasis i s  on t h e  use  

of t h e  method o r  model i n  t h e  s o l u t i o n  of hydro logic  engineer ing  problems. 

Workshops. - There a r e  u sua l ly  one o r  two workshops scheduled each day. 

They range i n  l e n g t h  from one-half hour t o  fou r  hours .  Thei r  purpose i s  t o  

g ive  s t u d e n t s  an oppor tuni ty  t o  apply what t hey  have learned  i n  t h e  l e c t u r e s .  

Some workshops emphasize use  of comput.er programs and r e q u i r e  s t u d e n t s  t o  u s e  

t h e  HEC computer f a c i l i t i e s  i n  t h e  s o l u t i o n  of t h e i r  problems. Others 

emphasize "hand" s o l u t i o n s  and s t r e s s  an understanding of theory  and methods 

used by t h e  computer programs. Some workshops a r e  done i n d i v i d u a l l y  o t h e r s  

i n  c o l l a b o r a t i o n  wi th  s e v e r a l  s t u d e n t s .  On occasion r e s u l t s  a r e  presented  

and discussed be fo re  t h e  c l a s s .  Frequent ly,  a c l a s s  w i l l  have s t u d e n t s  wi th  

cons iderable  exper ience  i n  an  a r e a  covered by a workshop and t h e s e  s t u d e n t s  

c o n t r i b u t e  s i g n i f i c a n t l y  i n  d i scuss ions  of workshop f ind ings .  

The workshop has  t r a d i t i o n a l l y  been t h e  means by which theory ,  method 

and a p p l i c a t i o n  a r e  merged. Since t h e  focus  i n  HEC t r a i n i n g  i s  on teaching  

t h e  a p p l i c a t i o n  of theory  and methods t h e  workshop i s  c e n t r a l .  Problems 

developed f o r  workshops a r e  f o r  t h e  most p a r t  drawn from p r o j e c t s  worked on 

by t h e  s t a f f .  A s  i s  o f t e n  t h e  case  such problems must be shortened and 

s i m p l i f i e d  t o  be worked wi.thin t h e  t ime a v a i l a b l e ,  however, every e f f o r t  i s  

made t o  preserve  t h e  r e a l i t y  of t h e  problem. Workshops a r e  f r equen t ly  up- 

dated and modified i n  subsequent courses .  Improvements a r e  made, modifica- 

t i o n s  t o  computer code adapted,  and advances i n  technology i n s e r t e d .  To 

d a t e  over  250 workshop problems have been developed f o r  use i n  t h e  t r a i n i n g  



courses. In most cases solutions are also developed and discussed during the 

review. 

Review. The third principal activity in each course, each day, is review -- 
of the previous day's workshops and lectures. The purpose of review is to 

provide an opportunity for discussion after the students have had time to think 

about and review the material overnight, The review, conducted by one of the 

staff from the previous day, reinforces teachings and provides an opportunity 

to ask additional questions before the course moves on to the next topic. 

Often the review and subsequent discussions are some of the most beneficial 

parts of the class. 

Traininq, Equipment --- - - 

To aid in both classroom and group or individual instruction the HEC has 

a variety of equipment available. This includes, 

o Mini-computer /high speed Remote Job Entry (RJE) terminal 

o CRT (Cathode ray tube) terminals 

o Teletype terminals 

o Digitizers 

o Plotters 

o Video screens 

This equipment aids the training of students in two ways. Tts presence and 

use by HEC staff serves as an example of the application of advanced computer 

hardware in hydrologic engineering and water resources planning and familiar- 

izes students with its use. When it is used directly in training either 

through lecture demonstrations or workshops it gives students hands-on 

experience. While not all students have access to this equipment in their 

offices they have the opportunity to come to HEC on temporary assignment, 

have HEC do the analyses, go out to contract, or request their office to 

obtain the desired equipment. These options are usually sufficient to make 

the equipment accessible if the need exists. 



Computers. --. Currently the Center has a Harris 500 mini-computer in-house, 

and a Cope 1200 terminal both which can be connected to CDC 6600/7600 computers 

at Lawrence Berkeley Laboratory in Berkeley, CaLifornia and the Boeing Computer 

System in Seattle, Washington. The in-house facilities aid the students in 

obtaining faster turn-around for their problems. Often data cards have already 

been punched and are made available to the students at the appropriate time in 

the workshop. This also speeds turn-around. During the workshops HEC staff 

use of the computer is given a lower priority than that of the students. 

