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FOREWORD

The purpose of the seminar was to provide a forum for sharing
experiences and views on such subjects as:

a. Case studies of unique applications of the computer for solving
hydrologic engineering problems.

b. Critiques of past use and misuse of computer programs for
solving hydrologic engineering problems.

c. Areas where generalized programs are sorely needed.

d. Methods for managing input data or for analyzing, summarizing ,
and presenting results of computer analyses.

e. Documentation of programs.

f. The role, and philosophy of development, of generalized computer
programs.

Papers and discussions are, in general, frank evaluations by the
authors and are not official Corps documents. The views and conclusions
expressed herein are those of the individual seminar par ticipants, and
are not intended to modify or replace official guidance or directives
such as Engineer Regulations , Manuals , Circulars , or Technical Letters
issued by the Office of the Chief of Engineers.
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SEM U~AR ON COMPUTE R APPL I CATIONS IN HY DROLOCY

- IN TRODUCTORY RF~tP~RKS

by

LEO R.  BFJtRD. Di recto r
The Hydrologic Engineering Center

I would like to welcome all of you to The Hydrologic Engineering Center , to
the Sacramento District and to the city of Davis. This seminar is somewhat
different from previous seminars that have concentrated on particular areas
of hyd rologic engineering . In those seminars , we were interested in defining
the hydrologic problems that exist , the current methods used in their solu-
tions, and the outlook for improved applic~ation of commuter techniq~ies and
new mathematical developments. In this seminar, we hope to discuss the
state of development of computer applications in hydrologic engineering ,
the problems that are being encountered in the use of computers , and future
trends that can be expected in the application of computer technology to
hydrologic engineering.

Very few engineers will deny that the electronic computer has come into
its own in the engineering field . Almost every engineering organization
is becoming dependent on computers , because computers have provided means
of solvinc~ problems more economically or for solving problems that cannot
he solved feasibly in other ways.

Ten years ago, the computer was used almost exclusively to solve problems
of relatively minor scope that could he done by hand in a few hours or less.
!~ecentlv , however , the computer is used to perform long chains of computations
without interruption , and the complexity of computer programs has increased
enormo ly.

Ten years ago , the engineer communicated with the computer th rough a
professional programmer. Today , software packages such as FORTRAN have
been develoned to such a level that , with very little training , the engineer
communicates directly with the computer. Time sharing on large computers has
reduced many of the programming cons t ra in t s  and has provided the rapid turn-
around needed by an engineer for really effective use of electronic computers.

The efficiency and unequaled capability of electronic computers now makes
their use imperative . The ever- increasing commlexity of problems to be
solved provides a pressing challenge to expand program capability and computer
applications. Computer progrmss are growing in size . There is ever-increasing
requirement to upgrade their capability and their efficiency . Thus, the
computer is threatening to become an uncontrollable juggernaut that carries
the engineer alon g with i t .  We are now reaching the stage where control of
this machine and its future course of action is of primary concern .

- - - 
—



As computer nrograms become more comp lex , it becomes increasingly difficult
to check their validity , and continuous correcting an~ revision of large
programs is a necessity. As they are used , then, difficulties may he en—
countered in new applications , and it might he weeks before such difficulties
can he overcome . Is this an inevitabl e consequence of greater program con—
i-lexitv , or is it nossible to avoid this by some means?

T xcept for compiling lanr’uaees and sore basic mathematic al orerarions , new
programs are gener.~llv ~‘r1tt~’n by each organi7at ion  for  each general  type
of application . This is because it is relatively easy to write some programs ,
and it is difficult to become thorougl lv acquainted with programs written
by others. In order to overcome this , man’i institutions have established
libraries of programs that are usable generally , or of problem—oriented languages
whereby a combination of prep rogrammed routines can be selected to solve
any problem . S u f f i c e  i t  to  say tha t , as of now , ne i the r  of these approaches
has been successful in serving the real needs at the planning and design
level in the fie ld . Perhaps there is need for developing a systematic man n er
of programming , Including standard means of subscripting , variable naming,
and so forth. Also , there is a need for better documentation than has been
available , and this subject will be discussed to some extent in this seminar .

Differences in hardware availabili ty create many difficulties in computer
applications . Computers with small memories greatly restrict pro~ rammIng
capability and greatly increase the cost of programming . It is only economical
to develop large programs in a large computer , and these must often he seg-
mented for use in smaller computers. The amount of work involved in adapting
programs to several different computers can exceed the orietnal cost of devel-
oping the program and , in a sense , is largely ~.‘asted effort if satisfactory
alternative hardware is available . Software differences among various computers
also increase problems associated with computer applications . In this regard ,
however , it is often possible to anticipate software differences , and to
program In such a way as to minimize their effects.

Despite the many problems associated with the effective use of the electronic
computer in hydrologic engineering , benefits obtained to date and the future
value of past development far exceed the cost and justify the time and effort
devoted to those developments . We are here to discuss some of these develop-
ments , but primarily to propose means of managing computer applications in the
fu tu re  so as to increase benefits most rapidly . I hope that you will keep
this in mind as you make your presentations .

I hope also that , while you are at The Hydrologic Engineering Center, you will
become acquainted with all of our people and our facilities and that you will
feel free in the future to contact us whenever we can be of assistance or
whenever you have Ideas , suggestions or information that would he of value
to us.
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CLOSING THE TECHNOLOGY GAP

By

Leo R. Beard~

The Problem

Every few years, a new dimension is added to the problems of planning ,
designing and operating water resource projects. Thirty years ago, most
Corps projects were designed and operated for ~ single purpose such as
navigation or flood control. Even then, associated problems were complex
and often not adequately solvable.

As multipurpose projects became practical and a general necessity, the
number of alternative possibilities in each planning or operation decision
increased exponentially with the number of purposes. It took deep under—
standing, wide experience and great ingenuity for the engineers to obtain
even acceptable solutions to the problems .

In the meantime, a growing awareness of the necessity to integrate
water resources development into the political process dictated the need
to examine alternatives to each project and to many design features of each
alternative, thus adding another dimension that expanded the problem area
significantly.

Next , increasing development within a river basin or a region required
the functional integration of many projects, and this added yet another
dimension to the analysis process.

Furthermore, not only is there an increase in the i~uniber of problems
that must be studied , but the complexity of each individual problem is
magnified with each added dimension because of the interaction among problems.
Fortunately , legal, physical , economic and political constraints often
rule out much of the problem area and thus simplify the planning process
to some extent. Nevertheless, the problems at this stage are admittedly
far more complex than can successfully be attacked with present technology.

The entrance of water quality (and its myriads of parameters) as a
dominating influence on water resources development is now increasing
political pressures to the point that the water resources problem area
will again be greatly expanded. It will be necessary to examine alter-
natives that have heretofore been politically infeasible and to evaluate

- 
environmental effects that are far more complex than any of the phenomena
heretofore considered in water resources studies.

Thus there is an expanding gap between problem complexity and technical
capability.

‘Director, The Hydrologic Engineering Center Paper I
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Attacking the Problem

The electronic computer and new mathematical techniques developed as
a consequence of computer capability offer the best promise of closing this
technology gap. Yet there is a disturbing lag between the origil i of new
ideas, concepts, techniques or tools and their effective employment in
the planning, design and operation of water resource projects. There is
no question that the development process of converting a theoretical
concept to a practical tool takes time. Yet there is surely a factor of
2 to 10 between the time that the process actually takes and what it would
take if execution of the process were perfectly efficient. This difference
is due to many factors.

First of all, ideas must be critically reviewed in the academic
community , and a consensus must be transmitted to the practicing engineer.
This takes time because of the complexity of many theoretical concepts and
because of the competing flow of technical information. These difficulties
are compounded by the differences in technical language between the academic
community and the design community.

The development process is a responsibility of the design community,
not of the academic community , because it is not practical to convey the
degree of detail required for adequate design to the academic community ,
except perhaps in a few selected cases. But the design community is
reluctant to carry the ball because it is difficult for a busy design
organi..at1 on to devote time and effort to ideas that have no immediate
impact on current design.

This is often interpreted as a stubborn reluctance to discard old
familiar methods and adopt new ones. There is certainly some justification
in this inference, but there is also good reason not to adopt unproven

— techniques that could result in hazard to life or general welfare.
Consequently , a significant part of the lag is consumed in the process of
demonstrating to the design community that a technique is dependable.

Six years ago, the Corps of Engineers took steps toward narrowing
the technical gap in a major technical area by creating The Hydrologic
Engineering Center , with the missions of research, methods development,
training and special projects assistance to all Corps field offices. The
Center was directed to maintain close liaison with major universities and
other development organizations as well as with Corps field oifices.

Through training courses and the combination of research, methods
systemization and special assistance, the Center has encouraged hydrologic
engineers throughout the Corps to consider and evaluate newly developing
techniques and to recognize the tremendous power of the electronic computer.

2 Paper 1
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The IIEC has provided more than 2000 man—weeks of group and Individual training
to hydrologic engineers throughout the Corps. This training is directly
oriented toward providing the technical background necessary to solve the
hydrologic engineering problems commonly encountered in Corps offices.
Nevertheless , it appears that training alone cannot wholly satisfy the needs
for providing technical capability to solve the increasingly complex problems
that comprise modern water resources engineering.

The training in fundamental engineering methodology must be supplemented
by assistance in applying the methods to the distinctive and diverse problems
that confront engineers engaged in analysis of virtually every type of water
management or water development project. Although specialized assistance
on a specific problem can be of considerable value to the individuals involved
in that particular study , there is a need for generalized technical assistance
which can be made available to every engineer—-available to whatever extent
and in whatever form are dictated by the experience of the engineer and the
requirements of the problem at hand.

Providing such assistance would surely narrow the technology gap, and
the implementation of computer power by the development of user—oriented ,
universally-available computer programs such as the Generalized Computer
Packages developed by the HEC appears to be a major step toward attaining
that goal.

Power of the Computer

‘rhe best available computer hardware and software do not approach the
human brain in degree of sophistication , but they exceed it by many orders
of magnitude in the speed of processing and documenting logical computation
sequences. Consequently , elaborate computer packages solve problems with
far more arithmetic effort than would be required by the human brain if
the brain could solve the problem at all. The reason that the computer is
valuable is that it can solve simple and complex problems dependably and
cheaply . But the computer Is inva luable in that  it can persevere at accept—
ab le cost to solve problems that require too much time or storage or trans-
fer  of information for the huma n brain to solve . -

- -  The fastest computers can perform 10 ,000 ,000 additions or 2 ,000 ,000
multiplications of 14—digit numbers per second and can go on for hours and
hours without an error. Software is so sophisticated that a FORTRAN source
program , easily written by an engineer , can be converted in a few seconds
to a machine-language program that is more efficient than can ordinarily
be developed by a professional programmer. This combination of speed and
ease of use make the horizon of computer utility in engineering almost
unlimited .

3 Paper 1
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Associated Technology

Many areas of mathematics have developed in recent years as a direct
consequence of the power of the electronic computer. ~if particular signi-
ficance in the hydrologic engineering field are elaborate simulation ,
stochastic , and operations research processes. Water resource systems can
be simulated in a degree of detail that was not physically feasible a few
years ago. Stochastic procedures enable the engineer to make far more
effective use of available hydrologic data in planning and operation
studies. The degree of data coordination that is now possible was undreamed
of a short while back.

Of particular value are the newly developed optimization techniques
that constitute the field of operations research. These enable the computer
to make many of the decisions that the technician and engineer formerly
made. As problem size and complexity increase , optimization techniques
will solve design problems that defy solution in terms of precomputer
technology .

The Generalized Computer Package

The concept of combining pertinent modern technical developments and
the computational power of the computer are illustrated by the generalized
computer packages developed in The hydrolog ic Engineering Center. These
are a natural consequence of using the computer to perform computations on
many kinds of traditional problems in many technical areas of hydrologic
engineering and to solve problems that could not previously be solved. The
Generalized Computer Package is intended to perform virtually any desired
sequence of computations in an entire operational area of hydrologic
engineering that is separated from the overall water resource problem by
the necessity to interpose the judgment of the design engineer. The secret
to closing the technology gap is to enlarge these areas that can be isolated ,
thus increasing the preprogrammed decision area and reserving to the engineer
only those decisions that require specialized background , information or
criteria that cannot feasibly be generalized and preprogrammed.

The development of these packages will be a continuing undertaking
and , if developed properly , they will represent the state of the art.
This is a new concept of a ‘living ” computer program that must grow or
renew itself as new problems develop and as new techniques become avail-
able. The packages are in no way commensurate with an ordinary computer
program that performs a rigid function or even with an integrated library
of such programs. They can be manipulated easily to do a great variety
of jobs, sonic simple , some complex , some approximate and some highly detailed .

At the present stage of development of computer packages , a complete
hydrologic design might be accomp lished in a single ‘run . This might
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involve hundreds of thousands of minor computation sequences such as were
the sole function of computer programs a few years ago.

For example , the hydrologic evaluation and some a t tendant  economic
analyses of an elaborately detailed multipurpose reservoir system operation
plan for  conservation purposes in one or more r iver  basins can be accomplished
in a sing le run , usi ng computer package W C — 3 .  As another examp le , a
number of development or operation plans for  flood control in an entire
river basin can be simultaneously eva luated in a single run , usi ng computer
package ULC—l.

A Detailed Example

P rogram IIEC — l , ‘ Flood Lt ydrograp h Package , ’ enables the engineer to
solve automat i cally for runoff characteristics such as unit hydrographs ,
loss relationships and routing coefficients , from observed station precip i-
tation , snowpack , temperature and runoff data. It can be used for simple
jobs such as a reservoir routing or for elaborate computations such as
complete computations , plottings and summaries of design floods throughout
a basin. It is possible to compute simultaneously 40 or 50 different floods
at each location in any stream system , representing the range of floods
that would occur under each of several plans of improvement or projected
development and , at the same time , evaluate the flood damage for each
flood at each location under each state of development and in tegrate  average
annual damages.

For each flood computation at each location , it is necessary to specify
precipitation and , if snow is important , temperature for each interval during
the flood period. If the energy budget method is used , radiation and other
pertinent variables must also be specified . Provision is made for applying
ratios and other adjustments to base patterns of precipitation , temperature ,
etc., so that these input data need not be repeated for every computation.
Conditions in each sub—basin at the start of the flood , such .is Initial snow-
pack , loss coefficients , and degree of imperviousness must be specified .
Drainage area size and unit hydrugrap h coefficients are also provided , and
the computer will then compute ~he unit hydrograph , snuwmelt , snowfall , new
snowpack at each elevation dur ng cacti interval , rainfall and snowmelt excess.
and perform the repeated cross—multiplication operation to obtain runoff.

This runoff is usually routed through a channe l re.icb or reservoir or
both for combining with another hvdrograph previously computed or to be
computed and possibly also routed . For reservoirs , stora~w—outflow tablesmus t be provided , and for channel reaches , routing coefficients for any
standard method mus t be provided . Whenever all necessary hydrographs have
been computed and routed to a particular location , the resulting hvdr~~raphs
are combined into one, and computer storage space occupied by its con.1 - nt~it~
is released [or storing new hydrographe to be computed .

Paper I
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Computation efficiency and job management considerations require that
all operations to be performed at any location in the basin be done before
moving on to another location. If 40 floods are being computed , they are
all computed simultaneously as the computation process moves through the
stream sysrem. At each damage center , the peak flow of each hydrograph
is found and the corresponding damage is determined from the flow-damage
tabulation. These flows and damages are summarized , and damages are
integrated. In order to integrate damages, each flood is automatically
assigned a recurrence frequency based on a prespecified frequency tabu-
lation for the location and for one specific basin condition or plan of
development.

It can be seen that such an elaborate computation process requires
extensive preparation of input data and results in large amounts of output.
In order to minimize the work of preparing input and evaluating output ,
elaborate routines have been developed for manag ing input , suppressing
unwa n ted output , and automatically summarizing and plotting the most
pertinent portions of the output in forms directly usable in reports.

Program Management

There is obvious need for different and more elaborate ways of per-
forming all engineering studies , and it is d i f f icu l t  to envision ul t imate
development of the concept of the generalized computer package.

When programs provide this type of capability , there is virtually an
infinite number of d i f f e ren t  paths that can be followed in d i f fe ren t  appli-
cations. Consequently , a package cannot feasibly be thoroughly tested. In
each new application, there is need for a careful check by the engineer
responsible for the job , but self—checking routines and printouts that
provide information in the form , forma t and terminology familiar to the
hydrologic engineer make the checks virtually as easy and dependable as
checks on properly documented manual calculations.

Furthermore, almost every new major application entails system features
that are peculiar to that river basin or that problem or that project. This
means that the package may need some modification . A minor change in one
“routine” can upset the systematic interaction of many routines as applied
in a variety of other problems, and, therefore, it is often necessary to
thoroughly retest the package whenever minor changes are made. It is not
unusual to m ake 30 or 40 runs to modify a package to a new major problem.
However, any other approach to the solution of the problem would be far more
costly.

Although the development of a computer package might be justified by
a single application in some cases, the number of major applications within
the Corps is increasing rapidly. It is reasonable to expect that problems
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requiring the use of these programs will exist in most Corps offices within
the next few years. The programs do not , therefore, represent a rarely—used
phenomenon , and surely their use will eventually be commonplace. Nevertheless ,
the packages cannot be relegated to a library but mus t be attended constantly
by engineers versed in the subject matter .  The continued usefulness of
programs such as these can be assured only when a s taf f  is available to help
manage application and to assure continuous modernization .

A New Era .

There is a new challenge , not only in the demands on the engineer for
the solution of increasingly complex problems , but in the availability of
new computation capability and the almost unbelievable ramifications of
associated mathematical developments.

The computer is not simply a technological tool like the slide rule or
desk calculator. it is the means of revoluelonlizing engineering technology .
Continued application of systems analysis, operations research , simulation
techniques, stochastic analysis and other techniques to engineering problems
by use of the computer must be emphasized if the technology gap is ever to
be closed .
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CLOSING THE TECHNOLOGY GAP

Discussion

Question, Mr. Renner: (1) Why not make your general purpose program
conversationally-oriented so the user can react dynamically with
the computer? (2) How about data management? Isn ’t it too
difficult to input large amounts of data without error?

Reply, Mr. Beard: In our work, we have simply found that it is more
economical and effective, with the facilities that we have, to run
the job in batch mode . The engineer gives his job to the computer
operator and devotes his attention to other matters until the
completed job is returned. Probably the most prograsising effort
goes into input management, and output management also requires
large effort . The actual technical computations are a very small
fraction of’ the program. The future will certainly see much more
emphasis on output analysis within the computer , because the job of
digesting output is often staggering.

Question, Mr. Curnutt: Short-sightedneas seems to always be a problem .
How do we look far enough into the future to see that the future
needs are met?

Reply, Mr. Beard: Although design offices are always rushed to deve lop
programs for immediate needs , attempts should be made to generalize
the programs for future use. In the field of hydrologic engineering ,
the HEC can help in this regard , because it is our mission to
increase the future competence of the Corps in this area.

Question, Mr. Matthews: What is your opinion of the operation of a
computer terminal directly by a relatively high paid engineer?

Reply, Mr. Beard: If he is capable , I see no fundamental objection ,
except for the cost of his time . However , the engineer should
never be required to do terminal input work that can be handled by
clerks or technicians.

Question, Mr. Sharp: How well would HEC Packages lend themselves to a
CORPS (conversationally Oriented Real-time Programming System )
type monitoring system, includ ing user interrupt? Isn ’t it true

- 
- that essentially the “same input data ” would be required, regardless of

whether conventional prograamiing , ICES or conversationally oriented
rout inee are used?
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Reply, Mr. Beard: Yes. Although ‘we feel that the type of work we do
is most effectively accomplished without interruption of computer
operations, it would be relatively easy to provide for interruptions
in the programs when they would be operated in the time sharing mode.
Ordinarily, I would expect this type of operation to be less
economical, but we have not really tried it in view of the additional
development time required to make the packages conversational.

Coi ent, Mr. Eichert: The following is offered in regard to Mr. Sharp’s
question concerning the desirability of coi~tunicat 1flg with the
computer during the actual computer run . Moat engineers feel that
it is undesirable to do a huge job on the computer without checking
intermediate answers first . This philosophy is accomplished in
using the REC program by making separate jobs out of pieces of the
problems, checking the intermediate results, reprocessing if necessary,
and finally processing the entire job.

Reply, Mr. Beard: This appears to be an excellent way of using the
batch mode in a semi-conversational manner. It is necessary, of
course, to run the job from the start every time.

2
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GENERALIZED COMPUTER PROGRAMS

by

Dale R. Burnett’

BACKGROUND

The San Francisco District has been utilizing electronic computers
as an aid in hydrologic and hydraulic studies since about 1960. It was
not until this year that we were able to have “in—house” computer faci—
lities. Prior to this time we have operated under service contracts with
various government and private facilities . This has not necessarily been
a disadvantage although it probably has placed less emphasis on the devel-
opment of computer programs in the District or the utilization of programs
developed by others. Even with “in—house” facilities we are still making
use of overnight service on a government leased CDC 6600 which is avail-
able for a very favorable cost and is more efficient for programs requiring
a large amount of core storage such as Reservoir Water Supply Simulation
studies, Regional Frequency Analysis, Monthly Streamflow Simulation, REC
Flood Hydrograph Package and a few others. Programming is primarily a
function of the ADP group with engineers in other elements of the District
outlining mathematical procedures to be used and desired ouput format.
ADP started out under the Technical Service Branch but is now directly
under the Division Engineer as a Regional Computer Center. During the
past two years, as recent graduates have joined our Section, our program-
ming capability has increased but is used primarily to make minor modi-
fication to existing programs. Also, with the availability of programs
from HEC and other Districts, there is no longer the urgent need for new
basic programs.

EQUIPMENT

The present “in—house” facility consists of a GE—Honeywell 427 system
with 64K core storage using 24—bit characters , an 800—900 per minute card
reader , 4 tape drives and 6—167 disk drives with a total capacity of 90
million characters, an on—line printer with a print speed of 1100 lines
per minute and a 100—card/minute card punch . It is a multi—process en-
vironment system with a job stack converter. The satellite computers at
the other two Districts are GE 225’s with 8K memory core and 800—900 line
per minute printers . The facility is being developed as a prototype for
computer hardware being planned at other Divisions within the Corps.

I Hydrau lic Engineer, Hydrology & Hydraulics Section
Water Resources Planning Branch, San Francisco District Paper 2
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DEVELOPMENT AND USE

The first work done on computers by engineers within the Hydrology
and Hydraulics Section was the development of a water supply routing
monthly simulation for a reservoir with releases made downriver to
augment existing flows on the main stem from which M&I water supply
diversions were to be made.2 There were several control points having
minimum flow requirements . This type of program has one of the great-
est B/C ratios of any program utilized in the District and I am sure
that there is no need to point out the many hours of tedious arithmetic
that this program has spared. It was not a completely generalized pro—
gram and required some modification for nearly every reservoir studied
since that time. It has never been well documented and each new reser-
voir study requires a program writer to do some tailoring of control and
check points and output format. Some have included power studies along
with water supply studies. One program combines two reservoirs operated
in tandem and one required the operation of twin reservoirs on parallel
tributaries with a common reservoir pool at the higher elevations of the
reservoir. The water surface profile computation both downstream and
upstream from a control point and hydrograph f r om unit hydrograph were
the next two programs which were developed because of the great percent-
age of time spent on these types of computations. Synthetic unit hydro—
graph derivation, frequency statistics, flow duration analysis, hydrograph
routing through channel and reservoirs, simple linear correlation and
others followed over the next few years.

A program which was developed within the past couple of years is
the Interior Drainage Flood Routing Program for which there was a great
need at various t imes . The program is working well and accounts for
inflow from the interior area as well as seepage through levee systems
and toe drain flows. The seepage can be put in as a hydrograph or com-
puted from a differential head relationship . It is published as HEC 23—79
and has been amended only slightly from the published edition so that
river conditions can be entered in the form of a stage hydrograph. This
amendment facilitates computations where the tidal cycle has an influence

~on river stages.

Another program which has been particularly useful during the past
year is the HEC Hydrograph Routing and Combining Program. The San
Francisco District has had a channel routing program for some time which
has proved very useful for routing reservoir holdouts and evaluating
reservoir benefits but we have not as yet expanded the program to include
local hydrograph generation or the capability of adding a known local in-
flow above a control point. The HEC program was used to evaluate reductions

2 The program was developed by I. H. Stei nberg , Chief , Water Resource .
Planning Branch, San Francisco District , during water supply studies
for the subsequently authorized Russian River, Dry Creek, Warm Springs
Dam and Lake Sonoma Project , H. D. 547, Sept. 1962.
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from re ,ervoir holdouts and develop discharge hydrographs by combining
12 subarea hydrographs and routing through 6 rive r reaches with 20 sub—
reaches.

Much use has also been made of the HEC—3 Reservoir System
Analysis , Conservation Program. Other programs we ~.re start ing to use
include the Reservoir Temperature Studies , Reservoir Delta Sedimentation
and Deposit of Suspended Sediment . We have not expende d a great number
of man hours duplicating the e f fo r t  of other Districts in writing pro-
grams, but have t r ied to make maximum use of existing programs .

SUGGESTION S FOR IMPROVEMENT

I feel that the NEC Methods Systemization Manual “Preparation of
Hydrologic Engineering Computer Programs,” January 1970, is an excel-
lent guide for preparing programs and that it should be followed by all
Districts.  Greater attention should be given to program documentation
so that there can be a more profitable interchange of programs between
Districts . Greater uniformity could be given to input format so that
keypunch operators would not be required to remember details which are
unique to each program . If the lX ,F7.O ,9F8.O format is followed when—
ever possible , it would make their wo rk more ef f ic ient .  A standar d
Data Preparation Sheet of 10 fields could be used for most program in—
puts. We have utilized specially designed input sheets on most of our
programs but the present tendency is to use the standard 10—field form
along with a “users guide.” Exhibits 1 and 3 are examples of forms
which were though t to be an improvement over the standard form in that
all variables are defined on the form and an input write—up is not re—
quire d in orde r to prepare the input data. The reason for the restricted
field on the title cards of Exhibit 1 is to confine it to the area allot-
ted on the plot shown as Exhibit 2. Several plot packages have been de-
veloped In the Dist rict , using a Behnson—Lehner software package with
modifications . There are some instances when this saves on engineering
costs and could decrease drafting costs for reports. Exhibits 4a, b and
5a , b , c are examples of Reservoir Sys tem , Conservation Routing output
which have been arranged and headed to be more convenient for ease in
review, particularly for anyone not working with program output frequently .
We should put as much thought into the output format as we do in any other
phase of programming because of the time spent in understanding the volume
of material which is generated from the computers .

In our District, we have been very inconsistent in the methods used
to des ignate “stacking” and “end of Job .” Sometimes we use a — 1 punched
a data column, sometimes a 2 punched in column 80, sometimes “end of job”
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is called by three blank cards , four blank cards , the words “end of job ”
in the f i rs t  field , etc. Unless there is a good reason to use a certain
procedure , it would seem adv isable to use a cons istent procedure on all
jobs wi t hin the Dis t r ic t .

Engineers should take greater care in identifying and dating computer
output so that it will have greater and longer lasting value as a permanent
file document in those cases where the output is kept in study files . I
particularly noticed this recently in reviewing output from the Hydrograph
Routing and Combining Program where index points are identified by code
number. It was very difficult to be certain just what location the code
number represented. In most cases there is sufficient  space in the three
title cards to identify the code numbers by name . If three t i t le  cards are
not adequate, it is a simple modification to provide greater flexibility in
the number of t i t le car ds allowed. Also , I would like to see this particular
program output arranged in a vertical format with a t ime (hour— day—month)
column at the left and amended to allow reservoir holdouts to be combined
at more than one downstream index point. This modification would perhaps
decrease its usefulness as a “general” program but would make it more val-
uable in the m~iiority of cases In the San Francisco District. The Methods
Systemization Manual previously referenced contains many recommendations
which , if fo1!~ wLd , would improve the quality of our computer programs.
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GEN1~RALIZ~ ) COI4~ JTER PROGRAMS

Discussion

Question, Mr. D. Thomas: What has been the experience of various
agencies in getting good documentation? Would a specialist in
documentation help? Can guidelines be proposed?

Reply, Mr. Burnett: We have had minimum requirements and “guide lines”
for some time. However, with a heavy work load it is easy to procras-
tinate the preparation of formal documentation other than that required
by the “using” engineer. Although engineers or professional writers
could be assigned this as a major job, it would seem more efficient
for the program writer to document his own program and have it
edited by other users and a well qualified writer.

Coement, Mr. Fredrich: The consensus of the persons to whom I have
talked seems to be that the degree of documentation is related to
the amount of technical assistance available to potential users.
Programs for a depository must be much more thoroughly documented
than programs which will be supported by a technical staff for any
user ’s applications.

Comment, Mr. Price: For simpler programs good documentation is worth-
w~1le. For more complex programs, complete documentation is almost
impossible. For these more complex programs a person-to-person
contact is, in my view, the most helpful way to learn how to use
the program.

~~~~~~~ . . .
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APPLICATION OF COMP(7t~ I PROGRA~~ TO HYDROLOGIC PROBL~~~OF THE CENTRAL VALLEY OF CALIFORNIA

By

Richard E. Bennior?

1. The Sacramento District extends easterly from the crest of the Coast
Range of California to the Continental Divide in Wyoming and Colorado. It
is one of the largest districts of the Corps . Because of the wide variation
of climate in the district hydrologic problems are varied. Civil work
projects include navigation and various types of flood control projects.
Navigation begins in the tidewater area and extends about 100 miles up
Sacramento River. Two deep water channels to inland ports have been
constructed. Federal flood control projects include channel improvements,
levee construction, diversion channels, detention reservoirs, single purpose
operable flood control reservoirs , multipurpose reservoirs , and various
combinations of storage and channel projects. A number of reservoirs in the
district have been constructed by local agencies or other government
agencies with Federal contribution for flood control and are operated under
the provisions of Section 7 of the l9~41+ Flood Control Act . Three distinc-
tive types of floods occur in the Sacrament o-San Joaquin Basins , anowmelt ,
general rain and cloudburst . These floods range in characteristics from
moderately high peaks associated with sustained high flows for months , to
extremely high peaks with flood durations of only a few hours .

2. The paper consists of a series of seven short discussions concerning
computer programs that have been and are being used in the Sacramento
District for solution of hydrologic problems. Each discussion includes an
identification of the program, a statement of the purpose, and outline of
program function, and a discussion of the utility, adaptability and general
effectiveness of the program. The first six are relatively small programs
and the seventh is a large generalized program.

3. Following discussions of individual programs, there is a generalized
statement appraising the effect of the ADP era on quality, quantity, and
eosts of hydrologic reports. Administrative aspects of transition into a
computer age are also discussed.

1Chief, Hydrology Section, U. S. Army, Sacramento District , Corps of Engineers,
650 Capitol Mall, Sacramento, California 958l~
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C(1G’U~~~ PROGRA)’€

4. Program (
~~~

). -

723 -110 Unit Graph and Lose Rate (~ timj zstion. Used on CDC 660o or
GE 7090 class. This is an adaptation of EEC 23-J2-1211.

~• !!!!Pose and method. - This program is used for determination of
optimized unit h$rograph and loss rates from precipitation and f lood
bydrogr.ph data . It determines Clark’s unitgrtph if appropriate para-
meters are read in, or viii determine best unitgrsph from a synthetic
time-area curve. Rainfall losses can be specified or a loss equation
can be computed (L — i~~) based upon reproductions of several floods for
the basin being sttdied .

Trial reproductions of historical hydrographs are made using varying
loss rate. or methods of comput ing losses in a short period time. It
provides a means of selecting the “best ” combination of unit h$rogrsphs
and loss for a particular basin.

b. Discussion. - The program as proposed by EEC i~ used directly and
has not required modification for applications made. Uni t h~ydrogrsphs and
losses so developed give reasonable reproductions of historical events .
Sometimes the optimized values do not fit too veil on certain individual
streams. The program presently is written to optimi ze more on the peak of
the historical h$rograph rather than on the total volume. As a result,
it does not give a true unit hydrogrsph and the volumes of these consti-
tuted hydrograph. are often more in error than is desired . Applicability
of the unit hydrographe and losses derived in flood synthesis requires
use of j tdgeaent . No modification, of the program have been made as it
has been incorporated into EEC-i.

5. Program (Sacramento District). -

723-AAA and -MB Itydrograph Compu tation with or without Base Flow
(also Thtum Routing or Precipitation and Snow
Kxoess Distribution).

a. Purpose and method. - This basic program was developed to accomplish
the cumulative multiplication required in using rainfall excess, unit hydro-
graph, and base flow to compute a flow h$rogrsph. Input is excess values
in inches for successive periods, unit hydrograph ordinates and base flow.
Computation of excess values must previously have been accomplished
separately. (~atput is shown on example 1.

b. Discussion. - The program is very simple and can be applied to
accomplish other purposes vithout modification. For example, this program
can also be used for ~~tum routing by feeding in h3drogrsph ordinate, for
“excess ” and Thtua Steps for “unit hydrograph.” “Base flow” car ds could
be used to add in a second hydrogreph at the end of the routing reach .

2
Paper 3 



Example 2 is an adaptation of 723-AAA to compute a percentage of another
hydrograph , for instance a proportional flood of another basin , or a
different frequency flood for the same basin it desired. This is done by
using hydrograph ordinates for “excess and a single percentage figure for
“unit hy-drograph,” and “0” as base flow. In this instance base flow could
be used to add a concurrent hydrograph. Column headings are modified when
the program is used for other than the original purpose.