CRT terminals. Both graphics and alpha-numeric CRT's are available for ---- 
use and demonstration. A Tektronix 4027 color, refresh graphics display and 

Tektronix 4014 storage tube CRT are used. These devices provide students with 

the capability to display data output from the HEC models in graphical and 

tabular form. A wide variety of display options from river cross-sections to 

hydrographs to geographic data are available. 

Teletype terminals. Both CRTvs and teletype or printer terminals are used 

in teaching the interactive capability of HEC computer programs, Teletype ter- 

minals have the advantage of being portable. Some workshop problems are worked 

by dividing the class into small groups of four to six, accessing the Boeing 

Computer via a telephone and teletype terminal in different offices at HEC, and 

through this hook-up making hydrologic and economic analyses. In practice such 

a hook-up could be done in the field from an office or motel room. 

Digitizers. - The Center's program in spatial data management makes use of 

the digitizing equipment to establish files of various types of geographic data- 

coordinates, elevations, and natural features. The Center uses both an Altek 

AC90SM and Tektronix Graphics Tablet (4953) digitizer. 

Plotters. - The Center's plotting devices include plots from three plotter 

devices: a Zeta 3600 plotter (in-house), Printronix plotter (in-house) and 

Calcomp plotting capability at Lawrence Berkeley Laboratory. In addition a 

hard copy unit will provide copies of the Tedtronix 4014 display. A number 



of the Center's hydrologic models use plots of data in their output displays. 

In add i t ion  several graphics packages are also used in analysis. 

Video screen. A 72 inch Sony video screen is used in the classroom for 

demonstrations and for viewing video tapes. The screen has been linked to a 

Tektronix CRT and the CRT linked to the Boeing Computer System via a te1.e- 

phone hook-up. The data displayed on the video screen could be output from a 

computer program which computes economic, hydrologic and structure information 

in flood hazard areas. The Tektronix (or Teletype) terminal allows inter-- 

active communication with the computer program -. all of which is displayed on 

the video screen and viewed by the students in the classroom. 

Conclusions 

Training by the Hydrologic Engineering Center includes a variety of 

activities and materials from training courses to publications. Staff in- 

volved in training spend a portion of their time in applied research and 

special assistance. These two factors are, in the author's opinion, the most 

important reasons for the effectiveness of the Center's training program. 

The diversity of training means has been discussed previously and their 

merit should be obvious. The trilateral activity assignments - training, 

research, special assistance - for HEC staff perhaps needs additional em- 
phasis. When a staff person comes into a training classroom, or instructs 

individuals or groups he or she brings a combination of the education and 

experience of a university researcher, a practitioner, and a teacher. 

This is a rare combination. Not only within government and the private 

sector but also, perhaps to a lesser degree, in the academic world where 

research is often emphasized to the exclusion of both teaching and consulting. 

It is not the researcher with much theory and little practice who is training. 

And it is not the practitioner with much practice and little appreciation of 

new technologies. Nor is it the trainer with communication skills but short 

on technical knowledge and experience. Rather. it is a professional with the 

the best qualities of all these which isbrougktto the training program. 



The f a c t  t h a t  t h e  s t a f f  can work i n  each of t h r e e  a r e a s  is ,  of course,  

t i e d  t~ t h e  f a c t  t h a t  HEC bas  a z i s s i ~ n  ';-, t he se  t h r e e  a r e a s .  This  a l so  Is 

unique. Most pub l i c  and pri-vate  o rgan iza t ions  do not  have such func t ions  

c e n t r a l i z e d  i n  s i n g l e  organizat i .ona1 u n i t .  Rather such u n i t s  a r e  s e p a r a t e  

one from another .  This  combination i s  t h e  key no t  only t o  t h e  e f f e c t i v e n e s s  

of t h e  t r a i n i n g  mission bu t  t o  t h e  Center a s  a whole. 



References 

I. U.S, Army Corps of Engineers, "Memorandum A: Hydrologic Engineering 

Associated with Survey Studies:, Washington D,C,, January 1965. 

2. Feldman, Arlen D. "HEC Models for Water Resources System Simulation: 

Theory and Experience", in Hydroscience, ------ Vol. 12, 1981. 

3. Eichert, Bill S. "Experiences of the Hydrologic Engineering Center in 

Maintaining Widely Used Hydrologic and Water Resource Computer Models", 

The Hydrologic Engineering Center, Technical Paper #56, November 1978. 

4. Peters, John C. "Institutional Support of Water Resource Models", The 

Hydrologic Engineering Center, Technical Paper #76, May 1980. 