CREEL DA DA 1~~.0 ~~~~~~~~~~ 
~~~~

UNIT HYDROGRAPH

PERIOD EXCESS UNIT H—GRAPpJ BASE_FLOW ~~~~ NATE SUMMATION

1 0.0000 528.00 110. 110.0 110.0
2 0.0000 2560.00 110. 110.0 220.0
3 •2700 3147.00 110. 252.5 472.5
4 .2200 1538.00 110. 917.3 1389.9
5 .4500 1071.00 110. 1760.4 3150.4

2 0.0000 45.00 110. 292~~. 32445.3
28 0.0000 35.00 110. 260.5 32705.9
29 0.0000 27.00 110. 237.1 32943.1
30 0.0000 18.00 110. 225.0 33168.1
31 0.0000 15.00 110. 209.5 33377.6
32 0.0000 0.00 110. 190.1 33567.7
33 0.0000 0.00 110. 171.8 33739.5
34 0.0000 0.00 110. 153.5 33893.1
35 0.0000 0.00 110. 138.1 34031.2
36 0.0000 0.00 110. 127.8 34159.1

TOTAL 2.1300 14178.00 . 3960. 34159.1 34159.1

3 Pap.r 3
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Example 3 (723-AAB ) is a modification of the original program. Decima l
form ratio cards (as shown in Sacramento-San Joaquin Criteria Report ,
Chart 28) of a 96-hour storm are put in for “excess” cards. Total. basin
“excess” precipitation is put in for the “unit hydrograph” card. Snowmelt,
if any, is put in on “base flow” cards . Column (5) is total precipitation
by snowmeit . Note column headings have been changed on the machine printout .
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No real problems have occurred in program usage • The formats could be
modified simply to give proper column headings for whatever purpose it is
being used. Its use has greatly reduced hydrologic study coats because it
ha~ been used Many times and does the work much faster than it could have
been done with a desk calculator.
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6. Program (Sacramento District). -

23-73 Time Distribution of Basin Mean Storm Prec ipitat ion

a. Purpose and method. - This program was developed to distribute total
storm basin-mean precipitation into incremental amounts needed for flood
analyses. It distributes total basin mean precipitation proportional to
distribution for one or more recorder stations.

b. Discussion. - In Sacramento District, total storm basin-mean
precipitation is generally determined by one of the following methodsi

(1) Computed from storm isohyctal maps.

(2) Computed by use of ratios of station amounts to station NAP
values and averaging indicated basin means.

(3) Computed from station weights based on the “Thies~ n Method” or
some arbitrary modification thereof.

Time distribution of precipitat ion may be based on one or more recording
precipitation stations. When more than one station is used for this purpose,
desired station weighting can be applied.

Input ,is storm total precipitation amount and desired time incremental
amounts of’ selected recording stat ions . Output forma t provides clock time
with distributed amounts and a. progressive summation of incremental
amounts . The program also punches the distributed amounts so that the cards
can be used as input data for other programs. Sample copy of printout,
sample 4 , is attached.
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7. Program (HEC). -

723-GIL-2320 Hydrograph Combining and Routing

Will run on GE 225 series or larger.

a. Purpose and method. - Thi s program combines gaged flows and routes
them thr ough river channels • It computes wigaged inflows occurring between
successive index points . It can also route through reservoirs which have a
known storage-outflow relationship.

b. Discussion. - This program is particularly adaptable for computing
flows with ratios of initial input hydrographs , as it can handle a large
number of input increments. The district has used this extensively in
routing various flood series , such as SPF , 100-year and 50-year floods . The
reservoir routing routine is the limitation, as computations for thi s
routine are more complicated than channel routing routine. With the
district’s GE 225 computer the program limitation is 250 hours and with the
CDC 6600 the limitation is 500 hours . This program has been used extensive-
ly in the past and will probably be continued in use for applicable problems.

8. Program (Sacramento District). -

723-GI-12-A?0 Unit Hydrograph Computation

Computes synthetic unit hydrographs.

a. Purpose and method. - This program computes a unit hydrograph by use
of drainage basin characteristics, a sumsation hydrograph generally known as
the “S” graph a predetermined set of lag relationship curves (roughness
coefficient noted below is used as a parameter).

b. Discussion. - Drainage basin characteristics include area , length of
main stem of stream (L) ,  length from computation point to center of the area
(Lea), average slope of_ the main stem (s) ,  and an estimated average basin
roughness coefficient (n) .  The program has been used extensively in develop-
ing unit hydrographs for urban areas and to some extent for small drainage
areas , particularly those ‘Eere the cloudburst type storm produces critical
floodflows. Its chief advantage is that physical dimensions of the basin
can be determined quickly from available topographic maps. It has also been
an inexpensive device to verify ,unit hydrographs determined by other means .

9. Program (HEC ).  -

723-Aa0 Unit Graph and Itydrograph Computation ; will run on GE 225.

a. Purpose and method. - This program computes unit graphs by Clarks Method
and uses either computed water-excess or storm precipitation and loss
relationships to compute water-excess, then accomplishes the unit hydrograph
routing to compute flood runoff .
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b, Discussion. - Program accepts rainfall i n  inches , or as proportiona l
increments of specified storm total.  Program computes rain excess by use of
cithe ’ an in i t ia l  loss and uniform loss rate , or the loss equation L—KP~

’.
The changes were made in instructions pertaining t.o the use of the Ios~;
equation , L K P C. The first change was to replace the init ially specified
DLTA K tram O..~ DLTA L to any desired ratio of DIJTA L in order to obtain
better reproductions of the observed hydrographa. The second change involved
a modification so that losses can hr computed to any designated time Increment
rather than the 1-hour increment originally used in the program.

The program has been incorporated in other generalized programs and u.s
t’utur e use will be limited largely to studies involving computin~I’ flows tn
a stream at a single I ndex point.

10. Program (Rl~X ) .  -

:~ ~-X6-L~’6t~ Regional Frequency Computation

Must run on CDC 6b00 , or 1W4 ‘10914 class.

a. Purpose and method. - Performs st,ast.icnl analysis for computat ions
of minimum annual flood frequency for peaks, 1 , ~, 10, 30-day .mean fl1 sw: s .

b. Discussion . - This program can lot’ w; ’d for analyzing one 7 tfttion at
a time or more than one station. I f more than one station I zo wed the
program will. correlat e data between stat , l ono; for each duratton being used ,
compute correla t ion coeffic ien t  ‘ R ” , nn~I estimat e mI:osing data at any stati on
whenever there is data aval lab l.e at one or more of the other stat i ons .
Pr ogram also estlnmtes mIssing peaks when daily flow (lata is available .

When desired , skews and standard devta t . i oin; can be inserted as input.
data for use In comput i ng frequency Curve coord i nates . Usually , howev er ,
the skew , standard deviat i on , and mean valuvs are not fed in , and machine
computes these values.

Program output l ist s  bot h recorded and estimated dsta (the latter noted

— 
w i t h  an “ F.” ) arranged in descending order of magnitude for each duration .
Also , correl*tlon coeff icients  between ~;tatiow; for each duration arc g iven
for the three following conditions.

(I) For actual recorded data.

(. ‘) For recorded and estimated data.

( 
~
) For smoothed conditions ( labeled as ad opted statistics).

Program has been used considerably in  develop i ng frequency curves in
order to ~dh~ i c ’ to the  “Wat er Rcsourcez; t~’ouncil Procedure.” Th is program
comput es required vft l s i r z  for plot t ing a a tat i et ic a l  curve . The computed ~PF
values are Indicated on the frequency plot , and when deemed necessary , the
curve is modified graphical ly.
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11. Program (H~x~-i). -

723-X6-L2010 Flood Hydrograph Package

a. Purpose and method. - IWC-l computes flood hydrographa, optimizes
loss rates and unit hydrographs , calculates basin precipitation, routes and
combines flood hydrographs and routes floods through detention type
reservoirs.

With this package all hydrograph computations associated in the
historical or hypothetical storms, channel routing and reservoir routing
where outflow is a function of storage and inflow can be accomplished for a
complex river system. Routings Include rainfall and snowmelt determination,
computation of basin precipitation from station values, unit hydrograph
determination, hydrograph calculation, various methods for channel and res-
ervoir routing and complete stream system hydrograph routing and combining.
Unit hydrographa, loss rates, sno’wmelt, freezing temperatures and best fit
routing coefficients can be derived automatically from historical storm and
flood data.

b. Discussion. - HEC-l is being used In the Sacramento District to
route historical and hypothetical floods in the upper Sacramento River
system through detention reservoirs and to various points of interest. The
reservoir routing routine does not lend itself for reservoir system routing,
because the program does not make use of reservoir parameters and downstream
flood control objectives. In the determination of flows from ungaged areas ,
unit hydrographs, and loss rates were developed from historical events for
gaged tributaries by use of the optimization routine of the program. The
unit hydrographs were comparable to those developed by the S-curve method.
See page 10. The use of flood ratios for the simultaneous calculation of a
whole range (10-year to sPF) of hypothetic floods was a major time saver to
reduce the total computer time for any run, the hydrograph plotting routing
was modified to allow for greater flexibility in the choice of the location
of the plot . An instantaneous peak calculation was added to the summary
routine to make interpretation of hydrographs easier.

The upper Sacramento River system encompasses eleven routing points on
the main stem of the river, historical arid hypothetical outflows from seven
reservoirs and flows from thirty areas of which less than half were gaged.
These were routed and combined to derive the total flow at Ord Ferry .
Hypothetical flood series were developed to be used by the Reservoir Regu.la-
tion Section in a reservoir systems analysis. A routing schematic is shown
on Example 5 on page 11.

This program is also being used in the Walnut Creek and Coalinga Creek
Basin studies . For the Walnut Creek Basin hypothetical local storms were
developed by use of percentage distributions of the storms with initial and
COnStant losses . However , for the Coalinga Creek Basin, the hyperbolic loss
function was used in derivation of hydrographs. To accomplish the objectives
in these studies it was found to be advantageous to modify the loss calcula-
tions as follows :
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(1) The uniform and maximum allowable loss rates were changed in their
dimensions fran Inches per hour to inches per selected time interval.

(2) For greater flexibility of the hyperbolic portion of the loss rate
function, the constant (0.2) was changed to a variable as indicated on
page 8 .

(3) The loss calculations within the runoff routine have been modified
such that either initial or constant losses can be satisfied first. A
negative value of the initial loss calls for the uniform losses to be
satisfied first.

The package program will probably be modified to satisfy the specific
requirements for each major basin use. Use to date has demonstrated that
this generalized program provides an economical solution to complex
hydrologic problems. For complex applications a considerable amount of set
up time (data management and becoming familiar with the program) is
required . Once users are aware of all aspects of the program, it becomes
a very effective and time saving tool . Application in the Sacramento
District has indicated a need for more thorough documentation of the
program and need for more descriptive language in this documentation.
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Example 5

Schematic For

Upper Sacramento River
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GEN1~AL DISCI.~ SI0N

Most computer use to date in Sacramento District has involved the simple
programs designed to accomplish one-step or two-step problems. The computer
was used to eliminate time consuming desk calculator computations, particular-
ly of types frequently performed. Such programs have the advantage of being
understood easily by engineers or technicians familiar with desk calculator
problems. Development or modification costs of these simple programs were
small and it was relatively easy to assign such costs to a portion of funds
allocated for hydrologic studies on one or two specific projects. Although
the district has used a number of different computer programs , there has not
been the amount of cost reduction initially estimated. Many difficulties
have been encountered in developing usable programs . Some are still being
encountered. A few of the past problems associated with transition into the
computer era are listed below.

(1) Human inertia that opposes change and the feelings of insecurity
in individuals who fear that the organization will have less need for their
services.

(2) Lack of adequately qualified personnel at the onset of the
computer era.

( 3)  Difficulty in obtaining funds for program development.

(4)  Relatively long training period required to develop computer
proficiency.

(5) Tendency of computer oriented personnel to use it as a toy by
trying to develop exotic programs with capabilities beyond current needs.

(6) Changes In available computer equipment.

(7) Limitations on capability of’ computers and the lack of under-
standing of these limitations by those who use them.

Although there is no accurate means of evaluating comparative costs with
former means of solving hydrologic problems , it is the authors opinion that
to date there has been neither a significant cost reduction realize~ nor
increase of the quality of work produced. The district is approaching (or

• may already have reached) the crossover point beyond which costs will
decrease and quality of work will increase.

Hydrologists must give attention to the importance of developing a
deep understanding of hydrologic forces and not be lulled Into a false
sense of security by great amounts of statistical data which can be generated
by the electronic computers. The computer user must orient his philosophy to
use the machines as a challenge and motivation toward greater understanding
of the natural forces that regulate our hydrologic cycle . This task of’ deep
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hydrologic indoctrination bears heavily on the shoulders of experienced
)iydrologists that have grown up the hard way and they must assist the new-
comer in obtaining a deep understanding of his responsibility to advance
the art and to serve his clients well. This tool if used wisely will
enable him to accomplish infinitely more and better quality of work than
his predecessor .

The outlook for the future appears much brighter than the results achieved
to date. Proven programs are available for moat of the time consuming
hydrologic computations . The experience of engineers and technicians in
computer programing is now approaching a desirable level. New engineers
are being trained in computer application as a part of their basic
engineering training, so they will enter into their professional careers
better equipped for the challenge of this day and of the future.
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APPLICATION OF COMBJTER PROGRAMS TO HYDROLOGIC PROBLEMS
IN THE CEWI’RAL VALLEY OF CALIFORNIA

Discussion

Comment, Mr. Beard: Mr. Bennion implied that his use of }
~ C on short-

time consultation frequently, since his staff is near HEC, might
unduly impose on HEC. For the benefit of’ the Corps representatives
here, I simply want to make it clear that the HEC exists solely to
assist Corps offices in any way that we can and that we are more
than happy to work with the Districts in any way that they desire.
Also, we hope that the matter of pride of authorship doesn’t inhibit
cooperation with HEC. It is not the function of HEC to become a
center of’ competence dispensing knowledge , but to work cooperatively
with field offices to increase the competence of the entire Corps
in the hydrologic engineering field.

Reply, Mr. Bennion: I feel that you have demonstrated this in our
relationship and by the assistance we have been given. My men
have expressed their appreciation especially for help from A . J.
Fredr i ch.

question, Mr. W. Thomas: Has your idea of encouraging your young engineers
to develop some of their own computer programs increased the insight
or ‘?eel” for hydrology that you are trying to impart to them .

Reply, Mr. Bennion: This question can only be honestly answered in a
few year s from now, but it is my real hope that this is the case.
I do see some evidence of development.

Comment, Mr. Sharp: Mr . Bennion , you have expressed a reluctance of
your office to become computer oriented and a reluctance to place
a great amount of’ confidence in computer programs, not only developed
by others, but by yourself as well. However, it appears from the
content of your paper that perhaps you may be more of a convert to
ADP than you realize , or are willing to admit. I~ sny case, I’m sure
that all of us here who have been actively engaged in hydrologic
engineering applications with the computer have a great deal of
respect for your worthwile transition into computer usage. Many
of our offices have not displayed such a change, which is moat
important . In this transition you chose to modify a few of the
HEC programs , presumably to render them more suitable to your needs
and confidence, and I’m sure you must consider yourself in a better
position to stand behind any such modifications, which would requirc’
explanation in design memorandums and other reports.
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Reply, Mr. Bennion: We try only to modify to the extent nacessary to
make the programs functional for our purposes. As I tried topoint out in the presentation, these have been frustrating exper-
iences with respect to funding for program development or adaptation.
This in a large measure I am sure was due to lack of’ adequate train-
ing of those attampting the program modification.

Any reluctance I have felt toward computer use has stemmed from
the hard necessity of getting a given job done within fund limitations.

2
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COMPUTER APPLICATION FOR
INTERI OR DRAINAGE STUDIES

ST. LOUIS DISTRICT
by

JERRY L. CURNIJTT

I. INTRODIXTION.

The firs t question a person mi ght ask is, “What is an interior drain-
age study?” After the design or construction of a levee , protecting
an area from direct flooding by a river, a study is made to determine
methods of alleviating f looding on the landward side of the levee
caused by interior runoff .  This runoff  would result from seepage
through the levee during high river stages and from ra infal l  over
the bottom lands and adjacent hill land areas.  Means of allevtation
studied include: small reservoirs in the hill land ; diversion chan-
nels ; enlarged ditching ; additional drains through the levee; and
pumping stations. Because of the heavy development of the land ,
improvements are usually limited to the last three methods. There-
fore , the study will dete rmine the degree of improvement at the out-
flow point that can be economically justified to reduce the annual
flood damages. Plate 1 illustrates a plan view of a typical flood
plain area to be investigated for an interior drainage study.

The St. Louis District has been involved in interior drainage studies
for about 20 years. In the f i rs t  studies all computations were done
manually and the time required to stu~fy one pump station was staggering .
The gravity outlets were not investigated with the pump stations due to
the additional time involvid. To eliminate the great volume of manual
compution , the District developed an interior dr~ inage program in 1965 .
The analysis was still rather simplified inasmuch as the same procedures
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were used in the program as were previously performed manually. Only
the periods of blocked drainage were investigated and no consideration
was given to periods of runoff when the river was low. By 1968, it was
evident that a new approach to interior drainage studies was needed
since all periods of flow needed to be examined to determine the best
plan of improvement. The computer program in use at that time was
inadequate because of the simp1if~ed approa ch and general assumptions
used in the program. Several programs developed by other districts
were investigated but none met the desired criteria of pumping with
the gravity drain in operation. Consequenhy , it was decided to develop
a new program that would be general enough to handle the various com-
binations of river stage , gravity dra in f l ow, and pumping , but would
be in sufficient detail to provide information fi,r economic analysis.
The program has been operational for several months and , based on pre-
liminary results , it appears to be the most comprehensive interior
drainage program in use at the present time. The program has been
assigned the number 723-Rl-A3-530 .

2. GENE RAL METHOD OF ANALYSIS.

Interior drainage analysis is based on the evaluation of flood damages
for each area where improvements are contemplated. The evaluation
covers the fu l l  period-of-record , both with and without the improved
drainage facilities in place.

0

The basic steps involved in performing the hydraulics portion of an
interior drainage study are:

a. Prepare inflow and river stage data.

b. Analyze existing and additional gravity drains.

c. Analyze the various pumping capacities .

The program will evaluate , for the full period of record , up to five
condi t ions of gravity drainage , pumping and ditching , and overflow
into adjacent subareas. The f i rs t  condition wi l l  only consider no-
pumping (gravity drain being the only means available to remove water),
whereas the second , third , fourth , and fifth conditions can include
various combinations of gravity drain and pump capacities.

3. INFLOW PROGRAM .

The inflow used in the interior drainage program is computed in a
separate program No. 723-Rl-A3-470. The program computes the inflow
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due to r a i n f a l l  and seepage , and the  dai ly river elevation . Dail y run-
off is computed by the use of rainfall , runoff factors , and drainage
areas.

a. Ra in fa l l  runoff .  The inf low from rainfall runoff used in the
d a il y rout ings are developed for each pump station location from the
Weather Bureau , U.S.G.S., or Corps records of rainfall at the long
term gage nearest to the study area . The rainfall is applied to vari-
able runoff coefficients to convert daily rainfall into daily runoff
values and is a major change from past programs . Coeff ic ients  for
each of the four seasons of the year were determined from data developed
in previous studies , using the ASCE Hydrology Handbook a~ a major ref-
erence. The rules listed in the above mentioned publication were
applied to previously determined coefficients for hill lands and bottom
lands.  These rules s ta te :  “There is no dependable method for  correc t-
ing in f i l t ra t ion capaci t ies  for specif ic  seasons . A review of the
scant data available ,’ however , suggests that as a “rule of thumb” , the
summer values should be multiplied by approximatel y 0.75 to est imate
the winter capacities , and by approximately 0.85 to indicate  the rate
dur ing th e t ran s i t ion  pe r iods of low bio log ic ac tivi ty between summer
and winter. These factors do not apply to frozen soils.” These sea-
sonal coe f f i c i en t s , the a r ea of the hil l  and bottom lands , and the
dai ly r a in fa l l  amounts are used to compute the runoff in day-second-
feet  for  each area where a pump s tat ion is proposed .

b . Seepage. Seepage is also included in the computation of inflow
u sed in the routing program . Discharge rating curves for varying heads
a re de veloped fo r each seepage well located in the study area. Compos-
ite curves are then prepared using the seepage well curves located in
that specific pump station area . Plate 2 shows an example of the head
versus seepage curve used in the program. The seepage values of inflow
are added to the daily runoff  inf low to achieve the to ta l  inf low value.

c. River stage transfer curve. The daily river stage data at the
es arest main stem gage are transferred along the river profile to the
c’ravity drain site where improvements are proposed . This is done by
.. e’;.doping a relationship between the water surface elevation at the
gage and the water surface elevation at the pump station site and is
used to give a better river stage reading at the actual location of
the gravi ty  drains . The stages from the recording gage are converted
in this  program so these comp ’itat ions were not requ ir c~ ‘n the  rou t ing
program.

4. GRAVITY DRAIN AND PUMP ANALYSIS

All of the flood plain areas located within the St. Louis District sub-
ject to possible interior drainage studies are small enough for runofi
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to travel to the proposed pump stat ion si te wi th in  24 hours . There-
fore, the program was developed to perform a daily routing. This
routing combines rainfal l  and seepage runoff , routes it to the pump
station location , compu tes th e outflow , then determines the daily
acres flooded. The District ’s needs were best served by a daily
routing , due to the number of long term gages located within the
St. Louis Dist r ict .  The periods of record to be used in the pro-
gram vary from about 30 to 65 years .

a. Curves needed and method of use. Most of the control parameter
data is stored in the computer in coeff ic ient  form for second degree
curves. Coefficients rather than tables are used to fully utilize the
limited amount of computer storage available. The curves used in the
program are:

(I) Storage curve (storage in dsf versus elevation).

(2) Storage curve (elevation versus storage in dsf).

(3) Area curve (acres versus storage in dsf) .

(4) Seepage curve (seepage in cfs  versus head).

(5) Gravity drain rating curves (elevation versus discharge
in cfs) .

(6) Ditch rating curves (elevation versus discharge in cf a).

(7) Pump efficiency curve (head versus fraction of full
capacity in percent).

(8) Overflow curve (elevation versus discharge in cfs).

After the data for the curves are developed , another program (No . 704-
Rl-A3-59M) is used to co~pute the A , B , and C coeff ic ients  for second
degree equations (Y AX’ + BX + C) by the least squares method . In
many instance8 , a value of zero is computed for the A coefficient and
the segment becomes a straight line. This program also computes X
and Y coordinate values by the use of the coefficients.  These corn-
puted X and Y values can be plotted and compared to the original curve
segment. If care is taken in selecting the original points used to

- 
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compute the A , B, and C coeff ic ients , the computed curves will closely
approximate the origina l curves.

b. Gravi ty drain rating curves. An example of the type of gravity
drain curves used in the program is shown on Plate 3. Each set of
these rating curves consists of two distinct parts : the free-flow
rating curve and a series of restr icted-flow curves. The free-flow
rating curve is used when the river is low and does not impede gravity
drain outflow. The restricted-flow rating curves are used when the
river is affecting the discharge through the drain. The latter curve
must be developed for each foot of river elevation , starting one foot
above the gravity drain landside invert and continue in one-foot incre-
ments to the top of the drain. Along with the gravity drain rating
curve inputted in equation form, several other variables for the gravity
drain are required. Plate 4 is a schematic cross section of a typical
pump station location , showing some of the variables. One of these
value8, affecting the use of the gravity drains , is the river control
elevation. This elevation is the point at which the gravity drain is
considered , closed , irregardless of the landside ponding elevation.
The river control elevation is selected by assuming that access to the
closure structure would be practidatly impossible when the river exceeded
this value. When the river elevation is below this value , the gravity
drain is assumed to be open when there is a sufficient head differential
between the landside ponding elevation and the river elevation. Dis-
charge through the gravity outlet can therefore be achieved even during
high river stages. The head differential is determined for each pump
station location and is provided in the control parameter deck.

c. Ditch rating curve. The inputted capacity of the ditch l eadi ng
to the proposed pump station location generally equals or exceeds the
capacity of the gravity drain. If the capacity of the ditch is less
than the combined capacity of the gravi ty dra in  and pump station , the
flow is retarded and this prevents the system from operating at full
capacity.  The program can be used to determine the required di tch  size
by equating ditch capacity to the optimum pump and gravity drain cape-
cities.

d. Routing~ procedure. The routing procedure is somewhat different
in its approach. A schematic diagram of the method is shown on Plate 5.
The program begins the routing procedure by setting the end of the day
storage (E .D . S .)  equal to the beginning da y storage (B.D .S .)  of the
next day . The inf low is then added to the B .D .S. to give the maximum
storage. An average storage value (between B .D.S.  and maximum storage)
is used to initially compute the outflow. This outflow value is thebi
subtracted from the B .D.S.,  giving a minimum storage. The maximum
and minimum storages are averaged and this half storage value is then
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averaged with the E.D.S. to find a value to recompute a mean daily out-
flow. This outflow is subtracted from the original B.D.S. resulting
in a new E.D.S. If the half storage and the E.D .S . are equal , or within
a toleranc e set for each specific area , the E.D.S. is accepted as good
and the routing proceeds to the next day. If the half storage and the
E. D .S. a re not equal , the maximum storage or minimum storage is revised .
When the h a l f  storage is larger than the E.D.S. ,  the half storage becomes
the new maximum storage and a new half storage value is determined at
the beg innii*g of the next cycle. However , if th. half storage is smaller
than the E.D.S., the half storage becomes the new miuimum storage and a
new half storage value is determined at the beg inning of the next cycle.

e. Pumping. Pumping can occur with or without gravity dra in f l ow
during the routing study. When pumping , a start pump elevation must
be supplied. The full capacity of the pump station is assumed to be
in operation when this elevation is reached . A pump efficiency curve
must also be provided for the dail y routing . h i s  curve is used to
compute the actua l capacity of the pump station operating under various
head conditions . The curve reflects a reduction in pump capacity due
to the increase in static head measu~ d from the pondirig elevation to
the river elevation . The curve must stax t with 1.0 (100-percent capa-
city) at zero head. An example of th is curve is shown on Plate 6.

f. Overflow into subareas. In the St. Louis District , many of
the subarea drainage divides in the flood plain are so low tha t  they
will pond only a limited volume of water before overflow into an adja-
cent subarea occurs. In general , this condition is prevalent only
during prolonged periods of blocked drainage coinciding with severe
rainfall in the area . A rating curve of discharge versus elevation
at the a rea of overflow is developed to account for this occurrence.
An example of this curve is shown on Plate 7. A discharge rating
cu rve , ba sed on open chan n el f low , appea rs to adequately represent
the natura l f low from one subarea into another. The curve can be
developed b y the use of Manning ’s Equation for open channel flow
after determining an approximate cross section of the low swale where
overflow will occur. When this happens , the mean daily values of
overflow are recorded on a separate magnetic tape and are added to the
runoff values for the specific adjacent area during the gravity drain-
pump analysis to provide total runoff inflow.

5. OUTPUT

The ouptut generates a magnet ic  tape and p r in ted  record of al l
f lood data f or each day of gravi ty  f low in the period of record . Con-
ta m ed in the informat ion  are the: year , month , day , rainfall , runoff ,
river stage , river elevation , out f low , and acres flooded . The printed
record is checked for possible errors b y Hyd raulics  personnel.  The
tape is used in the bene f it ana l ysis to compute flood damages with
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and without the various improved facilities . l l i t ’ gr av i  t v drain is
(1 rat  opt I ml zed and • wf th t h i s  cI ra I n I n p 1 ec o • t 1w opt I mum ptimp i ug
station is determined .

~~. SUMNA RY .

The prog rant opera tea on a pen od of rec ord I vpt ’ routIng • mek S ng usc o I
dail y values of i n f l o w , seasonal runofl c oo t  f t c  t en t s , and out  flow over
the ~nt I re period of record . The prog rem wi 11 evaluate up 10 11 Vt ’

c o n d i t i ons o t  gravit y drainage , pumping , d i t c h i n g , end ove r f l o w  into
a d j a c e nt su bareas . The pr ogram uses cu r ve s  i n  c o e f f i  ci ent tonii i n s t e a d
of tables , whit e making computa t ions .  11w adequacy of  e x t  sting grm~’i t v
drains may be checked or new gravi ty  out 1 eta aS  zod . The o p t i m u m  capa-
c i ty  for a pump sta t ion may be determined . An optimum a~stem of both
gravit y and pumping may also he computed . The prç~grrnw is currently
r u n n i n g  on an RCA 301 compti t er nn d re qu l  res about  8 t o 1 .‘ hon rs o I
running time for a period of r ecord of 60 years.
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COMPUTER APPLICkTION ~)R INTERIOR DRA INAGE STUD
IES

ST. LOUIS DISTRI~~

Discussion

Question, Mr. Beard: The program you describe simulates the operation
of a specified interior drainage facility over many years of operation .
Is there a need for optimizing the physical characteri8tiCs and
operation rules of drainage facilities on the basis of costs and
expected damages?

Reply, Mr. Curnutt: The operational costs have not been opt imized up
to the present time in our studies. Only the damage and the
alleviation of damages for different sizes of pumping stations have been
studied. This is not to say that the operational characteristics
could not be used in the optimization studies in the future .

Question, Mr. Burnett: (i) Do you place the pump discharge line through
the levee or over the levee? (2) Do you take any credit for siphon
action through the pump discharge lines? (3) Outflow must be a
small percent of inflow in order for daily routing to be accurate
or else you have inflow which changes very little from day to day .

Reply, Mr. Curnutt: (1) The pump discharge line goes over the top of
the levee in almost all cases. (2) No. None at all. (3) The outflow
on any day can vary greatly. It can vary from the total capacity
of the station and gravity drain to acme percentage of the pump
capacity. It could also equal zero. The amount of accuracy that
will be achieved depends on the limit that is set in the program.
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A Backwater Program for the
G.E. 22~ Computer

by

William G. WestaU1

INTRODUCTION

The Computer program to be introduced in this paper is not
original, but is a version of an early Hydrologic Engineering
Center program entitled, “Backwater——Any Cross S.ction”, dated
June 1967 • The modification was made in the St. Paul District
Office of the Army Corps of Engins.rs, and was necessitated by
the replacement of the District’s IBM 11.30 computer (to which
the HEC program had been adapted) with a G.E. 22~ computer.

The program for the G.E. 22~ is limited in its abilities as
compared to the original HEC program or its IBM 1.130 adaptation,
but should be adequat . for the develoiinent of designs which in
general conform to procedure s and criteria outlined in the U.S .
Army Corps of Engineers, Engineering Manual EM 1110-2-1601,
1 July 1970, “Hydraulic Design of Flood Control Channels”.

ABOUT THE PROGR& M

General. There was a need for some editing of the HEC
baokvater program since all aspects of that program could not
reasonably be adapted for use on the G.E. 22g. There is also
disagreement as to how some specific problems should be solved,
and a generalized approach to some of these probl ems, particularly
with re spect to the computati on of bridge losses, can not in all
cases produce satisfactory results. The writer does agree with
the idea of including fle~d.ble general solutions for as many
different problems as possible in technical programs, but until
there is specific criteria which governs the use of certain
generalized mslho4u , users of generalized programs might well, be
advised to be cautious. To avoid the problem altogether the
G.E. 2$ program, therefore, does not contain some of the generalized
routines that are incorporated into the original HEC program.

~Hydrau].io Engineer, St. Paul District
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Size and Form of Program. The G.E. 225 computer, for which
the subject program is written, ha~ an 8000 computer word memory,and the program which is written in FORTRAN II will fit this
machine without the nsed for “chaining” • Chaining i. th. process
by which programs requiring more computer memory than is available
on the G.E. 225 may still be adapted for use. To be more specific,
If a large program is divided into a number of smaller subprograms
or chain, which individually can be handled by the computer, the
chains can then be stored in sequence on tap e and called into the
computer as they are needed. The backwater program as modified
was originally divided into four chains. Th. chains were then
combined into one main program and five subroutines. The form
is shown in Plate 1.

Method of Computation. The G.E. 225 program will compute
water surface profiles for both subcritical and superaritical
flow in either prismatic or irregular channels. Th. method of
computation has not been changed from that in the original HEC
program, and ii similar to Method 1, as presented in the U.S.
Army Corps of Engineers, Engineering Manual EM 1ll0-2-11i09,
7 December 1959, “Backwater Curves in River Channels”. The
method of computation varies from Method 1 in that reach lengths
between cross sections f or overbank and channel flow need not be
the same, shock loss due to expansion or contraction between
sections is considered, and an attempt is mad. to compute the
“true” velocity head at each secti on by considering Corioli ’s
coefficient . A sample computation which would most closely
represent the method of computation used by the computer program
is shown in Plate 2.

Methods of Beginning. Theze are three methods by which a
user may tell the computer what water surface elevation to use
for beginning the backwater computation. The methods are the
same as in the original program and are :

1. A known or estimated water surface e] vat: on is provided
by the user.

2. The water surface elevation is established by the computer
using a slope—area method which requires a slope and an initial
estimate of the water surface to be provided.

3. Critical energy will be computed and the corresponding
water surface elevation will be used. An initial estimate of the
water surface elevation should be provided.

A discharge and Manning’s “n” values to be used for the first
cross section must also be given to the computer,

2 Paper 5
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Allowable Error. The allowable error of closure, which stop.
the iterations when computing backwater, must also be given to the
computer before computations can proceed. When computing water
surface elevation s for subcritical flow with either the G.E . 225
or NEC program, allowable errors of .001 and .0001 appear to have
little effect on the profi le obtained as compared to the profi le
obtained using allowable errors of .05 or 0.1. The number of
iterations is not significantly increased, however, when using
the very- small allowable errors. When computing profiles for
supercritical flow, an allowable error of .001 to .0001 ii
desirable , particularly for very steep channels, because
substan tial error can be generated into the profile if large
allowable errors are used. (See Ref. No. 6)

Abilities Retained. Most of the abilities of the NEC Program
which apply directly to the backwatering process have been retained
in the subject program. The speci fi c items are listed and described
briefly below and should be familiar to users of NEC programs.

1, If ice conditions are anticipated, wetted perimeter
equal to the top width of the flow area will be added and included
in the computation of the hydraulic radius. This procedure is
an initialization process, however, and cannot be changed from
section to section.

2 • The computer will add So feet to the end elevations
of each cross section unless another amount is specified. This
process is also one of the initialization steps , and cannot be
changed for each cross section.

3. Tables of “n” values can be established f o r  each and
every section which can be used to describe multiple roughness
characteristics in the overbanks . The table Is applicable only
to the overbanke and not to the channel. The channel roughness
can, however, be changed for each section,

Ii. Discharge changes can be made between sections to
account for changes In flow due to decreasing or increasing
tributary area.

5. The shook lose coefficients for expansion and contracti on
can be changed from section to section .

6. The computer will correct for ineffective area in the
overbanks if desired. This step is not automatic but must be
indicated for each section where the correction is to be made ,

7. The computer will calculate the critical water surface
elevation, and provide a check to insure that the water surface
elevation computed during backwater operations reinair~ on the
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proper side of critical. Crit~- ---a]. depth will be assumed when
the computed water surface elevation is on the wrong side of
critical, By an initialization step cri tical depth may be computed
for all cross sections, but if desired critical depth may- be
computed only for specifically selected sections, The G.E. 225
program varies slight ly from the NEC program in that critical depth
will not be automatically assumed if computational problems are
encountered by the computer, but will stop computing at the point
of difficulty and print the appropriate note . This variation
applies prIncIpa~1y when the number or iterations for balancing
the water surface elevation exceeds 20 iterations,

Estimating the Wate r Surface Elev2tion for the Next Section.
There are two mehtods for estimating the water surface elevation
for the next section. The first method is the one used by- the NEC
program, and is good for channels that have regular bottom slor~es.
Thi s method takes the depth calculated for the previous section,
adds it to the bottom elevation of the next section, and uses the
resulting water surface elevation as the first estimate to begin
the iteration process. There may be problems encountered with
this method if the channel bottom is Irregular and the elevations
for the profile to be computed are near critical for each cross
section ,

The second method available on the G.E. 225 program is not
- 

- 

available on the NEC program and is considered by the writer to
be an improvement over the first method discussed. The second
method uses the slope of the water surface profile computed
between the previous two sections for estimating the water surface
elevation for the next section . This method is particularly good
for computing profiles which start by critical depth and stay
close to critical throughout the channel reach for which the profile
is to be computed. The second secti on must by necessity be very close
to the first secti on when starting by critical depth. The depth
method must be used for the first estimate of the water surface for
the second section because no water surface slope has been established
until the water surface elevation of the second section has been
computed. Once the water surface slope has been conmuted, however,
succeeding first estimates are guaranteed to be on the proper side
of critical by the very nature of water surface profiles which
began at critical depth. This fact is t rue for both subcritical
and supercritical flow. Computational problems involving the critical
depth check or the inability to balance th rough the iteration process
can be more easily overcome if the slope method is used since the
insertion of intermediate sections often solves the problem.

Bridge Routines. The following bridge routines are available

4 in the G.E. 225 program:

1, Losses for class A & B flow can be calculated by the Yarriell
Energy Method. Class C flow cannot be handled.

2. Upstream and downstream surface elevations can be calculated
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for orfico type flow .

3. Normal backwate r can be used for flows below the low
chord af the bridge.

L~. A loss computed or estimated I ndependently by the user
may be added into the profile at the bridge section without the
need for stopping the computation.

There is no provision for considering weir flow at a bridge,
however, for flows below the low chord of the bri dge normal
backwater procedures ( which correspond to the normal bri dge
routine in the NEC program) may be used to estimate the water
surface pro file through the bridge and over the approach roads.
In the writer’s opinion , assuming that weir flow exists at every
approach road embankment wh.n the upstream water sur face eleva t ion
is above the roadway elevation is a generalization which cannot
always be trusted . The flow situati on around and through a bridge
is not a simple two dimensional phenomena , especially in cases
where the approach road is overtopped some t1 stance from the
bridge. If the roadway embankment acting as a vol r can discharge
by a substantial amount more flow than can be carried by the
overbank or than can be supplied to the overbank by the channel,
than the effect of the road embankment is something other than
that of ~ welr .

One approach to the problem would be to subtract the overbank
flow from the total flow and compute the loss as that which the
bridge structure effects on the channel flow alone . The wri ter
does acknowledge that weir flow may exist in cases where over-
topping of the road occurs close to the channel or at the bri dge,
but more criteria is needed before the concept should be app lied
in all cases.

Other Modifications. The NEC program has the abi li ty to
I nterpolate Intermediate cross sections when the change In velocity
head between given sections exceeds a specified amount . To include
this abi li ty in the G.E. 225 program was unreasonable , but notes
indicating the need for additional sections are printed for
informational value to the user,

There is an error routine for the sub.lect program that prints
error messages which are more complete than the notes printed by
the NEC program. The output forma t has also been changed in the
program and a sample is shown in Plate

SUMMART

The program for the G.E . 22~ as presented should be rathe r
useful in offices where access to very large oomputere is limited.
As written, the program should be easy to modi fy to other computer,.
simi lar in size to the G.E . 225. The form of the program should
i nspi re nume rous ideas for routines which can be added to expand

-- 

Paper S



the program~s capabilities. Three of the subroutines can be made
into separate chains without any significant increase in the r~.m
time. The subroutines START, ABRID, and AERR are self contained
and calculate or print what is desired of them without cycling
back and forth to the main program. When these routines ar e
made into chains, considerable memory space is availab le for
adding routines which solve other problems that are relative
to the computation of water surface profiles.
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A BAC!~iATER PROGRAM FOR THE GE-225 COMPUTER

Discussion

Comment, Mr. Fredrich: The types of discrepancies being discussed are
not what would be considered programming errors and therefore would
not be detected by a detailed examination of the coding. The
discrepancies are due to assumptions and criteria inherent in the
method that are not consistent with the physical conditions obtained
in the particular application at hand. These discrepancies are only
dis covered by a somewhat comprehensive and detailed understanding of
both the program logic and the problem itself.

Reply, Mr. Westall: Many of the problems encountered which are of the
type mentioned above were corrected by eliminating or limiting the
particular option in which the problem was encountered. The bridge
routines and interpolated section routine are examples. A detailed
and comprehensive study of the original HEC program was felt to be
outside the scope of’ the intended purpose of the modification. The
intended purpose was to provide a program which would handle most of
our design problems and not to provide comprehensive corrections to
the HEC program.

Question, Mr. Curnut t: What is the approximate running time per cross-
section in this program?

Reply, Mr. Westall: The run time per cross section is dependent upon
the number of points in the cross section and the options used at
the cross section. The run time will vary from 5 seconds per section
in a simple prismatic channel to 11.0 seconds per section in a natural
channel with complex sections . The average run time would generally

I: be about 15 to 20 seconds per section.

Question, Mr. Eichert: How much development time and money were required
to convert the HEC backwater program frcin use on the IBM 1130 to
the GE 225?

Reply, Mr. Westall: To develop a program that would compute the
water surface profile took about 3 weeks. This development was done
by two GS-ll’s working mostly on overtime (which is cheaper than
regular t ime). The rest of the development was done partly in
conjunction with actual design projects but mostly in connection
with this paper which cost the government little except in the way
of computer time and the t ime associated with the monitoring of
the output. The exact cost is unknown since it was spread out in
different overhead items.
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Question, Mr. Eichert: Why didn ’t the District rent computer time to
use the HEC backwater program instead of modifying it to be used
on the GE 225?

Reply, Mr. Westall: The general feeling was that the District should
develop the ability to utilize its own equipment in all phases of its
mission and that the ability should be devioped as quickly as possible.
Small amounts of t ime were rented on an IBM 1130 to be utilized when
absolutely necessary and to allow for time to make the necessary
modifications in existing programs. Although HEC-2 was available
on the University of Minnesota ’s CDC 6600, no one in the District
had actually used HEC-2. The users of the IBM 1130 backwater program
felt that there was a certain amount of mystery associated with the
program they had and that to proceed to a larger more complicated
program would add to their design problems rather than alleviate them.

Comment, Mr. Matthews: Time spent in modifying the HEC program could have
been decreased by consulting with HEC when problems appeared . Tests
should be run at difficult points.

Reply, Mr. Westall: The HEC program was documented fairly well in that
the variable names and the variable functions in the program were well
defined. The modification was actually fa irly easy and no large
problems were encountered . The 1~rdrologic Engineering Center would
have been consulted if problems which we could not understand did
appear.

The program was tested initially with the test data given in the HEC
documentation of the original program. Testing was completed by
running actual design problems which had been done originally on the
IBM 1130. Since the testing period, four large designs ha ve been
completed using the program and no problems with the program were
encountered.

Comment, Mr. Fredrich: I don ’t think that what you have described as
your ignorance should rightfully be called ignorance . The problems
you described are the problems one might anticipate any technically
competent user to encounter in using a generalized program with
which he is only generally familiar. Until perfect documentation
is developed, we must depend on the users ’ experience for evaluation
of the validity of results and to determine how to use the program
to obtain the required results.

Reply, Mr. Westall: When I said that most of our problems with the
original HEC program stemmed from our own ignorance I was referring
primarily to the details of the method of computation and the program
logic within the program rather than to technical competence . However,
lack of technical competence may have played a part in some cases.
Remaining technically competent is rather difficult when using a

2
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computer program in lieu of hand computations because gaining “the
feeling” for a problem is more difficult and may be completely lost
in the pressing need to get out the report.

Comment, Mr. Eichert: The KEC does offer training in the use of our
generalized computer programs . We offer this training in our formal
training courses and in special courses given at the request of the
District offices and in individual training assignments to the Center
which are also requested by the District offices.

Reply, Mr. Westall: When the Districts have developed their computer
capabilities more fully , formal and individual training would be
needed . At the present , however , all the training could not necessarily
be put to immediate use , and could become stale before it is used.

Comment, Mr. Peters: I’d like to ask ~~ny Thomas to pursue his comments
with regard to making use of someone else’s computer program . Tony,
what would you do to convince yourself that a program does or does not
meet your needs and is doing what it’s supposed to do?

Reply, Mr. Thomas: From the program abstract and documentation , assuming that
hardware and software requirements can be satisfied, one can judge whether
or not the program merits more detailed consideration.

My next step is to investigate the type and amount of input data required .
If my problem can be described without excessive simplification, the
investigation is shifted to the computat ion algorithms . It is not
sufficient to rely upon theory formulated in the program docume nt when
numer ical integration , differentiation and interpolation techniques are
involved . Understanding how the FORTRAN logic handles these techniques is
important . Occas ionally the basic theory can be modified to incorporate
the desired capability.

Test problems that accompany the program are processed , but also new
test problems are formulated. These are simple and small in scope, but
are designed to test extreme events. Variables defined by input data
are set to zero or to a very large value for some cases . Problems for which
solutions are available are analyzed. It is important for the user to
develop confidence so that he can tell when the program is not performing
properly.

3



HYDRAULIC TRANSIENTS IN THE WA SYSTEM
OF RIVERS MID RESERVOIRS

1James T. Price

INTRODUCTION

The operation of the water control and hydro power generating
facilities of the TVA system causes a continuously varying movement of
the waters in the separate reservoirs and. connecting river links which
make up this system. Research efforts over the past several years have
led. to the development of a computer solved mathematical model which
accurately describes this movement of the water in a reservoir or river
link as it responds to the multipurpose operations of the facilities
bounding the reservoir or river link. These water release operations m~y
be as sudden as the near instantaneous come-on and shutdown of the turbines
during power peaking or as gradual as the passage of floodwaters through
the control structures or any combination thereof.

This paper describes the application of a computerized, mathemat-
ical mode). to a variety of complex transient flow problems associated, with
the TVA system of rivers and reservoirs.

The Mathematical Model

The mathematical model for unstead~y flows in open channels is
one dimensional in that it considers flow characteristics such as depth
ar~ velocity to vary only in the longitudinal (x) direction and. with time.
The channel geometry is three-dimensional. The two equations of one
dimensional unsteady flow , the continuity equation and. the equation of
motion are:

_ _ _ _ _  
~~~ ~~I-l —

ax + U 9t 
— (1)

0 - (2)

1. Hydraulic Specialist and. Head , Unsteady Flow Staf f , Flood Control
Branch, WA, Knoxville, Tennessee.
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Where A is flow area, B is surface width, V is velocity, x is
distance, H is water surface elevation, t is time , q is lateral inflow per
unit distance and time, g is the gravity constant, n is Mannings coeffi-
cient, and RH is the hydraulic radius. WA is using a centered difference
net (i)* to solve equations 1 and 2. This net is stable and convergent
if the following relation is satisfied. (2)

(v ~~~ 
~~~~~ 

) 
~~~~~~~ 

~~~~ 
— 

~~~~ 
Lit (3)

in which t~ t and. A x are the computational net dimensions. Off-channel
storage is accounted. for by adjusting the width B in the equation of
continuity to give the correct volume of the water body at a particular
elevation. Stage, flow, or rating curve boundary conditions , local inflows,
variable roughness along the channel, and actual channel geometry can be
used. Steady or transient flows and stages along the channel may be given
for initial conditions. The computer output from the solution of the
mathematical model may be obtained in either tabular or graphical form,
for any set of desired locations and times. An IBM system 360, model 50,
or an equivalent system , is required to accommodate the program used by
WA.

Model Verification

The validity of mathematical modeling rests upon the ability of
the model to reproduce, within a study reach, actual transient conditions
which have occurred in response to known t ime varying boundary conditions
of stage and/or discharge or velocity. For a controlled river such as
the Tennessee these model verification data are readily available from
the records required for the daily multipurpose operations of’ the system.
These necessary data may also be obtained by special field tests.

That the model accurately reflects the water behavior in response
to the operations involved, is illustrated by the following examples.

Browns Ferry Nuclear Generating Plant Study--This plant is
located on Wheeler Reservoir in which transient flow conditions continuously
occur because of the intermittent hydropower operations of the turbines
located at the upstream and downstream boundaries of the reservoir. Water
required for condenser cooling purposes at the Browns Ferry Plant will be

*Nnmbers in parentheses refer to references on page 6.
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withdrawn from and returned with an elevated temperature to this reservoir
in which flow conditions are continuously changing. These cooling water
facilities must therefore be so designed as to meet the established water
quality standards for the area and to prevent recirculation of these
heated waters back through the cooling system. Consequently, a thorough
knowledge of Wheeler Reservoir transient flow conditions was one basic
need to the effective design of these cooling water facilities. Plate 1
illustrates the excellent model verification achieved in this study
(3, t~, 5)  using field measurements of continuously varying velocity and
stage measured at the Browns Ferry site.

Sequoyah Nuclear Plant St-~~~~ -Design of the cooling waterfacilit ies for this plant again dictated that the transient water
behavior in response to the intermittent turbine operations of the
upstream and downstream dams be understood. This study (5) is cited
because the model verification was achieved using field velocity data
taken from a specially arranged steady flow field test. Plate 2 shows
the excellent agreement between computed and observed quantities both at
the site and at several other locations within Chicka.mauga Reservoir.

Cumberland River Stud,y--This study (1k , 5),a joint effort among
TVA, Corps of Engineers , and USGS , was designed to shed some light on
how power peaking releases from Barkley Dam during low stages on the
Ohio River affected navigation conditions in the narrow, winding Cumberland
River. Plate 3 compares the computed and observed stages at selected
stations along the Cumberland. Again the agreement is excellent. The
sensitivity of the model is seen by noting the small blips on the stage
some 11 miles downstream from Barkley Dam. These were caused by locking
operations made during these turbine releases. Observed upper depth
navigation channel velocities are compared with the mean channel velocity
(s/A) on Plate 4.

Kentucky-Barkley Canal Study--TVA ’s Kentucky and the Corps of
Engineers’ Barkley Lakes are linked together by an uncontrolled navigation
canal. The magnitude and direction of the flow in this canal is deter-
mined by the head difference which exists between the canal ends. Because
both these lakes are subject to intermittent power operations, this head
difference, though small, is continuously varying. Consequently, there
is a continuous flow interchange between these two water bodies. Plate 5
(14, 5) illustrates the use of the model to determine car al discharge using
the stage at the canal ends as boundary conditions. This figure also
contrasts two field discharge measurements with model results. One
measurement is good, the other poor.
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Model Applications

The foregoing examples have been presented to illustrate that
the model will indeed reproduce known historical transient flow events.
Because of this, it can now be used with faith to predict transient flow
conditions which will occur for nearly all other types of anticipated
operations or conditions.

Guntersville Reservoir: Maximum Possible Flood--Nuclear plant
siting studies and licensing procedures require that extreme flood
elevations be determined at the plant sites. Plate 6 shows the
elevations and discharges which will occur in Guntersville Reservoir at
several possible site locations during the passage of this extreme flood.
Also shown is the effect of an assumed sudden failure of the dam at the
upstream reservoir boundary coupled with the passage of this flood.

Raccoon Mountain Pumped Storage Study- -TVA is constructing a
pumped storage generating station on Nickajack Reservoir. Water will be
released into the reservoir during generation and withdrawn from the
reservoir during pumping operations. Plate 7 ( 14 ) illustrates schematically
these releases and. withdrawals to and from the reservoir. These effects
needed. to be evaluated in order to assess how these operations might
affect navigation past the location of the intake-outlet structure. In
order to adequately design the intake-outlet structure, hydraulic model
studies are being made to assure proper structure performance. The
mathematical model was used to predict the overall reservoir transients
which will result from the operation of the turbines at the upstream and
downstream boundaries of’ Nickajack Reservoir coupled with the operation
of the Raccoon Mountain station. Plate 8 shows these transients at
selected locations. In order to properly operate the hydraulic model
which extends approximately 1/2 mile above and below the intake-outlet
structure, transient flow conditions must be known at the hydraulic model
boundaries. To accomplish this, the reservoir mathematical model was
used to give transient boundary conditions for still another mathematical
model extending some 14 miles on either side of’ the intake-outlet structure.
This 8-mile long mathematical model used finely divided ~ x spacing to
yield the transients which will occur at the boundaries of the hydraulic
model. Plate 9 illustrates the results obtained using this secondary
modal.

Model Input Separation Technique--Plate 10 shows for the
Sequoyah Nuclear Plant study the transient flow conditions which occurred
at the plant site in response to the actual turbine operations at the
upstream and downstream boundaries of the reservoir. Plate 10 also shows
the transients caused by assuming respectively, only downstream boundary
turbines operating, only upstream boundary turbines operating, and local
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inflow alone. These “separately” caused transients are then a&ied
algebraically and compared to the real case in which these transients
occur simultaneously. While not precisely correct, this technique does
permit identifying these separat ed operations with the effect each
produces at any point along the water course. Thus, the additive
characteristics of these translatory waves may be exploited to arithme-
tically or graphically approximate a composite transient behavior. This
suggests that by simple phase-shifting a wide variety of operations can
be investigated coarsely from a few computer nina.

Conclusions

Once verif ied, the model may be used with complete confidence
to predict transient flow behavior for a variety of complex unsteady
flow behavior. The model thus becomes an invaluable water management
tool. With the continued and increased, emphasis being placed on
maintaining and improving our water resources through better water
quantity and quality management practices, the ability to trace transient
water behavior becomes the key for attacking the more complex problems
of water transport. It is these continuously moving waters which
transport life-sustaining dissolved oxygen, the heated effluent from
nuclear and conventional generating plants, and. pollutants of all types
from industrial and municipal sources. Such a mathematical model is the
only method available which provides the detailed spatial and temporal
data on water movement necessary to attack the more complex environmental
problems relating to th~ water transport of dissolved oxygen, heat from
thermal sources , etc.

Paper 6
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HYDRAULIC TRANSIENTS IN THE TVA SYST~ 1
OP RIVERS AND RESERVOIRS

Dl. scussion

Question, Mr. Matthews: Are projections of flows below Barkely Darn
on the Ci~~berland available?

Reply, Mr. Price: Results of the computer studies were sent by TVA to
the Nashville District. What has been done as a result of this
study is unknown to me. There u~ay have been further analysis of
the data and problem by the Nashville District but I do not know
this.
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AG1~ tENT OF co~u’u’rER USE IN SOLVL~G ~NGINEERfl]C PROBLEMS

~3y

1Augustine .1. Fredrich

INT~.ODUCT ION

Telling an engineer who uses the computer that ~he will like using
the computer when he learns how t ’ may seem ridiculous , but so does telling
a baseball player who just hi t  a home run that he will like playing base-
ball when he learns to hit.  And yet there are many baseball fans who will
agree that there is more to being a great baseball player than just hitting
home runs. Similarly , effective computer use for engineering requires much
more tuan simply writing programs, preparing data and reviewing output.

~‘hen computers were in their infancy and engineering applications
consisted primarily of computerization of standard manual techniques, there
was not too much need for engineers to be concerned with managing computer
studies. Since the engineer was relatively familiar with the computational
techniques employed in computer solutions and since, by present standards ,
the computers were not too fast or too efficient , there was little concern
that computer use might get out—of—hand. Throughput time for studies accom—
plished by computers was not enoug i faster than the time required for manual
studies for a competent engineer to be concerned about his ability to control
the overall study . However, just as the parent must become more vigilant
as an infant progresses from crawling to walking, engineers have had to
learn to exercise more control over technical studies as computer capability
increases and computational techniques become more complex.

The use of computers in engineering has now advanced to the point
that managing the use of the computer in solving an engineering problem
may be more important than the development of the solution technique. The
availability of larger and faster computers and the expansion of technical
knowledge have challenged engineers to develop solutions to problems that
heretofore were unsolvable. Even in technical areas where traditional
solution techniques were thought to be adequate, computerization of these
solutions has, in many cases, added new dimensions to the problems and
their solutions.

Although the cost per unit of work accomplished usually decreases as
the speed and size of the computer is increased , the capability for more
extensive and improved analyses that arc a natural result of the larger
and faster computers can result in a higher overall computer cost if the
overall study is not carefully managed. Furthermore , newly developed

1Chief , Research Bran ch , The Hydrologic Fhigineering Center, 609 Second
Street , Davis, California 95616
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analytical capabilities in many technical areas are causing increased
competition for computer access during ‘prime—shift ’ time and increasing
competition for available funds for technical studies. Unless the computer
is used effectively in hydrologic engineering (or any other f ield)  the
relative value of the computer will diminish as far as that technical
subject is concerned. In fact, since the expenditure of funds on computers
is not tightly constrained by either time or manpower , as was the case In
preco’nputer days, the computer can become a liability——ravenously consuming
the available study funds without producing the needed results.

having considered the potential adverse effects of poorly managed
computer use it is obvious that it is worthwhile to develop principles
of engineering management that can be applied by engineers and engineer—
managers to insure that the computer is used in such a way that it is an
asset to any given study . These principles must be developed and app lied
in such a manner that they provide effective and efficient control over
computer analyses without unduly restricting creative applications.

MANAGING COMPUTi~ P&.~GRAi-1 DEVELOPMENT

An engineer, given a problem to solve and given the availability of
a computer , must make one of three decisions: use manually—oriented
solution techniques ; use the computer with an available program , modified
if necessary ; or use the computer with a program developed for the problem
at hand . Frequently , neither of the latter decisions could be justified
for any particular problem, on the basis of either economy , manpower utili-
zation, time savings, or improvement of results. Unless the problem is
exceptionally large and/or complex or unless a well—documented program is
readily available for use with little or no modification , there are ord inarily
manual computation techniques that will provide acceptab le, if not fully
adequa te , solutions . Furthermore , the manual solution can often be obtained
at a lower cost and in a saorter time than the initial computer solution
can be obtained .

At f irst glance it would appear, then, that there are only a few
opportunities for an engineer to develop and use computer solutions in
his routine work. However, this appearance is deceptive because the
engineering environment does not normally consist of single tasks done
once and never repeated , so the use of the computer should not be viewed
in the context of solving a single problem once. Instead , computers are
used in engineering to repeatedly obtain solutions to problems in which
the basic principles and computations are invariant but subject to wide
variations in assumptions , criteria , engineering judgement and data
availability . Consequently , the decision to develop a computer program
or make major modifications to an available program represents an investment
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of current time, manpower and funds into an implement which will yield
savings in all of the inputs at some future time, with the realization
that the investment probably costs more than its value for any single
application. As previously noted , there are exceptions such as the
development of programs for one—time use on extremely large or extremely
complex problems , or on problems involving analyses or processing of very
large quantities of data that are readily available in a usable form.

If the foregoing statements are valid — and experience indicates
that they are in many technical areas — the value of a program for
engineering uses can be measured by its utility as reflected by repeated
applications in the specific problem area. In many cases the applications
of a given program will not always be exactly the same for various problems.
From application to application the problem may vary with respect to data
availability , number and type of assumptions, output requirements, and
even study objectives. And yet, if properly developed, a single program
can be used through an extensive range of problem variations without
major modification. As one might expect, this flexibility is not an
intrinsic characteristic of all programs. It must be deliberately built
into a program, and it is done so at considerable cost in time, money, and
engineering talent. However, if properly done, this investment will be
recoumed many times over through repeated applications of the program at
little or no additional cost.

The development of flexible or generalized (as they will be called
herein) programs can be subdivided into six basic tasks——all of which
must be accomplished within two overall guiding principles. The six
basic tasks are: (1) evaluate the output needs (What information must
the program produce for the engineer to complete the problem solution?);
(2) consider the available data (Wh at data can be expected to be available
for use in solving the problem?); (3) evaluate alternative computation
techniques (What computation technique is best for producing the needed
information given the available data?); (4) conceptualize the program
framework (How will the program logic be organized to perform the
required computations in an efficient manner, in the desired sequence,
and in such a way as to facilitate possible future modifications?);
(5) develop detailed computational and data manipulation algorithms (What
programming must be used to transform the engineering logic into a program?);
and (6) test and verify program logic (Does the program perform the required
computations properly?). The two guiding principles that must encompass
the entire program development are: the program and the programming
effort must be directed toward solution of the basic engineering problem ,
and the program capabilities mus t be thoroughly documented if the program
is to be of maximum value. Figure 1 depicts the relationship between
problem orientation, program documentation and the steps involved in
program development. Effective management of the development of a generalized
program or, to a lesser extent, a special purpose program requires familiarity
with each of the steps and their supporting rationale.
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As indicated ir~ figure 1, the necessity for continually considering
the nature of the engineering problem must underlie the entire effort.
It is all too easy to become lost in ~he details of the programming effort
with a resultant loss o awareness of the engineering objectives. Losing
sight of the engineering problems at any point in the program development
can result in the program becoming an end unto itself rather than a means
of accon:plishing an engineering task.

Development of a generalized program should not be relegated to just
whomever happens to be available. The task is usually a major undertaking
that should be assigned to a highly competent engineer—programmer who is
thoroughly familiar with the basic problem and capable of anticipating
the possible variations in the problem so that provisions for treating
the variations can be incorporated into the program . Failure to identify
and provide for common variations in the problem at this stage can signi-
ficantly increase the effort required for future modifications——even to
the extent that modification is not justified for some relatively common
applications.

The second consideration that should underlie the entire program
development effort is the need for documenting the program capability.
Too frequently , engineers attempt to make program documentation a seventh
step that is initiated after the program has been tested and verified .
Since the elapsed time between inception of the program and its completion
can be relatively long, important facts can be omitted from the documentation
if it is not carried along concurrently with the program development. Further-
more, since all users other than the original authors must rely on the
documentation to explain the program ’s capabilities , it is imperative that
the documentation be complete if the benefits of repeated applications over
a relatively long period of time are to be attained .

The documentation mus t contain information for  both the eng ineer—user
(who may or may not be a programmer) and the engineer—programmer . The
information for the engineer-user should consist of an explanation of the
engineering problem that can be solved by using the pro~;ram , a description
of the computation techniques used in the program (with references to
appropr iate textbooks or manuals , if necessary ) , Illustrative examp les
which demons t rate the p rogram ’s capabil i ty  and which include a sample
input and ou tput , and detailed instructions on prepa ration of input fo r
the program. The engineer—programmer ’s interest in the documentation
will be somewhat different  from the engineer—user ’s inte rest because the
engineer—programmer will ordinarily be concerned with modifying the
program. Consequently, for his purposes the documentation should contain
relatively detailed information on the program logic , program structure ,
and hardware and software requirements .

Unfortunately , there are not many well—documented engineering programs
available , even after more than fifteen years of fairly widespread computer
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use. This can be a t t r i b u t e d  in a lnr i ~e pa rt to the fac t  that  most
eng ineering organizat ions  are production oriented , and p rogram docu—
mentation detracts from immediate production. However , immeasurable
dup lication of effort and lost value in available but unusable programs
have resulted from this lack of documentation , and engineer—managers
can no longer a f f o r d  to ignore the need for  th orough documentation .

~ith  the unders tanding that program development shou ld  take p lace
In an environment tha t  emphasizes problem or ien ta t ion  and thorough docu-
mentat ion , some elaborat ion on each of the six steps in program development
is wa rranted . I t  Is obvious tha t  the output  requirements for  the program
are a fundamenta l  considera t ion .  In prescribing the output  requirements
the engineer must  consider the in format ion  normal ly  available f rom manual ly-
o r i ented  solution techniques as well  as add i t iona l  usefu l  Information
wh ich m ight  be de rived from the computer ized solut ion . The engineer—
programmer should he encouraged to study t he problem from many viewpoints——
at t e m p t ing to i d e n t i f y  as many impor tan t  elements of the problem and the
solution as possible . All  too f requen t ly  we tend to l imi t  our consideration
of the solution to what we have been accustomed to obtaining from traditiona l
solution techniques tha t may have been constrained by the necessity for
uand calculations .

As an integral  part  of the consideration of ou tput  requirements  the
engi neer—programmer should also consider var ia t ions  of the basic problem
tha t  are both more general and more spec i f i c  th an the probl em at  hand .
Si nce the output  requirements o f t en  vary considerably  w i t h  ch anges in
st udy objec t ives , the conside rat ion of various scopes of the basic problem
gives addi t io nal insight into the nature  of t u e  output .  nee(kd . th e types
of data that  might be available as input and t h e  types of ce’~p ut at i o n
methods tha t  might  be s a t i s f a c t o ry . In considering the wide range of
pot ent ia l  outpu t  requirements  it  is impor t an t  to recogni ze  that the computer
ca n easily generate more ou tpu t  data and i n fo rm a t ion  them au engineer can
c i f e c t i ve l y  use , unless the p rogram mer c a r e f u l l y  selec ts  only t~iosc o u t p u t
i t ems  t h at  arc a c t u a l ly  impor tan t  to the prob ler r i  s o l ut l o u . hcncver possible
the use r should he p e r m i t t e d  to e~w rcise selec t ive  cu ’ t r o l  (by  t hp u t )  over
tac ou t pu t  so that  he c a l  obta in  only the o u t p u t  t~ ia t  i .~ u s e f u l  and pe r t i n e n t
to hi ts p a r t i c u l ar  p rob le t i .

A tinal consideration with respect to output requirements  is that
the computer output will occupy the sane place in engineering files as
the man ual computat ions  did in the pas t .  Consequent ly , t h e  euutp ut itselt
should uc des i gned so that  f u t u r e  r e fe r ra l s  to the docuu i ’ent ire is in ( lc—
p eudent of k nowled~;e of t h e program as possible. i e  .icco~up l Ish th i s  the
eng i n eer-pro gr armi er  must  organize the output  i n fo rm a t ion  so tha t  it is
~icl1 exp lana to ry  to an en~;inee r fami l ia r  with the t echn ica l  sub lect  . hiuc
output form at  sh ould contain coinrion technical  t e rmin o lo~ v .uad .ib b r i~ ist  ions
r a toer  th an  pro grammer --generated v ar i ab l e  names , and the format lI’l t a t . lo :iy
Impo sed by f i l i ng  and reproduction should also be con sider~ d , I f  possible .
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Analyses and summaries of the output data , usually considered to be a
separate operation in manual computations , can often be incorporated
into the program and will then become an integral part of the prograri
output .

The second step in program development , consideration of available
input , is also essential in the development of gene ralized procrams .
Since data availability varies considerably from problem to problem——
even without the variations caused by changes in the scope of a study——
it is necessary to make provisions for extremely flexible data input
to insure that the program will be usable. Ideally , the program should
be designed so that it can be used equally well with a minimum amoun t of
data if the study is broad in nature and detailed data are not available,
or with a complete set of data for more detailed studies.

Once the input and output requirements have been established , alter-
native computation techniques can be evaluated with respect to both their
adaptability for computerization and their utility with the required input
and output. Frequently this step is overlooked because the engineer—programmer
decides to computerize an existing manual solution without evaluating
whether the manual solution is really the best possible technique or
whether it is simply the best that could be done manually . The speed
and accuracy of the computer and the Increases in scientific and mathe—
mat ical knowledge during recent years have created new computation method s
for many problems and have made feasible other methods that were known to
exist in the precomputer era, but were not amenable to manual application.
Also , new techniques and new knowledge have expanded our understanding of
many problems and it is often desirable to obtain output data that cannot
be readily obtained from manual methods, even if they are computerized .

before attempting extensive coding of the program logic it is desirable
to conceptualize the program framework. This can be done mentally if the
program is relatively small, but it is usually necessary to develop some
type of flow chart such as the functional flow chart shown as f igu re 2.
This type of chart is useful in later stages of programming because it
shows the relationships of various modules in the program to one another.
The flow chart should be detailed enough to insure that the interrelation-
ships between the various modules and the data manipulations are identified
so that they can be provided for in the coding. In cases of complex compu—
tation routines it may be desirable to develop more detailed flow charts
(such as the one shown in f igure 3) during the course of the program
development. If the functional flow chart and any other charts explaining
the program logic are developed using standard technical terminology rather
than program variable names, they can be used very effectively in the
program documentation.