 

Technical Paper Series 
 
 
TP-1 Use of Interrelated Records to Simulate Streamflow 
TP-2 Optimization Techniques for Hydrologic 

Engineering 
TP-3 Methods of Determination of Safe Yield and 

Compensation Water from Storage Reservoirs 
TP-4 Functional Evaluation of a Water Resources System 
TP-5 Streamflow Synthesis for Ungaged Rivers 
TP-6 Simulation of Daily Streamflow 
TP-7 Pilot Study for Storage Requirements for Low Flow 

Augmentation 
TP-8 Worth of Streamflow Data for Project Design - A 

Pilot Study 
TP-9 Economic Evaluation of Reservoir System 

Accomplishments 
TP-10 Hydrologic Simulation in Water-Yield Analysis 
TP-11 Survey of Programs for Water Surface Profiles 
TP-12 Hypothetical Flood Computation for a Stream 

System 
TP-13 Maximum Utilization of Scarce Data in Hydrologic 

Design 
TP-14 Techniques for Evaluating Long-Tem Reservoir 

Yields 
TP-15 Hydrostatistics - Principles of Application 
TP-16 A Hydrologic Water Resource System Modeling 

Techniques 
TP-17 Hydrologic Engineering Techniques for Regional 

Water Resources Planning 
TP-18 Estimating Monthly Streamflows Within a Region 
TP-19 Suspended Sediment Discharge in Streams 
TP-20 Computer Determination of Flow Through Bridges 
TP-21 An Approach to Reservoir Temperature Analysis 
TP-22 A Finite Difference Methods of Analyzing Liquid 

Flow in Variably Saturated Porous Media 
TP-23 Uses of Simulation in River Basin Planning 
TP-24 Hydroelectric Power Analysis in Reservoir Systems 
TP-25 Status of Water Resource System Analysis 
TP-26 System Relationships for Panama Canal Water 

Supply 
TP-27 System Analysis of the Panama Canal Water 

Supply 
TP-28 Digital Simulation of an Existing Water Resources 

System 
TP-29 Computer Application in Continuing Education 
TP-30 Drought Severity and Water Supply Dependability 
TP-31 Development of System Operation Rules for an 

Existing System by Simulation 
TP-32 Alternative Approaches to Water Resources System 

Simulation 
TP-33 System Simulation of Integrated Use of 

Hydroelectric and Thermal Power Generation 
TP-34 Optimizing flood Control Allocation for a 

Multipurpose Reservoir 
TP-35 Computer Models for Rainfall-Runoff and River 

Hydraulic Analysis 
TP-36 Evaluation of Drought Effects at Lake Atitlan 
TP-37 Downstream Effects of the Levee Overtopping at 

Wilkes-Barre, PA, During Tropical Storm Agnes 
TP-38 Water Quality Evaluation of Aquatic Systems 

TP-39 A Method for Analyzing Effects of Dam Failures in 
Design Studies 

TP-40 Storm Drainage and Urban Region Flood Control 
Planning 

TP-41 HEC-5C, A Simulation Model for System 
Formulation and Evaluation 

TP-42 Optimal Sizing of Urban Flood Control Systems 
TP-43 Hydrologic and Economic Simulation of Flood 

Control Aspects of Water Resources Systems 
TP-44 Sizing Flood Control Reservoir Systems by System 

Analysis 
TP-45 Techniques for Real-Time Operation of Flood 

Control Reservoirs in the Merrimack River Basin 
TP-46 Spatial Data Analysis of Nonstructural Measures 
TP-47 Comprehensive Flood Plain Studies Using Spatial 

Data Management Techniques 
TP-48 Direct Runoff Hydrograph Parameters Versus 

Urbanization 
TP-49 Experience of HEC in Disseminating Information 

on Hydrological Models 
TP-50 Effects of Dam Removal:  An Approach to 

Sedimentation 
TP-51 Design of Flood Control Improvements by Systems 

Analysis:  A Case Study 
TP-52 Potential Use of Digital Computer Ground Water 

Models 
TP-53 Development of Generalized Free Surface Flow 

Models Using Finite Element Techniques 
TP-54 Adjustment of Peak Discharge Rates for 