The fifth and sixth steps — development of the computational and data
manipulating algorithms and testing and verification of program logic—are

6 Paper 7

~ 

~~~~~~~~~~~~~~~ - -



— . _ _ ...._.. — _ . —

t u e two fac~ is of programming which have received the most emp hasis  in the
past. .~lt hi ou~;hi most engineer -programmers are relatively proficient in
coding , testing and verifying pro gram s for tcc’nical a9pltcatlons , experience
indicat es  tha t  improv ement s i i  th  ove rall  Jeveloprwut of a program can
be rea lized in t h i s  pha se by fo l lo id .ie . ti u ” four  preceeding steps. The
i :up rovctient s w i l l  r e s u l t  f ron b e t t e r  p l.in n t ng  and design of the program -- —
ni n i . ;u i z in ~ fa lse  sta r t ;  and inconsis tencies  in t h e  coding of the program.
~Uso, the thorough consideration of the problem in the early stages of
pro~ ram develop~ emt  sh ould  hel p i n the uia v el op m cti t  of coniprehiensive tests.
.e tt e r , ulo r e comprehensive teat s  suould , in tu r n , red uce testing time and
e f f o r t , and mini~ui~ c t . e  poss ib i l i ty  of errors in the f inished program .

~\~~\G1~~; c~~h’l;ih; u.s~

Li t il e  pr ccediii~; sect ion of th i s  pape r can be considered to have
dea lt wi th  the pla1inin;;, desi;;n , and const ruc t ion  phases o f computer
ut i l izat ion in engineerin ;; , t he rerialnu er of the paper wi l l  deal wi th
the operatio 1ts phase. t lavin~ a ~j ood , well—developed program for use in a
par t i cu la r a~’p lication isn ’ t t h e  sole fac to r In making e f f ec t ive  usc of
the comput e r. The best of p rograms is worse th an worthless in the hands
of an u n i n f o r t ~ied , misi nformed , or misguided user. Just as great techno—
lo~;ical b reakthroughs have been misused to the detr iment  of mank ind in
some instances , good p rograms can be misused to produce ~‘more errors
fas te r and at a lower cost per error than a whole s tadium fu l l  of ri athe—
tnati ciat is  wo rking by hand fo assist the engineer—manager in guidance of
t u e  compute r analyses associated wi th  a technical study , f ive p r inciples of
.;anag in ;, compute r u~e are proposed~ (1) co l lect , analyze , and check the
basi c data~ ( 2) document assumptions and study c r i t e r i a;  (3) control
seque nce of computer runs , (4) analyze and summarize results ; and (5)
develop conclusions , recommendations and reports .  In the following para-
g raphs each of these principles Is disc ussed in some detai l  and suggestions
for implementing the principles are proposed .

Since the computer is not always aule to dIstinguish good data from
bad data , and since most programs do not contain provisions for including
a fu ll l is t ing of input data in the program output , it is impo r tant  for
ti le engineer to develop and preserve a record of all important  input data ,
its source , and its relative accuracy . [‘u s  reco rd should be filed with
the study results to insure that  a complete h is tory  of the work Is avail—
aole for future reference. In addition to collectin~ and analyzing the
~asic data , the engineer must check the data for errors and inconsistencies
which might  cause the job to be terminated before it is completed or , worse
yet , render the completed job useless. In the days of manual analyses it
was not as important to check each data item at the time of data collection
and proccssin~ , because It was assumed that the engineer performing the
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study would exercise some judgement concerning the validity of each data
item as it was used. In computer programs , however , this type of check
can be made only in very general terms that in no way approximate all of
the judgement that an engineer would bring to bear on determining the
validity of the data. Since the production of erroneous results not only
invalidates the particular run but also frequently creates an unfavorable
situation with respect to the use of the computer for any application , the
importance of complete checking of the Input data canno t be overemphasized .

The assumptions and criteria associated wi th a particular computer
analysis of a problem often are as significant as the analysis itself——as
far as the results are concerned . And yet , virtually no programs have
provisions for qualifying the output to reflect the assumptions or criteria
for the study. Since the inclusion of this type of provision in a proc~raw
is rather difficult——given the wide range of possible assumptions that can
be associated with engineering studies——the engineer—user must  record th is
information and see that it is attached to t h e  results  in SUCh a way as to
insure that the results are not misinterpreted or misused . This problem is
not limited to computer analyses, as engineers have been concerned about
misuse of their studies since long before the computer came into use. h ow-
ever , it is compounded in computer studies because the lack of supportive
information for an analysis is usually more pronounced in computer runs ,
and because many people are still placing more faith in what the computer
prints out than they would place in a similar document produced by a man.

The problems of collecting , analyzing and checking input data and of
documenting assumptions and criteria are growing rapidly with increased
computer use by engineers. because the computer gives us t h e  capabi l i ty  to
analyze a basic plan and many variations of that  plan at a relatively small
cost in time and money, we tend to perform the additional analyses ‘~ithout
describing and documenting the rationa l e tha t  led from one analysis to thin
next and without documenting the changes in data , assumptions and criteria.
While this seldom creates problems during the study Itself , the results are
disastrous when the results of the analyses must be described in reports or
when reference must be made to the studies in the relatively distant future .
Just as documenting the progral~ itself Is a present cost which will pay
dividends in the future, documentation of the precomputer phases of a
particular study are an essential price which must be paid if the computer
is to be used effectively .

Controlling the sequence of computer runs is one of the most difficult
tasks facing the engineer-user or engineer—manager. The a,~p~ ren t low cost
of additional computer analysis and the normal technical curiosity of most
engineers frequently entice engineers to make analyses that fall Into the
~nice.to~.know category as opposed to the “need-to-know category . Such
investigations are certainly desirable and should be encouraged when the
work schedule and study funds permit. h owever , it must he realized that
the costs in time , money and manpower of these supplemental investigations
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arc usually far greater titan the cost of the additional computer time - needed
to make the computations. Too many engineers have fallen into the trap of
pursuing one ‘ nice—to—know ” study after another until the point is reached
where the study that must be done is still incomplete and the funds and time
are gone. The mystique of ‘ just one more run” to an engineer can become much
like the I ’ ll qui t  tomorrow ’ syndrome of the cigarette smoker or narcotics
addict .  h owever , for  the eng ineer ‘ tomor row ” comes much sooner than for
the smoker and the addict , and-—while the physical repercussions may not be
as great for the engineer--—his job security and credibility can certainly
be adversely affected.

The most common cause of uncontrolled computer use is the absence of
a realization that the input must be documented and the output must be
reviewed and analyzed , and that the cost of these operations far exceeds
the cost of toe computer run Itself with respect to funds , time and man-
power. Experience indicates that the best approach to use of the computer
in a major study is to lay out , in advance , a study plan which clearly
indicates where the computer is to be used and what results are expected .
If explorative type efforts are contemplated , definite time and/or monetary
constraints should he indicated to provide a gage against which actual
performance can be measured . The engineer—manager can use this study plan
to evaluate the study progress and can assess th e impact of unplanned
computer use on the overall study effort. As long as the study plan is
used as a guide or standard rather than as an absolute constraint the plan
will be a useful management tool rather than a restrictive detriment to
effective and innovative computer use.

Even in a well—planned study effort there will be occasions where
the results of a planned analysis will indicate that an unforeseen analysis
should be or must be made. The aforementioned study plan should not be
used as an excuse to avoid these analyses. Rather , the plan should be
used to determine the potential effect of the unforeseen analysis on the
st udy completion date so tha t  addit ional p lanning or budgeting or both
can be accomp lished wi thout  being under the sti gma of an already—missed
deadline. ~oreover , t h e  eng inee r can use the plan to integrate planned

— and unforeseen analyses in a way which minimizes the number of computer
runs that must be made . Since a certain minimal amount of input documentation
and output analyses is associated with each run , the combination of two or
more investigations into a single analysis , where possible , saves not only
the cot’iputer cost ‘out also the associated time and manpower costs.

rho need for thorough output analysis has already been alluded to in
the p recedi ng dis cu ssion on controlling computer study sequences , and
experience has indicated that ineffective analysis of computer results
is a major component of mismanaged studies . The computer is capable of
gen e r a t i n g , in any given study , fa r  more output than any engineer or group
of engineers can analyze in any reasonable length of time . This is one
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of the important reasons why the number and sequence of s tudies mus t he
carefully controlled. An information explosion” of the type caused by
indiscriminate use of the computer can overwhe l m the capabil i ty of t h e
most competent and well—intentioned engineer to detect even the most
obvious inconsistencies or the most important resul ts .  If the study is
properly planned the number of computer runs will be careful ly controlled ,
and there will be some predetermined output analyses for each run . ln
addition to reviewing the output with respect to the preconceived objectives ,
the engineer should carefully review the output to determine that the
overall results are logical with respect to what was anticipated . Since
occasionally input errors are overlooked——even in the most th orough checkinb
process——it is worthwhile to examine the output  for possible discrepancies
that might be indicative of input errors. It is far better to detect er rors
at this point than at some time in the future after additional studies ha ve
been based on the output results.

As an important part of the output analyses the engineer should record
any important conclusions based on the results and any supporting calculations
or interpretations of the output data . This type of record , when filed with
the computer results and when properly related to the results , form s the basis
of a retrieval system which is helpful in reconstructing the study logic in
tne future. Since modifications of completed studies are not infrequent in
engineering work because of alterations in the overall study objectives , the
capability to reconstruct a study sequence is important.

Transforming the results of computer analyses into a finished engineering
report is the final step in the ‘operations ’ phase, and it is a step which
is frequently stumbled over. Developing conclusions and recommendations is
the engineer ’s forte. Substantiating them is his downfall! Instead of
developing clear and concise rationale for our conclusions and recommendations
to decision makers we tend to try to overwhelm them with the sheer volume and
details of our work. However, we are finding that——interesting as they are
to us——the details of our labors and the stacks of output data we can and
do develop are of little or no interest to the decision makers or to the
general public. To gain acceptance of our work and approval of our recoin—
tnendations we must work dilligently at improving our ability to communicate
our findings and our feelings to persons who are not as close to the prohle~t
as we are. This problem , like many of the problems described in this paper ,
did not originate with the advent of the computer but the magnitude has
certainly increased with the increase in computer use.

By giving us the ability to explore more facets of a problem the
computer may help us develop explanations of complex technical subjects ,
but not until we learn to employ it effectively . Computer—generated tables
and charts are desirable when they clarify or supplement an oral or wr i t t en
explanation. They are worse than useless when they merely present endless
columns and rows of unanalyzed data. To use the computer effectively in
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this phase of ~i study the engineer can relegate to the computer the task
of extracting from all of th e data , that which is really important, or the
task of arranging the data so that he himself can more readily extract the - -

important information. In this role the computer becomes a true asset to
the study instead of a number—spewing liability .

SU~ tiAl?

- ‘~c have passed throu gh t h e  era where the computer was a toy to be r -

th~nkered uitlt by en~’ineers with a bent toward the new and innovative , and
we are now entering Into an era where the use of computers in engineering
studies Is of fundamental importance in doing a satisfactory job. The
necessity for developing good management practices to correct our past
inadeq uacies and to forestall the development of new and potentially more
ser ious inadeq uacies in t lt~ future is obvious . Some possible principles
of computer management have been outlined and discussed in this paper.
.“.iat remains to be done is to discuss them , modif y them as necessary ,
and finally--and most importantly——implement them.
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MA NAOP74~W~ OF ~OI4RJTER USE 11$
SOLV1?~I E NEERI?~l PROBl~~4S

Discus s ion

~~~etion, Mr. Matthews: How do you mana ge people working on programming
so as ~~~~~ most effective In overall results?

Reply, Mr. Fredrichl It is nec,’sM%ry to have firm fisca l and production
contro l. and know l edge ol ’ the prob l em and results expected . This will
not happe n unt l .h the execut i ves and supervisors become knowledgeable
about the capabilit ies ol’ computers end how they and their users crc
managed .

question, Mr. Beard: How much detail  should there be in the program
document&ti on?

Repiy, Mr. Fredr i ch: The (letail In the program documentation should
be commensurate wi th  the scope ~~I’ the program. A program which
performs a simple computation in a reiative l.y Inflexible way will
require very little documentation; whi le a large, complex program
with many i nput options and severa l alternat i ve computat i on schemes
or computation sequences will , require much more documentat i on. Tm
short, the documentation shou ld enable the user to understand and
effectively use all of’ the program ’s capability .

Comment, Mr. Wni. Thomas: In my opinion the program document. Wt) Uld have
to be suti’ict ently deta i led to i mpart the practical experience of
the programmer to the user i f  the user is just ca su a l l .y fa m i l i a r
w i t h  the type of prob l em the computer program Is attempting to solve.

quest ion , Mr. Sharp: Mr. Fredrich , you have expressed the need to
thoroughly document “generalized ” computer programs , especially
those conta i ned in the l ibrary at WBS that wi ll not be backed-up
by adequate applications assistance . I agree with the views you
expressed in general. Howe ver , do you fee l there is much danger
of’ a problem arising from “over-documentat i on ” of programs.. .  to the
point of appreciably discouraging their  u s e . . ,  especial Ly the more
complex programs having severa l i nput options?

RepI .y, Mr. Fredrich: No , I don ’t th ink  there Is too much chance of that ,
g i v en  the current ability (or inability ) of engineers to document
their work . I~ w i l l , however , cer tainly  be necessary to maintain
some control over the t ime and manpower spent on documentation to
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insure that the expenditures are consistent with the capabilities
of the program being documented and that the efforts are not wastefully
misdirected . In the specific case of generalized programs, I cannot
visualize “over-documentation” - at least not from the users standpoint.

question, Mr. ~ichert: Since we are talking about computer program
documentation, I would like to ask the participants of this seminar
whether the documentation of the HEC programs is adequate or not.

Reply, Mr. Fredrich: In many cases the HEC documentation ii considerably
less than I personally would like to see, but I have heard many
people from other offices and other agencies say that the HEC
documentation is far superior to most other documentation.
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Combining New Tech n iques and Computer Technologies for
Problem Solutions in Hydrology

In the pa st decad~ with the onset of the high-speed electronic
computer , ma ny problems in hydrology have been solved with the
application of the computer . Most of these applications have simply
used the computer as a high-speed adding machine or desk calculator
withou t incorporating those numerical and mathematical techniques
most compatible to computer applications .

I would like to digress for a moment to trace the evolut ion in the
application of the electronic computer as a tool used to solve problem.
in hydrology . Use of the computer began with those facilities of very
limited capabilities and such tasks as machine language progra ing ,
scaling , design of function genera tors , and the manipulation of non-
alpha output hardware left little desire for the more sophis t ica ted
technique s of problem solving . Today, however , with modern computer
facilities along with the various pseudo languages as software , little ,
if any, lim itat ions are imposed in using the computer as a tool.

Three prob lems in hydrology were most co~~only found as computer applica-
tions . These were namely: reservoir operations studies, flood fre-
quency •tixli•s , and tailvater or’ backwater studies. I think this was
due to the repetitive nature of these type problems and the fact that
a minimum of logic and decisionmaking concepts were employed . Also ,
one sometimes found statistical techniques , such as simple and multiple
linear regression analysis and curve-fitting , among the tools of
hydrology tha t were used as computer applications .

With these types of studies as our early background , we in the Bureau
of Rec lama tion, and I am sure most of you, have found that today ’s
problems in hydrology are really those of water resource systems
analyses and they are multipurpose or multidtscipline in objective ,
and consequen t ly, multidimension ed in mathematical solution .

Our efforts in hydrology in the Bureau of Reclamation for the past 2
years have been directed towards an extensive investigation of mathe-
matical and statistical techniques that will enable a more efficient
use of the computer and provid, more flexibility in our hydrology studies.
We are conducting our investigation in two phases. The first phase being
the application of these technique. without materially changing concept
or philosophy . The second phase will be to use these same techniques
to provide an insight into the new concepts and philosophies of present
day hydrology .

We have then , as a necessity in the continuous evolution , initiated
experimentation with these new statistical and mathematical techniques
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in solving problems under the old philosophy and obtaining insight into
the new philosophy. Before going furthe r , you might ask wha t I mean
by old philosophy and new philosophy . I th ink I would define old
philosophy tha t , where as hydrologist., we provided two or three alter-
native s to the planner as our analyses of a sys tem and then implied
tha t the inpu t to these analyses were wi thou t error and the results
were absolute. We might hay, advised the planner that the maximum height
of a dam to provide safety from ravages of nature and the greatest bene-
fit to mankind was “z” feet to the nearest one-hundredth of a foot , even
though this result say have been based upon a very small and inconsistent
da ta set and poorly defined operational criteria . I think of the new
philosophy as being one where we can , with proper and accepted techniques ,
•valuate the data set for consis tency, evalua te criteria as to the
physical and economical feasibility , and present to the planner far more
al ternatives where each of the alternatives would have meaningful
measures of our confidence in our analyses.

You are aware of the abundance of literature concerning advanced techniques
and new philosoph ies in hydrology. This literature is available from
several sources - the predominant source being tha t of various university
research programs . In this literature you can find intricate and rigorous
proof of these techniques and elaborate hypotheses of the new philosop hy,
but littla about the actual applica tion to the problems of the real world .

A major part of ou1~ effort in experimenting with new techniques, moat of
which are found in the aforementioned literature , ha. resulted in a model
that is used in studying water resource systems . This model was designed
to accomeodate the conjunctive use of both surface and subsurface water
resources .

Tb. model has essentially five main functional aspects. The computer
application of this model was constructed such that any of the five
aspects can be studied as separate ana lyses or can be combined as one
ana lysis.

A logical point to bigin the discussion of this model would be the
func tional aspect of data analysis. This aspect , which is the f i r s t
block in our computer appltcation , incorporates technique s such as those
re~uLr ed in decomposing a discrete t im. series. The discrete time series
being for the most part subs•ts within the input data set and represent-
tug such data as runoff , precipitation , t emperature , chemistry, and e t c . ,
when, the time incremen t is usually 1 month. Other statistical techniques
are also incorporated as psrt of this functional aspect. We use this
block to determine measures of information contained within each of the
input data subsets, levels of confidenc . related to this information ,
trends, and inconsistencies as concerned with the homogeneity of the
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series . Prom this block , we can also obtain the mathematical expres-
sions and parameter . necessary to generate , if required , larger periods
of information .

The next functiona l aspect we might discuss is that which concerns the
mathematical simulation of the operational characteristics of the water
resource system . This block could be considered analogous to the
previously mentioned reservoir operation stud ies. We have designed the
computer application of th. simulation such tha t with use of parameters,
one can study different water resource systems without materially mod i-
fying the language of th. computer application . Disciplines or objec-
tives , such as irrigat io n , 146 1, power , flood control, recrea t ion, and
water quality, can have assigned priorities in the simulation of the
operational characteristics of the wa ter resource system .

The simulation block or functional abpect is the “guts” of our whole
water system s analysis application and , consequently, is the largest
in physical size . Because we have designed this model as a conjunctive
use model including water quality as a disctp lt ne , we have incorporated ,
among other things, the simulation of water percolating down through a
soil column to predict chemical exchanges between soil and solution . A
subsidiary subbloc k to the simulation is a control block which incor-
porates the criteria of a sys tem operation as a series of constraints.
I have made the explanation of the simulation bloc k very brief ; however ,
the functional aspect is simpl y to prov id e physically feasible solutions
for the study of a particular water resource system.

After we have obtained how ever many physically feasible solutions we
may req u ire, we enter the next functional aspec t which simply ranks the
impact of priority of one objective or discipline upon all other objec-
tives one may have included in a particular system . This ranking is
further modified with respect to confidenc e levels of data pertinent
to the simulation of this objective . A sensitivity analysis is also
incorporated and this is simp ly an arbitrary varianc e of the first and
second moments obtained for pertinent data subsets in t he  data analysis
block. This particular functiona l aspect is used to maximize tnforem-
tion and minimize efforts required for the subsequent blocks or func-
tional aspects. It is with the use of thi s block that we have found
that some of the stud ies of various water resource systems of the real
world , imposed constraints, political and otherwise , have limited the
degrees of freedom in such a manner that the use of our remaining
functiona l aspects of this model become redundant or exercises in
futility.

Our impact study realistically determines the number and size of the
objectiv. function we are to use in this functional aspect , wh ich is
simp ly an optimization technique to determine optiona l solutions for
our study wi th the introduction of cost parameters.
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The fina l functional aspec t is one tha t use s a techni que which can be
considered analogou, to “dynamic progra ing.” It is in thi s block
that we ettespt to find the best plan , the next best plan , and etc.,
Lu the operation of our water resource system .

Tb. model I have just briefly discussed is by no means in a fina l
form . With our continued experimenta tion with new techniq ues and new
philosophies , I am sure we will change many parts of the model.

The model has served us well as a base to build upon because in
evaluatin g and experimenting with new techniques and philosophies you
must start somewhere with rea l vonid application . and the important
thing is to start . In applyi ng this model , we have found how easy it
is to become engaged in practicing the extreme of “driving a tack with
a sledge ha er.” We have also found th at some of the intuitively
designed beet plans of a water resource system are very good and the use
of our model does not add any significant improvement.

A few of our othe r efforts are in the experimentation of various tech-
niques applicable to routi ng studies, pr ediction of sediment loads ,
and the digital modeling of aquifer simulation.
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COMBINING N~.4 TECHNI~ JES AND COMPUTER TECHNOLOGI~~
FOR PROBL~ 4 SOUTflONS IN HYDROWGY

Discussion

Question, Mr. Beard: In view of the variety of definitions of water
resource systems, what iB the general scope of the model you have
developed? In particular, does the model simulate all, water
resources developeent features that the USBR is interested ira?

Relpy 1 Mr. Cristofano: The Bureau of Reclamation in their studies of
water resource systems is becoming more involved in the total environ-
ment concerned with the system; therefore, the model I have developed
does in simulation consider such features as irrigation, power, flood
contro: 

- 
water quality augnentation, reservoir stratification with

respect to temperature , and salinity balances as obtained by the best
use of surface and subsurface water resources within the system.
Constraints of water resource levels can be made applicable to
recreation requirements if such are necessary.

Question, Mr. Peters: How do you handle the linearizing assumptions
required for the linear programming algorithm?

Reply, Mr. Cnistofano: I ass~m~e from this question that you are interested
in knowing how the model accommodates nonlinear relationships that
might have to be transformed for the l inear objective function . From
our experience, we have found that the levels of confidence related
to various cost parameters are such that the nonlinearity can be
handled by simply reducing the time frame such that a linear objective
function can be approximated. Often times such approximation is not
warranted on the basis of the low level8 of confidence usually
found in cost parameters.

Question, Mr. Fredrich: Does the simulation model have the capability
to assign to each component in a system (based on the relative state
of the component ) en output quantity so that the sum of the outputs
will, equal a specified system requirement?

Reply, Mr. Cnistofano: The simulation model actually divides the water
resource system into several subsystems; each of the subsystems
being called a node. In simulation, these nodes are in themselves
entities and the capability assigned to each component wi*in the
node and its interface with any other node of the system is such that
the output quantity from the node is a zero sum or , in effect, a
balance. The output quantities of each of the nodes are again s~mmed
to insure that a particular system objective has been met.

- 
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Question, Mr. Sichert: What water quality parameters are considered in
your model? Is complete mixing assumed or can vertical zones be
used? What routing interval is used?

Reply, Mr. Cristofano: The model has two distinct mixing modes. One
is the mixing as a result of the ionic exchange between soil and
solution as water percolates down through a soil, column and int o
an aqui fer . This mixing is simulated by maintaining an ionic balance
between soil and percolating waters which is governed by physical
concepts of ionic exchanges. The mixing in this mode is complete
and can be simulated for as many vertical zones as there are nodes.
Each vertical zone can be divided into as many as 10 horizontal
slices (two-dimensional flow). The horizontal slices are used to
simulate lateral transmissions.

The second mode of mixing is that of water (solution) only. In this
mode, mixing can be simulated as complete or incomplete and linear
or nonlinear , and is used to simulate surface water mixing and lateral
transmissions of subsurface waters.

The water quality parameters considered are those that are not inert
and can be as many as 10 constituents; i.e., anions and cations, as
long as a balance is maintained between the anions and cations. The
routing interval is varied and can be a 1-hour interval to an annual
interval and is specified by an index as part of the input . From
this index, the model has accommodations to do the required dimension-
ing.

Q~uestion, Mr. Price: How large a system can your model handle? Can you
handle reservoir stratification?

Reply, Mr. Cristofano: The system is presently designed to accommodate
100 subsystems within the water resource system. Each of the subsystems
is called a node, and is defined as being an entity with an interface
to any other subsystem as well as a whole system. However, fran
experience In using the mode], and input data available, It has been
found that the model is far more acc~~~odating in capacity thanpresent water resource systems require. The model has a capability
of simulating reservoir stratification insofar as temperature gradients
are concerned . These temperature gradients are represented as
mathematical expressions designed for a time frame of 1 day . The
model does not make an attempt in mathematical concept to define all
parameters one could conceivably use in simulating temperature
gradients but uses instead statistical inference on the basis of
data available and the objective impact of such data .
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Question, Mr • Matthews and Mr. Beard: Is program (model) documentation
available? When?

Reply, Mr. Cristofano: At the present time, we anticipate a fairly
thorough documentation of the mathematical model, and in this respect,
we do not Intend to document the computer appli cation . The model as
designed is composed of 30-odd subroutines which can be linked to
represent a water resource system using all features of the mode], or
any part thereof. This model has been developed over the past 3
years with funds fran the Water Quality Office in conjunction with
the Bureau of Reclamation. I assume then that the Water Quality
Office will. have major responsibility as to when and if such docu-
mentation will be available .

Q~~stion, Mr. Fredrich: After simulating the physcially feasible alter-
natives, the variables to be included in the objective function for
the optimization process must be selected. Are the selections of
the variables made by the computer or by the engineer-user?

Reply, Mr. Cristofano: The selection of the variables used. in the
objective function are made by the computer on the basis of ranking
each of the objectives by the engineer-user . Further refinement in
the selection of these variables by the computer is based upon the
level of confidence obtained from the data analysis block of the
input data applicable to the particular objective.
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THE NEED FOR AND D~~ELOPMENT OF A C~ 4PUTER
PROGRAM FOR RE-ESTABLISHING 10.1 P10.1 1IAVI-

GATION REQUIR~)1ENTS 014 ThE APALACHICOLA
RIVER

by

1~ERLON D. PIERC&’

My presentation will not deal to great extent on a computer pro-
gram, but with the need for and results of a program developed to
study low flows on the Apalachicola River. In order for this discus-
sion to be meaningful it will be necessary to present a background
on the planned development and development to date on the Apalachicola,
Chattahoochee and Flint Rivers. I will try to show this in relation
to the time effect on the planned development of low flows on the
Apalachicola River, and how computer studies were made to develop
operating procedures that would re-establish the frequency of low
flows to design frequency.

The existing project for the Apa].achicola, Chattahoochee and.
Flint River as authorized by Congress in the River and Harbor Acts
of 19115 and 19146, provided for a three stage plan of development for
the basin. The overall plan for navigation was to provide a channel
depth of 9 feet with a minimum width of 100 feet fran the Gulf Intra-
coastal Waterway through the Apalachicola River to Columbus, Georgia,
on the Chattahoochee River and Bainbrldge, Georgia, on the Flint
River.

As was previously mentioned basin development was provided for
in a three stage plan. The initial stage of development, consisting
of the construction of Jim Woodruff Lock and Dam, provided naviga-
tion upstream to near Columbia, Alabama, on the Chattahoochee River
and to near Bainbridge, Georgia, on the Flint River. Navigation
on the Apalachicola River below Jim Woodruff was to be provided by
open channel methods. The second stage provided for the extension
of navigation on the Chattahoochee River upstream to near Columbus,
Georgia, with the addition of the Columbia and Walter F. George
Locks and Dame. Buford, a storage-power dam, located above Atlanta,
Georgia, was included in this stage for multiple reasons one of

1 Hydraulic Engineer , Reservoir Regulation Section, Mobile District
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which was to increase low flows in the Apalachicola River , thereby
reducing maintenance dredging required for open-river navigation.
The third stage assumed full basin development.

Stages of basin development
1 River Stage I Stage II Stage III

Storage-Power Chattahoochee Buford Buford
Storage-Power Chattahoochee Cedar Creek (1)
Storage-Power Chattahoochee Franklin (1)
Storage-Power Chattahoochee West Point
Navigation-Power Chattahoochee W.F.George W.F.George
Navigation Chattahoochee Columbia Columbia
Storage-Power Flint Spewell Bluff
Storage-Power Flint Lazer Creek
Storage-Power Flint Love: Auchumkee
Navigation-Power Apa],ach.tcola Jim Woodruff Jim Woodruff Jim Woodruff
(i) Not yet authorized - approved as a part of the general plan.