Urbanization 
TP-55 The Development and Servicing of Spatial Data 

Management Techniques in the Corps of Engineers 
TP-56 Experiences of the Hydrologic Engineering Center 

in Maintaining Widely Used Hydrologic and Water 
Resource Computer Models 

TP-57 Flood Damage Assessments Using Spatial Data 
Management Techniques 

TP-58 A Model for Evaluating Runoff-Quality in 
Metropolitan Master Planning 

TP-59 Testing of Several Runoff Models on an Urban 
Watershed 

TP-60 Operational Simulation of a Reservoir System with 
Pumped Storage 

TP-61 Technical Factors in Small Hydropower Planning 
TP-62 Flood Hydrograph and Peak Flow Frequency 

Analysis 
TP-63 HEC Contribution to Reservoir System Operation 
TP-64 Determining Peak-Discharge Frequencies in an 

Urbanizing Watershed:  A Case Study 
TP-65 Feasibility Analysis in Small Hydropower Planning 
TP-66 Reservoir Storage Determination by Computer 

Simulation of Flood Control and Conservation 
Systems 

TP-67 Hydrologic Land Use Classification Using 
LANDSAT 

TP-68 Interactive Nonstructural Flood-Control Planning 
TP-69 Critical Water Surface by Minimum Specific 

Energy Using the Parabolic Method 



 

TP-70 Corps of Engineers Experience with Automatic 
Calibration of a Precipitation-Runoff Model 

TP-71 Determination of Land Use from Satellite Imagery 
for Input to Hydrologic Models 

TP-72 Application of the Finite Element Method to 
Vertically Stratified Hydrodynamic Flow and Water 
Quality 

TP-73 Flood Mitigation Planning Using HEC-SAM 
TP-74 Hydrographs by Single Linear Reservoir Model 
TP-75 HEC Activities in Reservoir Analysis 
TP-76 Institutional Support of Water Resource Models 
TP-77 Investigation of Soil Conservation Service Urban 

Hydrology Techniques 
TP-78 Potential for Increasing the Output of Existing 

Hydroelectric Plants 
TP-79 Potential Energy and Capacity Gains from Flood 

Control Storage Reallocation at Existing U.S. 
Hydropower Reservoirs 

TP-80 Use of Non-Sequential Techniques in the Analysis 
of Power Potential at Storage Projects 

TP-81 Data Management Systems of Water Resources 
Planning 

TP-82 The New HEC-1 Flood Hydrograph Package 
TP-83 River and Reservoir Systems Water Quality 

Modeling Capability 
TP-84 Generalized Real-Time Flood Control System 

Model 
TP-85 Operation Policy Analysis:  Sam Rayburn 

Reservoir 
TP-86 Training the Practitioner:  The Hydrologic 

Engineering Center Program 
TP-87 Documentation Needs for Water Resources Models 
TP-88 Reservoir System Regulation for Water Quality 

Control 
TP-89 A Software System to Aid in Making Real-Time 

Water Control Decisions 
TP-90 Calibration, Verification and Application of a Two-

Dimensional Flow Model 
TP-91 HEC Software Development and Support 
TP-92 Hydrologic Engineering Center Planning Models 
TP-93 Flood Routing Through a Flat, Complex Flood 

Plain Using a One-Dimensional Unsteady Flow 
Computer Program 

TP-94 Dredged-Material Disposal Management Model 
TP-95 Infiltration and Soil Moisture Redistribution in 

HEC-1 
TP-96 The Hydrologic Engineering Center Experience in 

Nonstructural Planning 
TP-97 Prediction of the Effects of a Flood Control Project 

on a Meandering Stream 
TP-98 Evolution in Computer Programs Causes Evolution 

in Training Needs:  The Hydrologic Engineering 
Center Experience 

TP-99 Reservoir System Analysis for Water Quality 
TP-100 Probable Maximum Flood Estimation - Eastern 

United States 
TP-101 Use of Computer Program HEC-5 for Water Supply 

Analysis 
TP-102 Role of Calibration in the Application of HEC-6 
TP-103 Engineering and Economic Considerations in 

Formulating 
TP-104 Modeling Water Resources Systems for Water 

Quality 

TP-105 Use of a Two-Dimensional Flow Model to Quantify 
Aquatic Habitat 

TP-106 Flood-Runoff Forecasting with HEC-1F 
TP-107 Dredged-Material Disposal System Capacity 

Expansion 
TP-108 Role of Small Computers in Two-Dimensional 

Flow Modeling 
TP-109 One-Dimensional Model for Mud Flows 
TP-110 Subdivision Froude Number 
TP-111 HEC-5Q:  System Water Quality Modeling 
TP-112 New Developments in HEC Programs for Flood 

Control 
TP-113 Modeling and Managing Water Resource Systems 

for Water Quality 
TP-114 Accuracy of Computer Water Surface Profiles - 

Executive Summary 
TP-115 Application of Spatial-Data Management 

Techniques in Corps Planning 
TP-116 The HEC's Activities in Watershed Modeling 
TP-117 HEC-1 and HEC-2 Applications on the 

Microcomputer 
TP-118 Real-Time Snow Simulation Model for the 

Monongahela River Basin 
TP-119 Multi-Purpose, Multi-Reservoir Simulation on a PC 
TP-120 Technology Transfer of Corps' Hydrologic Models 
TP-121 Development, Calibration and Application of 

Runoff Forecasting Models for the Allegheny River 
Basin 

TP-122 The Estimation of Rainfall for Flood Forecasting 
Using Radar and Rain Gage Data 

TP-123 Developing and Managing a Comprehensive 
Reservoir Analysis Model 

TP-124 Review of U.S. Army corps of Engineering 
Involvement With Alluvial Fan Flooding Problems 

TP-125 An Integrated Software Package for Flood Damage 
Analysis 

TP-126 The Value and Depreciation of Existing Facilities:  
The Case of Reservoirs 

TP-127 Floodplain-Management Plan Enumeration 
TP-128 Two-Dimensional Floodplain Modeling 
TP-129 Status and New Capabilities of Computer Program 

HEC-6:  "Scour and Deposition in Rivers and 
Reservoirs" 

TP-130 Estimating Sediment Delivery and Yield on 
Alluvial Fans 

TP-131 Hydrologic Aspects of Flood Warning - 
Preparedness Programs 

TP-132 Twenty-five Years of Developing, Distributing, and 
Supporting Hydrologic Engineering Computer 
Programs 

TP-133 Predicting Deposition Patterns in Small Basins 
TP-134 Annual Extreme Lake Elevations by Total 

Probability Theorem 
TP-135 A Muskingum-Cunge Channel Flow Routing 

Method for Drainage Networks 
TP-136 Prescriptive Reservoir System Analysis Model - 

Missouri River System Application 
TP-137 A Generalized Simulation Model for Reservoir 

System Analysis 
TP-138 The HEC NexGen Software Development Project 
TP-139 Issues for Applications Developers 
TP-140 HEC-2 Water Surface Profiles Program 
TP-141 HEC Models for Urban Hydrologic Analysis 



 

TP-142 Systems Analysis Applications at the Hydrologic 
Engineering Center 

TP-143 Runoff Prediction Uncertainty for Ungauged 
Agricultural Watersheds 

TP-144 Review of GIS Applications in Hydrologic 
Modeling 

TP-145 Application of Rainfall-Runoff Simulation for 
Flood Forecasting 

TP-146 Application of the HEC Prescriptive Reservoir 
Model in the Columbia River Systems 

TP-147 HEC River Analysis System (HEC-RAS) 
TP-148 HEC-6:  Reservoir Sediment Control Applications 
TP-149 The Hydrologic Modeling System (HEC-HMS):  

Design and Development Issues 
TP-150 The HEC Hydrologic Modeling System 
TP-151 Bridge Hydraulic Analysis with HEC-RAS 
TP-152 Use of Land Surface Erosion Techniques with 

Stream Channel Sediment Models 

TP-153 Risk-Based Analysis for Corps Flood Project 
Studies - A Status Report 

TP-154 Modeling Water-Resource Systems for Water 
Quality Management 

TP-155 Runoff simulation Using Radar Rainfall Data 
TP-156 Status of HEC Next Generation Software 

Development 
TP-157 Unsteady Flow Model for Forecasting Missouri and 

Mississippi Rivers 
TP-158 Corps Water Management System (CWMS) 
TP-159 Some History and Hydrology of the Panama Canal 
TP-160 Application of Risk-Based Analysis to Planning 

Reservoir and Levee Flood Damage Reduction 
Systems 

TP-161 Corps Water Management System - Capabilities 
and Implementation Status 

 



 

 


	Front Cover
	Introduction
	Training Program
	Training Courses
	Workshops
	Seminars
	Individual Training
	Cooperative Advanced Study Program
	Video Tape Library
	Publications

	Students and Instructors
	Students
	Instructors

	Hydrologic Engineering
	Training Course Content
	Lectures
	Workshops
	Review

	Training Equipment
	Computers
	CRT Terminals
	Teletype Terminals
	Digitizers
	Plotters
	Video Screen

	Conclusions
	References
	Techncial Paper Series