The effects of the various stages of development on low flow
frequency downstream of Jim Woodruff can be shown from data developed
in the original studies. These effects are shown in the following
table.

Flows on the Apa].achicola River for various stages of development

Flow Stage I Stage II Stage III
Minimum flow 5,150 7,1100 10,100

% of time 9,300 cfs
will be available 86% 95% 100%

The 9,300 cf a is shown because the project as presently approved
for improvement of the Apalachicola River calls for dredging and
snagging to provide a navigable channel 9 feet deep at a flow of
9,300 cf a. Studies shoved that a flow of 9,300 cfs could be expected
95% of the time and that the expected minimum flow of 7,1400 cfs,
minimum flow at the completion of stage II, would provide a channel
7 feet deep.

2
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Ji m Woodruff completed in 1957 initiated development of the
basin. Stage II was achieved with the completion of the Walter F.
George project in early 1963, and since that date no projects in
stage III have been completed.

After the initial dredging and snagging of the Apalachicola
River channel It was found to be impossible to maintain project
depth throughout the low-f low season, June to December, each year.
Depending on the status of maintenance dredging at the time, flow
requirements to maintain a 9-foot channel vary from about 13,000
cfs to 17,000 cfs. Another factor that is important at this point
Is the fact that flow augmentation was an authorized purpose at
Buford, however, In the authorization and planning stage flow
augmentation was not set as a requirement but as a benefit which
resulted from power operations. Initial and stud~r power require-
ments from Buford set minimum weekly energy requirements that
were used in evaluating the effects of power operations on low
flows on the Apalachicola River. The effect of these operations on
flows on the Apalachicola River can be seen by comparing flows at
the completion of stage I and II as shown In the above table.

The original power contract for Buford was followed closely
from the time of its completion In 1958 until the completion of
Walter F. George in 1963. With the addition of Walter F. George
into the power system a new contract was drawn up for the entire
South Atlantic Division power system, which included projects in
two separate Districts and three river basins. The studies for the
system power contract were made by the Southeastern Power Adminis-
tration and did not include flow augmentation from Buford as a
requirement. Each project included in the system was allocat.ed
what was considered to be its share of the total energy Bold in

• this contract for scheduling purposes. The monthly distribution of
total annual energy at Buford was near the distribution specified
In the original contract, therefore, it was assumed that the original
flow analysis as shown earlier for stage II would be valid. As
would be expected, in operating the power plants on a system basis
very little weight was given to the weekly power values allocated to
the individual projects. As a result, low flow augmentation did not
occur as assumed in the original low flow studies for stage II.
During the perIod 1963 through 1968 flows of less than 9,300 cfs
occurred approximately 11% of the time as compared to the 5% shown
for stage II development. This was pointed out more sharply by
navigation interests who complained that sufficient depths for prof-
itable operations were not dependable and that variations in depths
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from week to week were too severe to effectively use available depths
in the river. As it became apparent that operating the reservoirs
on a system basis for power would not augment flows in accordance
with studies made during planning, the Mobile District’ s Reservoir
Regulation Section decided that studies would be made to re-evaluate
the status of navigation flows on the Apalachicola River and to ex-
amine what if anything, could be done to return low flows to design
frequency.

After a limited study of flows for the 1963 through 1968 period
and an observation of rainfall amounts and distribution during this
same period, it was determined that a detailed study of the hydrologic
data associated with the period was not necessary since this period
was highly representative of normal conditions. It was further
noted that the total weekly energy delivered from the Mobile District ’s
projects was near the total allocated to these projects. It was con-
cluded that because of this fact the Mobile District’s reservoirs
could be operated as a sub-unit of the overall power system, and studies
would be made to develop operating procedures for the most advantageous
distribution of the allocated power amounts among the projects for
the benefit of navigation on the Apalachicola River. As is apparent
the two most Important restraints in any study would be the Mobile
District’s share of total allocated energy and capacity since these
values had been sold as part of the overall Southeastern Power Admin-
istration’ s contract for the South Atlantic Division power projects.

Although there were several alternatives to the type of study
that could be made, facts surrounding the problem indicated that
the study should include all the Mobile District power projects even
though some of the projects do not directly affect low flows on the
Apalachicola River. The study, while meeting all power requirements,
strives to establish the best power distribution at any given time
to return the frequency of low flows to as near that established for
stage II development as practical.

At this point it might be wise to review some of the physical
factors of the projects involved.

a. Jim Woodruff Lock and Dais, located just below the con-
fluence of the Chattahoochee and Flint Rivers, was designed princi-
pally to provide for navigation on the Chattahoochee River to the
vicinity of Columbia, Alabama, and up the Flint River to near Bain-
bridge, Georgia, and to produce hydro-electric power. The 108 miles
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of open river channel between the dais and the Gulf of Mexico has a
total fal l  of nbou t teO feet and navigable depths nrc dependent on a
continuous tiow. For this reason the Woodruff power plant Is oper-
ated as a run-of-river project that utilizes Its limited usable
pondege of up to 2 feet for re-regulating variations In inflows caused
by the operation of upstream power plants.

b. Columbia Lock and Dam on the (~hattahoochec River I~(
miles upstream from Jim Woodruff in  a navigation project. Col.umbta
is -r~ tMd to provide navigation depths upetretun to Walter F. George
Lock and Dam , and to re-regulate the outflow from peaking power oper-
tLtlons at the Walter F. George powerhouse . It has no usable storage
but regulation narrows the range of daily discharge for the benefit
of navigation in the upper reaches of the Jim Woodruff pool.

c. Walter F. George Lock and Dam , a multi ple-purpose
power- tU%vIgttt  ion project, in operated to prov i de navigation depths
upstream to near Columbus , Georgia , and for the generation of hydro-
elc~tric power. The 21e14 ,000 acre-feet of seasonally av ailable storage
can be scheduled for use as required for power operations.

1. Iluford Dam , located 2(i i mi les upstream from the Walter
F. George project, Is a muitlule-purpose flood-control-power project.

H It. has 1,050 ,000 acre-feet o~ usable storage below the top of power
pool. Since liutord does have a l arge amount of storage It becomes
the most Importan t project in the Apalachlcoma Riv er  system as far
an f low augmentat i on in  concerned .

e. A.llatoona Dam, located on the Alabama River system, a
storage power project, adds nothing to navigation on the Apalachicola
River , but Is  ti part of the Mob ile District’s power system. Having

-~ it . In the system permits greater flexi bility in scheduling releaoes
from Bu ford and George.

The study program consists of weekly rout ing s of flows for a
~0 year period through the d is t r ic t ’s power plants with the objective
to ut 11.1 ze the storage at these plants for the benefit of nay I gat ton
whi le delivering the Mobile District’s allocated power requirements.
At nil reservoir si tes flow n were converted to natural flows.

All releases are made through the power plants and al l. s ower
scheduling in on a weekly basin. The maximum generation at any proj-
ect is that plant ’ s capab I I ty for the 100 peak hour period, wh i le
the minimum is plant c a pab i l i t y  for a 10 hour period. Pool restraints
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8uch as top-of-power pooi and minimum operating pool are observed ,
and in addition, zoning is included to maintain proportioned storage
balance among the reservoirs.

The program begins by comparing the inflow at Woodruff to the
9,300 eta. The discharge at Walter F. George is then reduced or in-
creased as the case may require to give a minimum of 9,300 eta and a
maximum of as near 9,300 eta as possible. Buford’s discharge is then
‘computed In an attempt to hold the Walter F. George pooi within pre-

scribed operating limits. The pool. levels at Walter F. George and
Buford are then computed and their discharges re-adjusted, if necessary,
to hold the pooi levels to within prescribed operating limits. The
Allatoona generation is then set at a minimum, which is that needed
to keep the pooi from e~eceed.ing top-of-power pool elevation.. The
total generation at Walter F. George, Buford and Allatoona is then
compared to the total allocated to these projects. In the event the
total generation is not as great as that allocated, Allatoona is
adjusted upward, as required , but within prescribed operating limits.
If the Allatoona increase is not adequate Buford and George are
adjusted upward, as required, in proportion to their respective dis-
charge - generation relationships. In the event that the inflow at
Woodruff Is not equal to the target 9,300 cfs, the 2 feet of storage
available at Woodruff is used as necessary to maintain the discharge
of 9,300 cfs. At this point a generation of at least the amount of
the allocated ccinmitment and a flow of as near 9,300 cfs as possible
is met. It is noted that during periods when excess energy is called
for , to supply the 9,300 eta, no attempt is made to reduce the energy
computed to that allocated. Since the study shows that periods when
excess energy is required are relatively few in number it was assumed
that the excess energy from the Mobile District projects could be
worked out within the overall system. Experience to date has shown

• this to be true.

As was mentioned earlier, design studies had indicated that
• with stage II development a flow of 9,300 cfs could be expected 95

percent of the time. By operating the reservoirs in accordance with
the operating rules described, the flow of 9,300 cfs can be maintained
100 percent of the time. While this does not provide project depths
of 9 feet as the original design studies anticipated, it does permit
year-round navigation at depths which are profitable for the operators.
Depending on the status of maintenance dredging this flow will provide
7 to 7.5 feet of water in the channel.
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Since project depth can not be maintained with the 9,300 cfs,
several alternative flow requirements greater than 9,300 cfa were in-
vestigated. It was found that none of these were acceptable prima-
rily because of the power requirements imposed by the Southeastern
Power Administration ’s power contract. These investigations showed
that any appreciable increase in flow au~ nentat1on would violate the
annual distribution of energy and jeopardize capacity requirements
specified in the contract.

Although the design frequency of low flows were returned through
this study the frequency of project depth was not returned. As a
result of channel depths not being as originally believed, a program
of channel improvement was undertaken. This recently completed
channel improvement program consisted of contraction works and chan-
nel realignment. Early investigations after completion indicate that
the dikes have helped some, and it is expected that considerable
improvement will be evident by the next low flow season . Although
the river should continue to Improve over the next several years, it
Is expected that the major results of the channel improvement program
will be seen by the low flow season of calendar year 1972.

In addition to channel improvement further improvement will be
seen with the addition of phase III projects. These projects were
described previously and one, the West Point project, is under con-
struction. It is expected that with the completion of West Point,
in early 1973, studies will be made by the Southeastern Power Admin-
istration which will include West Point in the Power system. Before
approval of a new power contract the Mobile District will evaluate
the effects of the contract on low flow augmentation. It is believed
that low flow augmentation will be greater than anticipated In design
studies if the new power contract is not too restrictive.

The district is also investigating the possibility of building
a series of low head dams on the Apalachicola River. Future planning
of these projects will depend to large extent on the success of the
channel improvement project, on timing of phase III development and
future power contracts. Early completion of phase III and the in-
clusion of navigation requirements In future studies for power
contracts would alleviate to a large extent the problem of navigation
on the Apalachicola River.

It might be interesting to you to know that the program as
developed for the low-flow frequency study has been expanded to
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include other restraints inherent in the operations of reservoirs ,
and is now known as the Mobile District’s reservoir system program.
The program has been used for an overall study of the system with
historical flows and has been modified to use current and projected
flows to set up weekly operating requirements and for short range
planning.

This particular program was chosen as the subject because it
shows how the computer can be used to evaluate the effects of new
restraints or restraints which have not been fully considered (such
as SEPA ’s failure to properly consider flow augmentation) to a
portion of an overall system if certain precautions are taken. It
also points out the need for a coordi nating body, such as a Beser-
voir Control Center , for making and evaluating overall reservoir
system studies to assure proper consideration of all project
functions.

I
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THE NEED FOR AND DEVELOPMENT OF A COMPUTER PROGRAM
FOR RE-ESTABLIS}fIlt W.4 Ft1(~4 NAVIGATION REQUIR!34ENTS

ON THE APA L.ACHICOIA RIVER

Discussion

Question, Mr. Matthews: (i) Can we get copies of the program? (2) Have
you revised operation manuals?

Reply, Mr. Pierce: (1) It has not been documented. Printouts of the
program are available . (2) We haven ’t as yet , but we plan to
produce a systems regulation manual.

Question, Mr. Peters: Is your program generalized in the sense that it
could be used for reservoir systems other than your own?

Reply, Mr. Pierce: Yes - documentation is not available but it could
be used by others with very little t ime required to learn the program
since the program primarily deals with weekly volumes . It would be
my advice though, to consider development time for your particular
problem vs. the t ime for learning what this program does since it is
a relatively simple program .

Question, Mr. Fredr ich: Is the program as modified for day-to-day or
short-term operation significantly different from the basic program
used to evaluate the operation of the system during the period of
record?

Reply, Mr. Pierce: No - same program except input is changed to projected
flows rather than historical flows.

Question, Mr. Fredrich: Could you give us some idea of the amount of
documentation of the study itself that was necessary to communicate
to the other interested offices the results of the study? Was this
documentation in the form of a formal report?

Reply, Mr. Pierce: Other interested offices were made aware of this by
our actions in scheduling releases from the various projects and
our repeated insistence that such actions were backed up by a study.
No - a conference was held with interested parties where they were
made aware of results.

.L.__~~~. ~~~~~~~~~~ ‘ ._
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COMPUTER USE IN REGULATING THE OHIO
RIVER PROJECTS

by

James S. Matthews1

INTRODUCT ION

Requlation of reservoirs and navigation dams using computers began In
the early 1950’s. Major Improvements have paralleled refinements In computer
hardware.

The goals of the computer proqra,mninq effort in the Ohio Basin are:

a. Prevention, or reduction, of flood damages through effect ive
regulation of the reservoirs now operational. (Plus incorporation of new
projects as they become operational.)

b. Seasonal regulati on of multi—purpose pools to insure the timely
utili zation of avai lable storage with optimir effecti veness amonn purposes.

C. Contfnuf nq inonitorina of the projects with a view to improving
regulation through new procedures and operatinq guides. Those Improvements
may also Include realianinent of storages dedicated to the several uses as
the Reservoir Control Center staff matures functionally and procedures become
more sophisticated.

The Ohio Basin Corps of Engineers system of Improvements includes
ninety-six (96) major lakes and reservoirs. Fifty-six of those are completed;
twenty—four (24) are under construction; five (5) are in the land acquisition
chase; and planning Is underway on eleven (11). They range from the simplest
dry pooV’ detention structures to some of the most complex multiple purpose
projects In the nation. Effectively regulating reservoirs with purposes of
flood control, power, navigation, quality control, water supply, recreation,
and fish and wildlife (upstream and down) presents quite a challenge. The
seventy-four (74) completed local protection projects, along with the at
least twenty (20) which will be completed in the next decade, add to the
complexity of the problem.

A second major area of shared responsibility of the Center is the
regulation of the navigation system along the 981 mile canalized Ohio River.
Flow forecasts provide guidance for mani pulating the navigation dams to
Improve water quality and to extend “Open River” conditions at the movab le
structures.

An area of great responsibility Is the coordination of discharges at
Barkley and Kentucky Dams durina threat of flooding on the lower Ohio and
Mississippi Rivers.

‘Hydraulic Enalneer, Reservoir Control Center, Oh io River Divis ion
Paper 1.0
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This paper discusses the hardware and software now being used in ORD
alona with future plans. It contains brief references to allied manual
routing procedures which are used as a fi rst estimate and will later be
Incorporated as a back-up procedure. The area covered Is primarily that
of the functioni ng of the Reservoir Control Center In ORD, Cincinnati ,
Ohio.

HARDWARE

Hardware In ORD

a. The Centra l Processing Unit of the recently expanded ADP Center of
ORD Is a General Electri c 425 Computer. The unit capacity is 32K., or 32,000 -

4 character - 6 bIt words of core. There is a proposal to increase the core
storage to 64K. The unit has been in place since September 1970 and is still
somewhat In the “ shake down” stage.

The “Job—Stack” Processor , through previously designated priorities can
automatically select candidates (jobs) for execution by the machine. Assuming
that one or more jobs being processed leave ample remaining capacity; the
Processor will sort through the stack; locate a job and start processina
(or proaramina) i t through the C.P.U. Thus the system has multi-proaramlna
capability, or ability to do two or more jobs at a time.

b. The peripheral hardware includes a nine disc storage unit. The DSU
167 contaIns three - 3 spindle units, eioht discs can be in use at a time.
Each disc has 11 platters containIng 20 recordf no surfaces. There is a s torace
capacity of 15 millIon characters per disc. There are three magnetic tape
controllers.

The present center includes a 1 ,200 lines per minute (numerical) printer,
a card reader, an automatic card punch and several manual card punch machines.

c. The Terminal Control in the ADP Center is made up of a Datanet 30
Unit. The terminal can communicate with satelli tes without destroyina
efficiency. A smaller satellite terminal has been installed In the RCC
for direct phone communication with the ADP Center hardware.

Hardware in Districts

a. Each of the four Districts has a Central Processing Unit (G.E. 225)
with 8 K-3 character words - storage. They generally have a card reader,
printer, card punch and 2 tape drives. All units are smaller units than those
in the ADP Center. The C.P.U is desianed principally to communicate with
G.E. 425 in ORD.

SOFTWARE

Software in Use in ORD

There are fi ve (5) programs now in use In the Reservoi r Control Center.
They include a program for reservoir heat budget analyses of reservoirs

2 Paper 10
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developed by Water Resources Engineers, Inc. (WRE) of Walnut Creek,
California. That requires more storage than the G.E. 425 now has. There
is a Muskinqum flood routing program used in our damage - benefit analysis
of projects which was developed In ORD. We have three (3) programs used
in the requlatinc, of reservoirs and navinatlon dams.

a. The princi pal dai ly routing program Includes the routinn of fl ows
from Dashields , Pennsyl vania to Metropolis , Illinois , through eleven (11)
reaches. The i,ronram utilized storage routino techniques In which the travel
time of the flood wave is approximately made equal to routine time . Five-day
dIsct~arge forecasts are calculated for eleven (11) poInts on the main stem.

Five—day forecasts for twenty (20) inflow points which represent the
major tributaries to the Ohio River are furnished daily by the Districts.

Releases at two of the points , the Cumberland River at Barkley Dam and
the Tennessee River at Kentucky Dam, are determined by ORI) durina hinh flows
on the lower Ohio or Mississippi Rivers .

The program may be initiated at any reach. This is especially important
when tryinri to determine the optimum release schedule for Kentucky and Barkley
projects that will nive the greatest reduction in stage at Cairo , Ill , and
still retain sufficient storage to control the next flood event. There are
four sub—routines which support the main program:

(1) Sub—routine Xcess calculates rainfall excess over a drainage area.
Program input consists of a code designatlnn a particular drainage basin or
local area; the antecedent precipi tation index for the basin; and , the
rainfall quanti ty at selected stations considered representative of the basin.

Data files are created that contain rainfall distribution factors
for each station as it applies to a particular drainage area. From thi s an
average rainfall Is estimated. Yesterday’s estimate of the moisture condition
(API), averaaed for the season of the year, is reduced by a factor of 0.9. A
search of data files containing the National Weather Service Coaxial Ralnfafl
Runoff Chart for the Ohio River Valley , together with associated calculations
results in the rainfall excess as output from the sub-routine.

(2) Sub-routIne Untqr calculates distribution of the flow from a
drainage basin usina output from the previous sub—routine.

Data files containing the unltqraph values for specified time
increments are accessed and a flow distribution pattern is calculated .
Applyina the principl e of superposition , the residual of yesterday’s hydro-
graph is added to today’s runoff to give the total flow graph for the dralnane
area. Output from the sub-routine is then transposed into the main program.

(3) Sub—routine CCLC may not be accessed dependlnn upon the reach in
which the flow forecast is being developed.

It inputs the District’s tributary flow forecast and utllizi nq
previous studies of past floods, laas or advances this forecast. A quadratic

3 Paper 10
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equation is fitted to successive forecast flows and estimates of the flow
at intermediate times is calculated. Newton’s Forward Interpolational
Formula Is used to calculate the coefficients of the quadratic equation .
Output from the sub-routine is then transposed into the main pronram.

(4) Sub-routIne FCHEK is beina developed to plot the precedino
five—day observed hydroaraph alona wi th the five—day forecast usino a
Terminet 300 as the output device. This allows the hydraulic engineer to
smooth the forecast based upon the previously observed data and experience
cained from routina of previous flows. The smoothed forecast hydronranh is
then input into the main program for routina through the next reach.

A preliminary estimate Is made each m o m m a  by a modified Puls
routing procedure developed through l ona years of observation. The computer
routing is run to obtain the discharge forecasts used in renulating the system .
This run Is usually at mid—mornin g after District Inputs arrive.

b. The Rating Program at Wicket Navigation Dam 52 was developed to aid
in maintenance problems. It determines the amount of peak flow that could
safely be released through Kentucky and Barkley turbines and still keep the
movable dam up so that navigation will not be impeded .

c. The Reservo i r Stov~~e Anal ysis Program calculates reservoir storageand sums for each tributary basin and the Ohio Basin. Data giving the amount
of storage utilized for flood control and the amount available for auamentation
is calculated for each reservoir. The program is to be run daily as soon as
the termfnet is connected.

District Software

The four ORD Distri cts are using over sixty (60) general proarams and
sub-routines. They have goals which range from rainfall weiahtino to complex
sys tems analysis. Many are in the developmental stage.

a. The Distr icts al l  use or are develo pina flow prediction proarams .
These proarams are used to a greater extent on post flood studies. They are
basically the application of the modified Puls Flood Routina procedures.
The Muskinnuvn routing procedure also has limited use in tributary routing.

The followina sub-routines are parts of the total routlnn packaae.

(1) The weiahted runoff routine includes Thiessen Poliqon welahtinn
procedures.

(2) The output from (1) Is adjusted and appl ied to unit hydroaraphs
to obtain flood hydrographs. One District uses sixty-one (61) sub—areas in
their proarams.

(3) The flood (outflow) hydrographs are input into the main program
and the results are printed or punched using various sub-routines developed
for different needs. This output contains outflows for desired reaches of
a river or stream.
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b. Al l of the Districts also have computer programs to perform desien
calcul ations for regulation of a single reservoir and/or routina of holdout
hydroqraphs for one or more damage stations or reference reaches. These
programs, or proqam combinations , can be modified for special routinas ,
such as low flow aucinentation.

PROGRAN NEEDS

The ultimate satisfier of regulation needs would , of course , be a complete
program (mathemati cal model) of a basin or sub-basin which would be fed data
from automated gages. The output would be accurate analyses of the system
Including recognition of cri tical points along the river and a listi ng of
alternative schemes for system reaulation to mitigate the hazards or meet
wa ter needs.

Proqram Needs In ORD

Needs of the RCC are principally in support areas. We feel that the basic
programs already are sound. We are, however, workina to expand and improve
them.

a. Improved uni t hydrographs from some tributaries are needed. In some
cases sub—areas are being sub-divided Into smaller true hydroloalc units for
improved accuracy. There is also a great need for improvina main stem unit
hydroaraphs.

b. Cover and geology of hydrolonlc units are beina studied for more
accurate estimating of seasonal differences in storm run—off. These also
Include studies to improve base flow estimates.

c. Ratings for gates at reservoirs and navigation dams are beinn refined
by us and the USGS. Improved qaaing and control are especially Important
durino periods of extreme low flows.

d. Increased automation Is planned , but for the immediate future, plans
Include only RCC plant improvements.

e. Coordinati on of activities with other Corps offices and federal and
state aaencies becomes more Important as we strive for efficiency.

f. Our most pressing need is the completion of the adaptation pro~rams for
the new hardware. We will ultimately require much areater core for storage and
execution than the G.E. 425 can provide. It Is hoped , however , that the ADP
Center can expand Its faciliti es as our needs expand .

Program Needs Of Districts

Distri ct needs are aenerally those of ORD. Most of th~m are workinr~ onthe inputs to a routina program for an entire basin , such as the Cumberland
or Mononnahela. They are In varyfn~ stages of development .

a. Increased automation is an area In which the Districts hope to ma’e
major advancements soon. The availability of funds and cooperative efforts
with the National Weather Service and US. Geological Survey will rec’ulatp .
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We are very optimistic.

Sirmiation of Needs

We are a l l  striving toward the ideal already noted. To reach it will
take several years and millions of dollars . However, there i s muc h we cando to update and improve our efforts. Ohio River Division is striving to
meet the challenge .

PERSONNE L NEEDS
We are all aware of the present budnetary constraints. There is , however ,a need for staffina at mos t of the Distri cts and ORI). The ORD needs are for

support staff to refine program inputs as outlined above. Some of the Districts
need little channe while others need almost entire new or retrained staffs.

DISCUSSION

6 Paper lO
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COMPLTI’ER USE IN REGULATI*3
THE OHIO RIVER PROJEC’1~S

Discussion

Question, Mr. Renner: Do you plan to operate your GE ~425 on t ime-
sharing in the prime shift?

Reply, Mr. Matthews: That is the agreed-to procedure - yes.

-Ii
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R~JUIATI0N OP C~~4PLEX RESERVOIR
SYST~~~ YOR FLOOD CO1ITROL

- • by

Saul Cooper1

DESCRIPTION

The Nev Esgiand region covers an area of about 67,000 square miles,
one-half of which is in the State of )~ine. The region is comprised of
many hydrologicaU.y different riv~~ basins, the largest being the Con-
necticut River which drains a little over 11,000 square miles • The Saint
John River originates in Canada and has a total drainage area of 21,360
square miles of which 7,360 are in t.~ ine. )~.ny of the regions’ largerriver basins are located in Maine, however, because the state is sparsely
populated, annual flood losses are small and to date no flood control
reservoirs have been constructed with the except ion of a small ice darn
on the Nerraguagus River. The same conditions generally prevail in north-
ern New Kampshir’e and Vermont .

In southern New Esgland the river basins are generally smiler, but
more heavily populated with larger industrial, coimeercial and resident ial
centers located in or adjacent to flood plains. Moat of the Corps ’ 71i
f lood control project s are located in southern New Esgland. Table 1 lists
pertinent data on the flood control system by river basin and Table 2
lists pertinent data for each reservoir.

TABLE 1

Number of
Number of Flood Control Local Protection Estimated

Basin D.A. Reservoirs Capacity Project s Populat ion
~~~ac.tt .) 

~1960)

Rousatonlc(1) 1,911.9 7 76,520 3 500,000
Connecticut 11,250 16 521,010 18 1,61e0,000
Themes 1,11.73 6 1i4O,250 1 310,000
Blackat one 5110 1 12,11110 3 89o, ooo
Merrimack 5,015 5 365,000 5 1,030,000

- TOTAL 1,115,220

(1) All reservoirs in the Housatorij c River b.~in are located on its
most important tributary, the Neugatuck River .

LChlef , Reservoir Control Center , New ~~g1and Division
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TABLE 2
PER TINENT DATA

NED FLOOD CONTROL RESERVOIRS

Drainage Flood Control Storage
Reservoir River Basin Area Ac/Ft Inches

(sq.mi.
Sucker Brook Connecticut 3.4 1, 480 8.2
Northfield Brook Naugatuck 5.7 2 350 7. 7
Conant Brook Connecticut 7. 8 3, 740 9. 0
East Branch Naugatuck 9. 3 4, 350 8.8

Hancock Brook Naugatuck 12 . 0 3, 900 6 . 1

Hop Brook Naugatuck 16. 4 6 , 850 7 .8
Hall Meadow Brook Naugatuck 17. 2 8, 620 9. 4
Mad River Connecticut 18. 2 9 510 9.8
Black Rock Naugatuck 20.4 8,450 7.8
Buffumville Thames 26.5 11 1 300 8.0
West Hill Blackstone 28.0 12,440 8.3
Hodges Village Thames 31. 1 13,250 8.0
Wes tville Thame s 32 .0 (ne t ) 11, 000 6 . 4

MacDowell Merrimack 44. 0 12 , 800 5.4
Otter Brook Connecticut 47.0 17,600 7.0

Tully Connecticut 50. 0 20 , 500 7 , 7
Littleville Connecticut 52. 3 23, 000 8. 3
Barre Falls Connecticut 55. 0 24, 000 8.2
East Brimfield Thames 67. 5 29, 900 8. 3
Thomaston Naugatuck 70.8 (net) 42,000 11 .1
West Thompson Thames 74. 0 (net) 25,600 6. 5

Surry Mountain Connecticut 100 31,680 5. 9
Townshend Connecticut 106 (net) 32, 800 5.8
Colebrook River Connecticut 118 50,200 8.0
Union Village Connecticut 126 38, 000 5. 6
Blackwater Merrimack 128 46, 000 6. 7
North Springfield Connecticut 158 48, 500 5. 8
Mansfield Hollow Thames 159 49,200 5.8
Knightville Connecticut 162 49, 000 5. 7
Ball Mountain Connecticut 172 52 , 350 5. 7
Birch Hill Connecticut 175 49 , 900 5. 3

North Hartland Connecticut 220 68 , 750 5.8
Hopkinton~ Everett* Merrimack 446 (net) 155 , 600 6. 5
Franklin Falls Merrimack 1, 000 150 , 600 2 . 8

* Two reservoirs when pool elevation is below 400 feet msl and
one reservoir when pool elevation is 400 feet mal or hig her
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In ad~lition, we have five local protection projects on four small coastal
streams and four hurricane barriers along the southern New England coast.
Because the flood plains along the main rivers are highly sett led and
developed, reservoirs had to be located on the small , steep tributaries .
(~ir reservoirs range in size from 3.113 square miles to 1,000 square miles
and 21 of them have drainage areas of less than 100 square miles. So you
can see our projects are much smaller than in most Divisions. However,
potential flood damages are very high as evidenced by the $500,000,000
loss experienced in southern New England in August 1955.

The primary purpose of our reservoirs is flood control. Two of the
projects have water supply storage, two have conservation storage and 22
have permanent water bodies which support water based act ivities. In
earlier years , procedures for determining the amount of flood control
storage indicated that 6 inches would be adequate. However, later studies
following the 1955 floods indicated that in most instances 8 inches would
be necessary, especially in southern New England. Therefore, moat of our
newer reservoirs have between 6 and 8 inches of flood control storage.
The only exception is Franklin F~1ls reservoir which has 2.8 inches, con-
trolling the runoff from 1,000 square miles, most of which drains the
slopes of the White Mountains. At the t ime it was conceived in the early
1940’s, it would operate In series with another upstream project . ~~vever,the other project was never built and so Franklin ~~~~ is regulated with
a constant outflow and the amount is dependent upon snow cover and flood
volume.

TYPES OF FIA)ODS

The New England region is subjected to floods In all seasons of theyear. The probability of a flood Is greatest in the spring when the
snowmelt occurs and the rivers are flowing at or near bankfufl capacityfor several weeks . Most of the minor and moderate floods, with the excep-
tion of tidal floods, occur during the spring runoff period and can
encompass the entire region rather than a single basin. Of course , majorfloods also can occur during this period as in March 1936 when the ent ireregion experienced record or near record floods. Th.iring the hurricaLeseason, various portions of the region are exposed to all types of floodswhich depend upon the path of the hurricane, floods ranging from minor
to major can result from hurricane rains • Tidal flooding also is a major
concern in the New England region and flooding can occur during hurricanesand severe coastal storms . Floods occurring in the fall after the foliage
is gone are frequent and could be of sufficient magnitude or volume to
fill the reservoirs . In the winter, floods ranging in size from minor to
major have resulted from heavy rains with thaws which were preceded byfreezing ground conditions and moderat e amount s of SflOW~~11.
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DPITA C0LL~~TION SYST~ 1

A comprehensive data collection network has been established in
order to operate the flood control system. ~~ch dam is equipped with a
voice radio for relaying data to and. receiving instructions from the
Reservoir Control Center. F~ ch dam is responsible for obtaining data
from a group of Index stations either through cooperative observers or
visual observations . This information usually consists of precipitation
reports in the basin, climatologic and hydrologic data at the dam, certain
river stages and general river conditions at strategic locations, both
upstream and downstream of the dam. In addition, NED has a new Automatic
Hydrologic 1~ dio Reporting System which consists of 111 remote reporting
stations. These stations report information such as reservoir level,
river stage and/or precipitation. Two of the stations are used for the
operation of hurricane barriers and report t ide elevation , wind speed
and direction , and barometric pressure . This system is under computer
programmed control and data is received in about three seconds from each
station. Programs developed to date to analyze the data will be discussed
by Mr. Mirick. There Is continuous co~mminication by telephone and teletype
with the U.S. National Weather Service and River Ferecast Center for the
exchange of information. Contact also is established with the USGS, the
USCG and many other State and private agencies for pertinent flood infor-
mation. ~~C also coordinates snow sampling measurements with several
Federal, State and private agencies to determine the water equivalent of
the snowpack and issues on a weekly basis a bulletin depicting snow con-
ditions in the region.

PRESENT REGUlATION M~~H0D6

Most of the NED reservoirs are regulat ed initially to reduce dAmnglng
stages on their respective tributaries and regulation usually is continued
to afford reductions at main stem damage centers. In each basin the design
height of local protective works is predicated upon a recommended system
of reservoirs and in most cases the recommended system has not been com-
pleted . Until the early 1960 ’s, we did not have enough reservoirs in a
single river basin to exert a large amount of control. However, with the
addition of 26 new reservoirs since the August 1955 flood , giving us a
total of 35, we now can cause a substantial reduction in four of the five
basins (Connecticut, Merrimack, Thames and Naugatuck basins) we regulate
for flood control.

With 6 to 8 inches of storage at our projects we can regulate the
reservoirs conservatively during minor and moderate f loods and provide
optimum reductions at downstream damage centers. There would be sufficient
space in the reservoir to store the entire runoff during these types of
floods and emptying could begin after the flood receded to safe channel
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capacity. In a major flood with high runoff we might not be able to
contain the ent ire runoff and without good forecasting and simulation
techniques we may not achieve optimum stage reductions at downstream
(iflLmage centers. All the major river floods (March 1936, September 1938
and August 1955) in New England were unusual but they had one element in
common . ~~ch was preceded by a series of storms that soaked the area with
a large amount of rainfall and set the stage for rapid runoff from the
next storm . Our regulation can be considered in three phases: (a) initial
regulation for tributary dRmage centers , (b) continued regulation for main
stem d~u~~ge centers and. (c) emptying the reservoirs after the flood peaks
have pas~ ed by.

A few illustrations may help explain some of these problems.

Kniglitwille Reservoir. This reservoir is located in the Westfield
River, a tributary of the Connecticut River, and contains 5.7 inches of
storage. Its drainage area of 162 square miles makes it one of our larger
reservoirs. The project is regulated for protection to communities along
the Westfield River and, in conjunction with other flood control reser-
voirs, along the Connecticut River. (See Plate 1). The index station on
the Westfield River is in the city of Westfield where channel capacity
is about 10,000 cfs for a drainage area of 14-97 square miles . Travel t ime
from Knightville to Westfield is about 3 to 6 hours. The reporting net-
work in the basin Includes gaging stations on the Middle Branch (D.A. ~52 square miles), West Branch (D.A. = 94 square miles), and Westfield,
and precipitation stat ions at the dam , Chesterfield and West Cunmington .
In the August 1955 flood, heavy rainfall was centered over the city of
Westfield where a total of 19 inches was recorded in about 36 hours. The
initial alerting report to 1~ C is received from the I~.m Operator when one
inch is reported from any of the rainfall stations. Alerting report s
also are received when certain rivers reach specified stages. Because
runoff in the Westfield can build up rapidly, regulation usually is started
based on 2 or 3 inches of rainfall or predetermined rising river stages
on the West Branch.

On August 18, over 3 inches of rain were recorded at Knightvllle
dam in about 7 hours. (See Plate 2) .  This caused the initial rise and
the gates were closed about noon on the 18th. Another li.4 inches were
recorded at the dam in 6 hours ending 0400 hours on the 19th and. the peak
inflow occurred at the end of the heavy rainfall period. The initial
regulation of this project is based on what is actually happening on the
Westfield River. By noon on the 18th, flows at the tributary index sta-
tiona reached operation stages so Knightvllle gates were closed. There
was not a big enough drop in stage on the night of the 18th to begin
opening the gates and so when the heavy rainfall occurred during the night
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of the 18th and morning of the 19th , the gates already were closed.
Because of the 3 to 6 hour travel time from Knightville to Westfield,
you can understand why we have to regulate almost prematurely in order
to provide stage reductions. Therefore, during our initial regulation
phase, where we regulate for tributary damage centers, there does not
appear to be suff icient time to develop elaborate forecasting techniques.

Although the August 1955 flood developed over the lover third of
the Connecticut River, it produced the third. largest flood at Springfield.,
Massachusetts. Plate 3 shows the relative timing of the flood with the
in! low at Knightville. ~)iring this second phase when we regulate for the
main stem, we should have a tey hours of lead time before decisions have
to be made. It is this phase where we are weakest as tar as developing
forecasting techniques and simulations of various plans of regulation.
For the August flood there was no question that the reservoir remained
closed until the peak passed Springfield.. However, there are other types
of floods which occur in the spring when conditions are not as clear cut.

In the spring of 1969, a record snow cover over all the northern and
central watersheds in Vermont, New ~~.mpshIre and. Massachusetts posed a
serious flood threat to the Connecticut River as the runoff period approached.
The water content in the snow varied from 150 to 250 percent of normal and
water equivalents from 8 inches to 111. inches were quit e general. From the
last week in March through the month of April, a series of five storm
periods, associated with melting snows , resulted in high sustained flows
on the Connecticut River. For 211. days, the Connecticut River at Montague
City was above the alert stage of 22 feet , equivalent to a flow of 52,000
cfs. This was the first significant operation since completion of 11
new reservoirs in the basin and during this period, record. amounts of
flood control storage were utilized at the six northern reservoirs, ranging
from 53 to 71 percent of capacity.

Thiring this period, an event occurred which reveals one of the prob-
lems associated, with reservoir regulation in the basin -- the sudden and
significant effect of the Deerfield River runoff on Connecticut River
discharges. A rapidly moving intense storm spread across southern New
England during 22-23 April depositing 2 to 3 inches in western Connecticut
and Massachusetts. 1~zring the afternoon and early evening hours on 22 AprIl,
when it became apparent that heavy rainfall was occurring over southern
New England, all reservoirs in the basin were either throttled or shut down.
The Connecticut River discharges, which had been flowing at near bankfull
capacity as a result of upstream regulation procedures, started to rise
quickly and in less than 18 hours rose from 80,000 to 103,000 efa at
Montague City, Massachusetts. As can be seen from the hydrographs on
Plate 4, the uncontrolled discharges from the Deerfield River caused most
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of this rise. Although we closed most of the gates at our dams on the
22nd , their holdouts did not have too much of an effect at Montague City.
This brings into account the t iming element and. you can see that the
reservoirs that did a little good were on the We8t River where travel
time to Montague City is not as great as those further north. So this
becomes a critical area where the river can rise above flood stage in
less than 211. hours and. travel t ime from the reservoirs in most cases is
greater than this amount . (See Plate 5).

All major tributaries in Vermont and New Hampshire experienced record
volumes of runoff in April; for example, the runoff was 20 percent greater
than the previous maximum for that month based on over 50 years of record
for the White River at West Hartford . Despite the high volume of runoff ,
the natural peaks on the Connecticut River are estimat ed to be in the
frequency range of once in 5 years. Table 3 lists the reservoir at or-
age utilized during the spring runoff of 1969. It is evident that during
the spring runoff period we need good forecasting techniques and. also
simulation programs to aid In the regulation of large systems of reservoirs.

Another important consideration during phase two of a major flood is
spillway discharge at project s where the government has not acquired fee
or easements on properties above spiliway crest. Regulation procedures
must take into account the adverse effects in the reservoir area if water
is stored above spilivay crest versus the adverse effects downstream if
the water is released through the outlet works.

The third phase of our regulating problem is the emptying of the
reservoirs on the recession of the flood peak. This is fairly easy with
only a few projects, but in the Connecticut basin our 16 projects pose
a problem. We have begun a computer program for emptying the ByStesl,
t rying to maintain an equal amount of storage available at each project.
We still have a long way to go before it is finished, but some of the
parameters include:

Reservoir inflow.
Reservoir outflow.
Immediate downstream channel capacity.
Travel time to Connecticut River downstream control points.
Order of downstream control point s for each dam .
Time at each set of flows.
Reservoir storage at current time.
Reservoir storage at spillvay crest.
Flood discharges at all control points.
Drainage area at all reservoirs and control points.
Predicted precipitation.
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?AILi 3
1969 SPRIW~ RWIOFF

MAXD4UJ4 7L~ct CONTROL STORAG! UTILIZE

)~.ximum Pool1 Storage Utili~.d
Stage Ziev. Ac/Ft Inches Full
(ft ) (ft ,msl)

Connecticut River Basin

Uflion Village 114.2 534.2 20,000 3.0 53*0

North Rartlend 128.2 518.2 114,900 3.8 630*

North Springfiel.d 78.8 530.8 34,000 4.0 68**

Ball. Mountain 197.8 1003.3 42,000 4.6 66**

Townehend 80.3 537.3 22,400 4.0 66*0

Surry Mountain 55.8 540.8 23,000 4.3 73

Otter Brook 82.6 765.6 12,300 4.9 71*0

Birch Hill 22.6 837 6 16,000 1.7 33

Tally 21i.2 649.2 5,200 2.0 211

Barre Falls Insignificant storage utiliied -

rnightville 89.2 569.2 18,400 2.]. 38

Littleville - 540.7 7,550 2.7 330*

Colebrook River - 708.7 148,000 7.6

Merriaack River Basin

Franklin Fails - 349.1 56,000 Li 35

Blackoater - 561.6 314,e-)O 5.1 720*

Hopkinton - 1.05.0 )

) 69,600* 2.7
~verett - 397.1 )

MacDowsil - 930.0 5,300 2.3 42

* Occurred with Uopkintoa elevation at 403.1
and Iverett elevation at 396.4

** New record

Paper ii
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The River Pbrecast Center (RFC ) of the !~ tional Weather Service
forecast s flood st~ ~es for the rivers in New ~~gland. They use unit
hydrograplis and ha correlated storaz rainfall and runoff with average
weekly temperatures. From this analysis, the RFC expanded its fore-
casts to include 12 hour rainfall required to bring certain rivers up
to flood stage. This forecast is issued weekly throughout the year and
is a useful guide. Because the RFC predictions are based on rainfall
that already has occurred, they are not too helpful on the tributaries
that peak at the end of the heavy precipitation.

We have come a long way, completing a real t ime data acquisition
system. !~~~. Mirick will enumerate the programs we have completed to
help in making reservoir regulation decisions . I feel we can and will
obtain excellent results for the minor and moderate floods, but we do
not have procedures worked out for majo r floods with high volumes when
spillwey discharge occurs. Since our reservoir system is fairly new,
we have not gained operating experience for the entire system during a
major flood . It is in this area that we are looking for help to develop
the programs that can be run on our computer in the time frame we have
available to aid in our reservoir regulation decisions .

I

14 Paper 11

-
~~~~ k—---



- - - --
~~~~~~~~~~~ —~~~~~~~~~~~~~ —-~~ --  ~~~~~ - -

~~~

-

COMPUTER PROGRAMS REQUIRED FOR R~~ULATI*~
C(*4PLEX R~~ERVOIR SYST~ 4S FOR FLOOD CO!ftROL

Discussion

Quest ion1 Mr. Matthews: (i) Do you ha ve regulation guides? (2) Are
spiliway s gated or ungated? (3) Do you have resident operators?

Reply, Mr. Cooper: (i) Yes .. (2) Most are gated. (3) yes - they
are under the Operations Division ordinarily and under the RCC
during critical periods .

Question, Mr. Sharp: What is the areal distribution of automated
hydrometeorological stations with respect to damsites.

Reply~ Mr. Cooper: Of the 33 river stations, three are situated upstream
of NED reservoirs and the remainder are on tr ibutaries or along the
main rivers .

- -   J



THE POWER OF A GENERAL-STORAG E DATA ARRAY

By

William A. Thomas1

A general storage data array is a single dimensioned array which
treats computer memory as if it were a large block of space and allo-
cates each variable array to this space by uniquely defining, for both
the computer and the progra~~er, the location of its base element. For
example, the general purpose data storage array, U(5000), could contain
an array of values of elevation vs. storage capacity, a discharge rating
table for apillvay, an outlet works discharge rating table and two rating
tables for auxilary spiliways . These would appear in the FORTRAN as
U(LES) , U(LSR) , U (LOR) , U (LAR1) , and U (LAR2) . Figure 1 illustrates
how these variables are stored.

U (ARRAY)

U(LES ) — Base of data set “LES”
(elevation—storage table)

1st Element

U(LSR) Last Element — Base of data set “LSR”
(spillvay rating table)

1st Element

U(LOR) Last Element — Base of data set “LOR”
(outlet rating table)

U(5000) — Last address in U(ARRAY)

Figure 1. Storing Variables in the U (ARRAY)

~R.search Hydraulic Engineer, U. S. Army Corps of Engineer ., The Hydrologic
Engineering Center , 609 Second Street , Davis , California
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The base element for the elevation—capacity table migh t be 1 or it
~aig ht  be some other element in the U(A2 RAY). In either case (J(LES)
always locates the data for the elevation-capacity table by pointing to
its base element. The base element for the next variable array to be
stored in U can be calculated from LES and the number of values in the
elevation-capacity table . The procedure is repeated until all variable
arrays are stored.

The single—dimensioned array is utilized because it is the “lowest
common denominator ’ to which all arrays can be conveniently reduced . If
the input data needs to be two -dimensional or multidimensional or para-
metric sets of values , it can be so. itoweve r , all are converted to a
single—dimensioned array upon input , and the variables are used as
siagle—dimenaioned variables during the entire program . For example , the
elevation—capacity table above contains two columns of thirteen values
each and would normally be accessed by ELSTO (I ,J). However, in the
U(A}U~.AY) this table would be accessed ~y U(LES + K*(J — 1) + I) where
t~ is 13, in this case , and I and J are analogous to rows and columns,
respectively . This does not reflect additional computations . This
type of conversion will be made by the compiler anyway , and some FORTRAN
compilers produce very inefficient code for multiple subscripted arrays.

— Being accustomed to identif ying variables by their array name , the
programmer may be confused by the above variable definitiçns at first.
dowever, the base element subscript plus the array name provide the
necessary information to uniquely define any variable array for both
the computer and the programmer. It can be described in program documents
and the description is no more subject to change than that for other types
of data structure.

A statement of the author ’s philosophy of the utilization of elec—
tronic computers as an engineer ’s tool will give insight into his reason
for utilizing the general—storage data array . Following this some examples
of specific applications will be cited.

When work scheduled created pressures for results the engineer t radi-
tionally devised procedu res which relied heavily upon his jud gement but
which resulted in decisions that were adequately founded for the job at
hand. Such procedures were Ijob_oriented h and perhaps new ones would be
needed for the next job, but this required only changing a few columns on
a computation for m. Utilization of the electronic computer does not lend
itself to such an approach, however. Computer program development is
expensive and extremely time consuming, and it is often as difficult to
change a completed program as it is to develop one from scratch. Put in
the situation of having the use of a job—oriented ’ program for general
application, the engineer has the pressure, not only of completing studies,
but also of approximating, of simplifying and of transforming portions of
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studies to conform to program stipulations . He must then interpret the
significance of the siniplifications on the results and draw conclusions .
It is not unusual for t~iis effort to so completely dominate the entire
study tha t the engineer feels he is being used by the machine. As a
result many engineers find reasons for avoiding the computer when at
all  possible.

Tne engineer considers that neither developing nor using a computer
p rogram Is an end in i t s e l f ;  it is merely a means to an end . When programs
which will serve his needs are available , the engineer wi l l  use them in
accomplishing his jobs. The unique feature of these programs will he
that they are user—oriented .

.\ systematic procedure for one to follow in moving from t h e Initial
conception to the f ina l  p roduct , a use r—oriented p rogram for  general
app l icat ion oy the practicing eng ineer , has not been adva nced. This
paper does not at tempt  such. However , it is the author ’s op iniu.. that
the most importa nt phase of p rogram development is the ini t ia l  pla- 4 ng
phase. here an overall plan is established for the completed progi
Only port ions of this plan m a y  be implemented in i tally , but having an
ove rall objective provides guidance for developing program logic , identi-
fying functional parts and designing an appropriate data structure for
t i m e present as well as fo r f u t u r e  expansion. Very f u ndamental to th is
concept is the fac t  tha t  fu tu re  expansion is expected and a f l e x i b l e
data structure will be required to accommodate it.

Lime type of program which the author desires , as a prac t ic ing
engineer , is one which  gives the user maximum control over computers .
Its functions should be developed as separate algori thms , and most
a t t rac t ive  are algorithms which can stand alone so the module concept
of program development can be utilized. This would permit the engineer
to utilize subprograms , previously developed , for forming new programs .
One great advantage of such modules is that debugging aids and special
error recovery logic can be built into the basic package. T race and
debugging aids are very important to user—oriented programs . These can
be incorporated into any program , but programming time does not usually
permit it for short life programs . The type of modules that are particu-
larly useful in the water resources area are table search and interpolation
algorithms , input algorithms for data arrays , the calculation of geometric
properties , optimization algorithms , convergence criteria algorithms for
solutions requiring successive approximation , etc. Another aspect of a
user--oriented program is that it can be scaled up or down when necessary
to fit i~roblem and machine size. When modification is required to
a~conmmodate special features of a job , a user-oriented program will permitthe modificat ion to be accomplished with a minimum amount of programming
e f f o r t .  Final ly,  the  input data forma t mu st be convenient to use , the
amount of required data kept to a minimum , and the amount of optional
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data kept to a maximum. Extensive program logic is required to develop
this type of input data f lexibi l i ty, and it should oe developed as a~
algorithm and used for as many input variables as possible in as many
different programs as possible.

Oata handling and related logic are time major part of any computer
program , but it is especially important to a user—oriented program .
The general-storage data array offers many desirable features for  accom-
plishing the type of programs the author is proposing. It permits maximum
flexibility in the utilization of available computer memory without
reprogramming by permitting the user to allocate memory space among his
variables with input data on a job to job basis. Linkage between program
subroutines and between program segments is easily estab]ished or changed
because the number of variables is reduced. Programs may be developed
around the ‘module” concept with assurance that the individual data
structures will be compatible with each other , and programs may be
scaled up or down with ease by just changing the dimension of the U (AItHAY).
The FORTRAN coding for using such a data structure lends itself to future
expansion because data locations are specified as relative to some variable
base element rather than the absolute location of standard type data
structure. ~Jehugging printout and program trace printout can be obtained
easily by printing the entire array if necessary. The following applications
of this concept have proved it to be very useful and suggest that much
wider applications are possible.

En the first application, a period of record , interior drainage
study was made to produce stage—frequency curves for the sutnp and energy
requirements for a pump station for pre— and then for post—project condi—
tions on the Arkansas River. The routing had to account for both gravity
flow and pumping.

The bulk of data was the result of storing , in table form , the informa-
tion shown in figure 2. The storage vs. elevation data , figure 2a, gravity
flow through the culvert , figure 2b , and pump characteristics data , f i gure
2c , all required table look—up procedures. The rating table for the cul-
vert contained river stage as a parameter and the characteristic curves
for the pump required shifting the dependent and independent variables
back and forth from head and discharge to discharge and energy as calcu-
lations proceeded. Memory size and programming time did not permit
utilizing different table look—up algorithms for each situation ; there-
fore , all variables were stored in the U (ARRAY ) and a single table look—up
algori thm was developed .

Linkage between the main program and the table search subroutine was
accomplished by putting the U(ARRAY) in common and transferring the proper
base element locater and independent-dependent variables at the call
statement as follows :
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Main Program : COi’fl’ION U(l000)

CALL TBs(Ix, I Y , Nx , NP , LBE, X, Y, P, F)

Sub routine : SUBROUTLIE TB S(IX , IY , NX , NP , LBE , X , Y , P , F)

COM’ION U(l000)

where IX — column number of independent
variable in multi—column array

Fl column number of dependent
variable

= number of (X Y) points in table
NP — number of parametric curves (sets

of (X,Y) points)
LBE — location of base element in

U—array
X • value of independent variable
Y value of dependent variable
P value of parameter
F flag Information

VLR STAGVI
V

~

SUMP VOLUME CULVERT DISCHA RG E - GRAVITY FLOW
(a) (b)

PUiIP CHARACTER ISTICS
(c)

Figure 2. Basic Data for Interior Drainage Study
Paper 12
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The river stage was furnished to the table search subroutine for that
t ah ie  requ i r in~ i t  as a ‘arameter , and the co l umn numb ers of the dependent
and independent  var i ab le  to be considered in the mu l t i — c o ’u m n  ta 1e of

~~~~ c~m ara c t e r i st ics  was fu rn i shed  a lso.  T h e  p roc edure  worked n i c e ly .
The t able sea rch subroutine was developed into a “modul e that has been
used in seve ra l other  app l icat ions wi th  no reprogramming except to chan ge
t ime s ize of the L (Ai-U1 \Y) to f i t  requi rements  of th e  caU in~ pr o~;ra mn . An
add i t ional  discharge r at  ing curve was later added to simulate a’iother
o ut l e t , and it only required es tabl ishing do loops whose l im i t s  were detiiw~h
by the number of ou t le t s  desired.  Lim e new d isch arge  r a t i u~; curve did  not
have to e param et r i c .  In fac t  • w i t h  the do icops d e f i n ed by the numt,er
ot  ou~ 1ets w i t h  input  data , any number  could be s imulat ed  with no addi—
t iomal  prog ramming .

A routiu~, situation involving two reservoirs connected by .i canal
r equi red  special stud y for  desi gn memo randum purposes.  fh ie  o u t l e t  s t ruc tu re
was located in one reservoir and time emergency sp il lwa v in the o ther .
t~ecause ot  tim e large number of var iab les  involved and t ime possI~~ilitv of
modif y ing the general arrangement  ot f ac i l i t i e s  during desi~ n s tudies , a
~,eneral -sto rage data  s t r u c t u r e  was developed. ‘fhie freedom of v a r y i ng  array
si.~e to fit the study permi tted the inves t iga t ion  of several  d i f f e r e i it
plaas without reprogramming by ma ’t~in~. maxi mum use of the  memory ava ilab le .
Ibis is not a ~encra l  app l i ca t ion  p rogram , ~ut  it is iser--oriented because
the table search subrou t ine  and much of time inpu t  a1 ,,~o r i t i m m  f rom the  f i r s t
ex ampl e  we re used here also .  Ibis reduced programming t ir ’e to t i iC point
of nia~ in~ it feasible to utilize the computer in th is study . Ibis PULS
rout  ing was not performed from S + Q/2 curves like example 1 was • bu t  no
cbin ~e to the nasic  data s t ruc tu re  was requi red  to use tim e table se;mrchi
rout  inc .

‘l’he most complicated p roblem to which t ime  author  has .-ippl ied t i m e
co n cept of general - -s torag e data  ar ray  involves sedim ent  d i s t r ib u t  ion in
a reservoir .  Liecause ci t u e  cctr.plex r e lat ionsh ips between hy d r a u l i c
pa ramete r s , sediment load and grain size amid the influence tha t the
cu :nposi t ion of th e bed has upon the sediment  t r anspor t  r e l a t i onsh i ps .
it was not poss ib le  to determine in advance bow much space should he
a l loca ted  to each of t hmc va r iab les  involved. fime s ize of t ime overa l l
ro~ ram necess i tated s e g n e n t z m t i o n , .mud a s i m p l e  1 tmik ~i~ e wi th  good

~1coU g g if lg  f e a tu r e s  was desi red . To avoid the P o s s ib i l i t y  of having
to rep ro gra i m to accommodate minor ciiamges , amid to p rovide good l inkage
to r segm enta t ion , two bene ral data a r rays  were es t ab 1is ime~m . One consisted

~
.r i a ar i ly  of c o e f f i c i e nts  and var iaules  de f i ned  at i n i t i a l  input  and
retained throughout the entire run and time other consisted of values that
we re cimang ed each computat ion cycle. The data st r u c t u re  that  was develope¼
pe rm i tt ed  time ana lysis or up to S gra in  sizes for  up to 10 discharg es  1mm a
set and th roug h 7 reaches of time r iver .  However, if ve r i f i c a t i o n  of the
m~ 1el had dictated , these numbers could have been adjus ted  to any other

L 

cohm~JL mm aticn as long as their sum did not exceed time total rme L ’mo rv
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space acquirt u i v  time U (. \ i thA Y ) .  ~ m c r e su l t i ng  program was adapted to
tue job , ra th e r than requi r ing  t ime  stud y  be mo di f ied  to f i t  the ri g id
requ i rements  of time macn ine .

The f l e x i b il i ty  of tais desi g i  was of great value later when a
comp letely d i f f e r e n t  sediment t ranspor t  r e l a t io n simi p was inco rporated
in to t~ e prog ram . The ori g inal  t ranspo rt  m c l . mt t o n s h i p  r equ ired 3 variables ;
the new one required b var iables,  ti m e t r a n s i t i on  was made by ci ma ng ing
the base e L e . ~e mi t  locat ions to account fo r  t ime proper number  of variables .
~~o ch .mn ge s  we r e  required to t i me s tatements  ac tua l l y using the va riables ,
necause base element names d id  not change.  Sta tements  were added to perform
l inkage w i t h  the new algo r i thm .

in Summary

In the f i eld of hydraul ic en gineering , studies deal in both the t ime
and space domains . Functions are represented as arrays of descrete values
and integration and differentiation are accomplished by numerical techniques.
i~me number of gage loca tions , controls, tr ib utaries and damage centers
change from project to project and the amount of detail requi red changes
from study to study. ~ large nu~m;ber of variables are involved and their
importance , relative to eacim other , changes from job to job . Data storage
and manipulat ion is a m a j o r  par t  of any computer  program .

Coniputer applications are still in tue early stages of development
and changes to exis t ing prog rams are cons t an t ly  in demand . Time onl y way
to make progress is to c a r e f u l ly  ~t-si~.n pr o~~r am s according to a compre-
hensive plan and provide for future expansion. Avoid reprogramming
whe re possible and minimize time e f f o r t  f o r  accomplishing unique studies
by designing a simple data s t r u c t u r e  tha t  is flexible to changes in the
number of variables as well as time a~, e u nt  of data that can be used to
define a variable. The general-storage data structure offers not only a
flexible data structure but also causes a more f l ex ib le  type of p rogram
logic to result by inv i t ing  i t e ra t ive  computat ion locic which does depend
upon knowing that the absolute location of data is in e lement  1 of an
array . therefore , changes and additions can he accor’mpli shmed with much
less programming than is required for L a o  more rigidly specified data
st r u c t u r e . ihe user can translate tim e program fro m one machine to
another , scale it up or down to accomplish most e f f f c i en t  use of memory
spa ce , develop subrout ines  as modules ’ with  assurance that the i r  data
structures will he cotmp ;mtiole and assign the Length of variable arrays
at execution time with no special  r e q u i r e m e n t s  to input data. The
results arc programs d m i c 1 m  can he app l i ed  to j oas  w i t h  the sensat ion
tm -mat tim e mlc~ii ime is a tool of t ime user ra th er  than the user a tool of
timC uaci m lim e .
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TEE POWE R OP A GENERAL-STORAGE DATA ARRAY

Discussion

Co
~~

ment, Mr. Beard: The technique of combining data in a single—
dimensioned array can be applied to computed quantities , as well
as to input data. The EEC—i package has a good example of this ,
where hydrographs for possibly 5 locations, 4 plans of development,
and 9 flood sizes can be carried in storage. With 150 ordinates
per hydrograph, this takes 27,000 memory locations. This inforizmation
was formerly stored in a triple—dimension array, but is now stored in
a single—dimension array, allowing great flexibility in combinations
of numbers of locations, floods, plans and ordinates. Of course, it
is especially important to have a program check for exceeding
dimension capacity, because the user can easily exceed the capacity
inadvertently.

Reply, Mr. W. Thomas: It was not the author’s intent to limit use of
the general—storage data array to input data. The same variable
names used to input data are also used in d,~a manipulation,
computations, linkage between various subroutines and linkage with
secondary storage. Values in these storage locations may be
initialized bj input data but changed many times during the
execution of the program.

Question, Mr. Mirick: Why confine this data array concept only to
core storage area, instead of disk file area?

Reply, Mr. W. Thomas: It was not intended to imply that this data
structure was limited to the computer memory. It is appropriate as
a basic data structure in both internal and external storage.

___ _ _
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C~~~~~7~ER PR0GRA1~~ USED TO COLLECT, STORE
AND ANALYZE W~TA RECEIVED FROM TEE N~ I

ENHAND DIVISION A~.7?ONATIC HYDROLOGIC
RADIO REPO}~l’I~~ SYST~~

by

I~ bert Mirick~

INTROD~XT ION

1. PURPOSE

There have been discussions at this seminar on the advantages and
disadvantages of closer contact between the programmer and the computer.
The program I Will describe is designed for reservoir regulation per-
sonnel to operate an I~ 4 1130 computer to interrogate , tabulate and plot
hydrologic data during the progress of a flood.

2. DESCRIPTION OF SYSTP~4

The New ~~gland Division improved the speed of receiving, analyzing,
end comput ing the large volume of river gage, tide gage and reservoir
data so that opt imum regulation procedures and control can be achieved
at aU times. With the aid of an Automatic Radio Interrogation System ,
combined with a computer and plotter , this has become a reality. The
reporting system for relaying hydrologic and meteorologic information
into a 16K, 1130 I~4 computer was officially dedicated on January 5, 1970.
The system was designed and built by Motorola, Inc., under the auspices
of the New ~~g1and Division Corps of P~gineers, for the Reservoir Control
Center (RCC) in Waltham, Massachusetts. It contains four relay stations,
twelve repeater stations, forty-one hydrologic data reporting stations,
and five remote telety-pe receiving stations.

In order to interrogate these stations, an identifying signal from
the Motorola interface data control unit is initiated by an 1130 com-
puter program for each of fort y-on. hydrologic stations • Each remote

station then transmits back one to four parameters or information. The
two coastal stations report t idal stage, barometric pressure, wind veloc-
ity and wind direction, and th. remaining thirty-nine stations transmit
river stage and/or precipitation. ~~ur of these stations transmit rain-
fall and river stage and one transmits rainfall only. Since the path of
transmission by necessity is line of sight , data from some stations are
transmitted through a repeater station and then through two relay sta-
tions before arriving at Waltham, thence through an interface to the

:LReservoir Control Center , New ~~gland Division
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computer files and printer. The original signal that leaves RCC is
modulated and demodulated, in some cases nine different t imes after it
leaves the computer, until it get s to the remote data site. Total time
elapse per stat ion interrogation and. return is about three seconds unless
no answer is received, then three more attempts are made before proceding
to the next station in the program sequence. In addition to the stations
described above, individual basin data and computed informat ion can be
sent out to five separate remote teletype receiving stations. Theseteletype stations are also in the programming sequence controlled by thecomputer so that pertinent alarms , as well as basic and computed data ,can be automatically sent to the teletype stations day and night.

The Reservoir Control Center can also send typed messages to any ofthe teletype stations if desired . The damtenders, however, have only
two options at their teletype stations: (1) They can comeunicate byvoice through the system to the computer room at Waltham. Voice comeuni-cat ion is in fact possible from any radio gaging station to the Motoroladata control unit at Waltham. (2) They also can interrogate a limited
number of stations for basic data only.

INTERRO~~TION PROGRAMS

3. PROGRAMS SUPPLIED BY MOTOROLA

a. General. The original software package and prograeming for the1130 computer to control the interrogation system was supplied by ST’SAssociates, Inc., lbrt Lee, New Jersey, through Motorola, Inc. Thisconsisted of a software real time scheduling monitor, an interrogation
program and a teletype sending program.

b. Monitoring Program. Real t ime monitoring and control of the
— interface was accomplisheUby the mainline program .

c. Interrogation Program. Other interrogation options and controlswere initiated by subroutines.

(1) Options. The original options supplied were :

(a) Enter t ime and day of year.

(b) Print out time and. day of year.

(c) Interrogate any single station by entering itsstation on the keyboard.

(d) Interrogate all stations in a programmed sequence.
(e) Enter t imes for automatic interrogations .
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(f)  Automatically interrogate all stations at the t imes
entered.

(g) Send a single teletype mcssage .

(2) Subprograms. Other subprograms not directly controlled by
the subroutine were :

(a) Interrogation Printout Subroutine. This routine printed
out the station number, time, river stage and/or rainfall for 39 stations
and t idal stage, barometric pressure , wind velocity and direction for the
two coastal stations • A battery “charge alarm” and. “no report” messages
were printed when applicable .

(b) Time Delay. Interrogation and teletype signals
required that the computer be delayed in carrying out its next programmed
instruction until the mechanical and/or electrica l, and radio transmissions
were completed. These were accomplished by a time delay routine in assembly
language called from a fortran subprogram.

(c) Time. A time rout izie maintained a record of day of
year, hours and minutes and the variables were in common through all sub-
routines that used the common area.

(d) Interrogation Time Isoping Subroutine. This subprogram
continually refre shed itself by calllng a routine which recalled the
looping subroutine back again. This process continued until t ime of day
coincided with any one of the interrogation times entered , or a console
switch was thrown which would return control to the keyboard options.

d. Teletype Program. A third package supplied was the teletype
routines called from the control subprogram. Initially, this sent one
preset test message to any of the five receiving stations.

~~. N~ J ENGlAND DIVISION PROGRAMS

a. Files. At the present t ime, the interrogation programs have
been expanded to meet the needs of the Reservoir Control Center. Six
existing files used for plotting reservoir data on a Calcomp 502 plotting
table from card input have been expanded to include the lêl stat ions of
the Automatic Interrogation System. These files are as follows:

(1) File 1 contains the station number, station name, drainage
area, alert and flood stage, stage-discharge and, stage-capacity tables
for reservoirs for a selected stage increment for every station. Inter-
polation routines compute the discharge or capacity from these tables.
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(2) File 2 contains station number and plotting scales for stage,
discharge and time.

(3) File 3 contains plot sheet number and station arrangement
on one to ten sheets.

(ii.) Film l~ and 5 contain the station number and last file read
and last file plotted, respectively.

(5) File 6 contains the station number and from 1-200 back
readings of each station . The readings include t ime, stage, discharge,
precipitation (or outflow and inflow ) and an alarm message. One of five
alarm messages or a blank is compacted with the precipitat ion parameter
on file, so that these messages can be printed or sent out on the teletype
at a later time.

(6) A seventh file was set up on a separat e file di sk for long
term storage of stage data. The stage and time only are stored in two
words. This t ight compaction allows about 1/li. million readings or four
years of data on one disk. If a more permanent storage is required in
cards, a “dump” operation from disk file to card output in binary can be
performed .

b. Present Programs. The present interrogat ion program contains
most of the original options, but most of these options now have sub-
options. To start the program, a basic operating data card is read after
execution. This card contains all interrogation t imes and other data
needed to operate for normal conditions • If different interrogation times
or controls are needed , the changes can be made by this card or by key-
board options. Program options are as follows :

(1) A single station scan can be printed and put on or off files.

(2) An all station scan can be printed and put on file.

(3) Enter day of year and t ime of day. This is the only option
that has to be entered by keyboard with every loading of the program.

(4) Enter 8 interrogation times, zone control, and rainfall
tolerance. The 8 interrogation times are in such a manner that if the
first four are tested against time only then the system will interrogate
all stations every 6 hours. If all 8 t imes are tested , then 3 hour read-
ings can be obtained. Zone control permit s intermediat e interrogations
of the two coastal stat ions or two of the larger basins on any t ime incre-
ment , iii minutes, provided it will divide evenly into any one of the all
station scan intervals. Reinfall tolerance, the last entry , will cause
all data to be sent out to the teletypes . If the tolerance is exceeded ,
its value will be reduced by ten percent .
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(5) Automatic all station scan at four or eight interrogation
times per day will be made with or without intermediate scans of the two
coastal stations or two river basins . At the completion of an automatic
all station scan, data from one or two key index stations will be sent
to each of the five teletype stations . Both calculated and observed
data are sent from the last reading just put on file . If no reading was
received from that station, a no report message is sent along with the
previous reading that was received. Any alarm reading will cause all
stations to be sent instead of the single index station. These alarms
are as follows:

(a) “FSTG” - The reading of stage is at or above flood stage .

(b) “WARN” - The reading of stage is between the first alert
and flood stage .

(c ) “RAIN” - If the difference in rainfall total at any
of the five precipitation stations exceeds the rainfall tolerance, the
tolerance will be reduced by one-tenth, or by two-tenths the tolerance
if twice the tolerance is exceeded . Whenever the tolerance is cut below
.22 inch, 3-hour interrogations will be init iated. A warning stage will
cut the to). rance to .24 inch of rain. Any further rain alarm will set
the system to interrogate every three hours instead of six hours • A
flood stage will also set the system for three hour interrogations and
cut the rainfall tolerance to under one-guartbr inch .

(6) The first line of every automatic teletype contains ident i-
fying asterisks followed by the current information on:

(a) The last station to cause an alarm on the system;
“0” if none .

(b) Time in day of year, hour and minute.

(c) Day of month.

(d) Three or six hour intervals for all station scans.

(e) ~~infall tolerance in hundredths of an inch.

(7) A utility program for the fi les was developed out of a
listing program. )~.ny different options of listing back data from file
and resetting overlapping and correcting any files were developed . Any
number of back readings (from 1-200) for a single or all stations in a
basin can be listed. Even a simp le listing of data cards was found to be
a useful subprogram to add to this subroutine.
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Additional internal routines have been added and some existing ones
altered , as follows:

(a) The interrogation printout subroutine includes the
checks for flood and warning stages, rainfall, nonvalid and no reports.
It prints out the current file number, station name, time, stage, dis-
charge, discharge per square mile and precipitation if included. The
routine also keeps track of the last file number for each station and
enters the data on the next file.

(b) The interrogation t ime looping subroutine not only
selects the correct time for interrogations, but controls the order of
stations reporting.

(c) Zone control determines the correct t ime to interro-
gate intermediate coastal or dual basin scans such that the all station
scan will go off at the prescribed times, regardless of the time when
the program was initiated.

(d) Interpolation and. extrapolation routines calculate
discharge or reservoir storage from tables on file.

(a ) A data transfer routine will move interrogated stage
data and the computed discharge for six of the uncontrolled dams to a
different tile number and location so that reservoir capacity tables may
be used for computing inflow and storage available. These latter file
station numbers should be used when setting up the reservoir data plotting
program. This transfer is performed by a special subroutine that is now
called once daily after 7 a.m. to keep these files updated. The rat ing
table that is used to compute the outflow for these uncontrolled dams is
interpolated between table values on a straight line basis except for the
first increment which interpolates using the weir formula. This gives
closer results for low flow readings, especially over a weir or small
spillway .

(t) A calendar routine will print out the day and month
when given the day of the year.

The teletype subroutines are separate but can be entered by the last
option. They can send typed messages from the keyboard or from the card,
and the routines can be used to send any number of back readings on file
similar to the listing routine in the utility subroutine. These are the
routines that are called immediately after the automatic all station scan.
Internal subprograms used in the teletype are:
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(a) Convert alpha characters to teletype code .

(b) Convert real number values to teletype code.

(c) A control routine switches the sending from one
teletype station to the next , sending only the stations that are locat ed
within the basin or adjacent to where the teletype is located.

(d) A looping subroutine sends one character at a t ime
until a single line of teletype is complete.

Since a teletype is not set up in the computer room, a service
interrogation program in core image was developed . A short but fast
executing program was reqj.~ired so that service test ing or a quick stage
reading could be made without changing a disk in the console. No files
were used and only a repeat ed single station scan was needed . Rowever ,
a reading cannot as yet be obtained while another program is in operation.

RESERVOIR WtTA A1~D RIVER GAGE PLOTI’ING PROGRAM

5. GENERAL

A reservoir data and river gage plotting program was developed prior
to the introduct ion of the interrogation program. lAie to inconsistent
common areas and limited core storage, they have not been combined . This
program will plot the stage and/or discharge hydrograph for any river
gage on the interrogation system files. It will also plot the pooi stage,
outflow and inflow for any of the flood control dams controlled by the
New England Division. The input for all stations is from either card
input for most of the dams or automatic input following each interrogation.

6. PROGRAM OPTIONS

Similar to the interrogation program, several options are typed on
the typewriter.

a. The first option is for entering input by -~ard or keyboard .

b. The sheet number, tit le and layout order for nine box outlines
are entered by card or keyboard. ~~ch graph is loca’ ed in the proper box
by entering the station number in proper reading order. Two or three dis-
charge hy~.rographs can be plotted in the same box on th~ same scale by
entering each additional station by its negative number and a different
symbol is automatically plotted with each graph.

c. Plot the box outline and print all titles £~r ~~ sheet nu—’
~er

entered above.
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d. Read the axis data for all stations and place on a file the
starting unit and units per inch for stage, discharge , and time . A zero
units per inch causes a bypass to the next scale or station in the scale
layout of the graphs.

e. Plot all axis data for each box outline on the sheet.

f. Enter reservoir data on card or keyboard, line at a time, reading
station number, day, t ime, stage and discharge.

g. Plot all reservoir and gage data that will fit within the con-
fines of the box outline for each reservoir or gaging station and in
accordance with the given scales. Any plot point that would tall outside
the box outline is omitted. This process assures that only the range of
dates selected will be plotted as well as screening outside non-valid data.

h. Plot eli new data from the previous plotted data. This option
saves the time of plotting each location from the beginning each time a
new set of data is entered.

i. This option is used for changing the t ime scale only, for all
the stations. This allows all the vertical scales and tit les to be
plotted or reproduced on sheet s to be ready in the event of a rapidly
developing flood. Only the t ime scale has to be plotted after all sta-
tion time scales have been set for the starting time and days per inch.
The time required to plot all full sheets with titles and scales could
run 3/k hour . A sheet that is already ].ayed out should not take more
than ten minutes to plot time scales and hydrographs.

j. This option is used for changing the sheet on the plotting table
and relocating the pen origin.

k. The last option calls in the same utility program used in the
interrogation program using the same suboptions for listing or altering
files.

SU)4IARY

7. G~~ERAL

It is possible to expand the interrogation system to 99 stations with
the available storage and existing hardware. Meanwhile, it may be nec-
esse.ry to economize on storage if new subroutines are added . To date,
all but 286 words of the 16 iC of core storage are utilized by the present
main line program and subroutines.
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Although it would be desirable to combine as many programs as pos-
sible with real time features of the interrogat ion program, core storage
area is a limiting factor. We are investigating the possibility of
multiprogr~~~fng capabilities for the ~~4 1130. In fact , ]B4 is preparing
a p.c~~ge to go with their new System 7 computer which will be available
in the fall of 1971.
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COMPUTER TECH!ITQLJES USED IN
A MASS DATA ANALYSIS

By
0. M. Thoma s1

INTRODUCTION

During the 1970 fiscal year, the Geological Survey undertook and
completed nationwide studies of the needs for streainflow information and
of the adequacy of available streainflow data for meeting the needs . The
objective of those studies was to design an efficient program for pro-
viding needed information. The studies required extensive use of com-
puter techniques to as semble and analyze the large mass of streamfiow
data that has been collected over the past 70 years.

The purpose~of this report are to describe some of the computer
techniques used in those studie s and to announce some of the study
products that will be useful in future hydrologic investigations.

Streamfiow information evaluation studies were performed in each
Water Resources Division (wRD) district office except }~waii. A pro-
ject leader was selected in each district who was familiar, with the
gaging program and with streamflow records, but the experience of these
leaders in analytical procedures and in computer methods varied widely.
It was necessary therefore to provide a carefully prepared and detailed
set of instructions on the desired methods of analysis and on the methods
of using computer programs. In addition, a senior member of the Regional
or Washington, D.C., headquarters staff was assigned to each district to
advise on the analysis and to expedite and coordinate the work.

Nearly all of the machine data assembly and analysis work was done
on the Geological Survey ’s computer system. The primary features of this
system are on IBM 360 /65 central processing unit located in Washington,
D.C., with major terminals located in Rolla, Mo., Denver , Cob ., and
Zlenlo Park, Calif. Very little additional computer related equipment was
available to district personnel. Perhaps six districts had access to card
punching equipment, and a few additional districts had the special type-
writers needed for preparing typed input to an optical character reader.

Because of the large mass of data analyzed, the variability in ex-
perience of the project leaders, and the general inaccessibility of the
project leaders to the computer system; this ~treainf1ow evaluation study
provided a unique experience in computer applications.

~
‘I~rdro1ogist, Surface Water Branch , WRD, Geological Survey, Washington, D.C.
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In this report the overall framework of the streamflow evaluation
studies will be described first, then the computer techniques will be
discussed, and finally some products of the study will be announced.

STREAMPLOW DATA EVALUATION ~€TIIODS

Methods used in the study of streainflow programs will be described
only briefly. More detailed description has been provided by Carter and
Benson (1970) and in reports for each WRD district except Hawaii.

The study consisted of four steps: (1) establishing program goals
in a quantitative form, (2) assessing the adequacy of existing data for
meeting those goals, (3) considering alternate means of meeting goals
for which available data are insufficient, and (Il.) proposing the most
efficient possible future streaznflow information system. Another feature
of the study was that all streaniflow data was considered to be of four
types: (1) data for current use, (2) data for planning and design,
(3) data on long term trends, and (1#) data on stream environment.
¶L~ble 1 shows the study framework.

Current Use Data - The goal for current use data; which is data needed
for management, assessment, or surveillance; is to provide gaging records
of any desired accuracy at any necessary site. In the evaluation studies
the current use of data was determined for all active gages.

Planning and Design Data - Statistical characteristics of flow may be
needed by planners and designers at any point on any stream . The goal
is to provide these data with an accuracy attainable from 10 years of
observ ed record on minor streams and with an accuracy attainable from
25 years of record on major streams.

Since it is impossible to operate gages at every point where data
may be wanted, a method is needed for transferring information from the
sample of gaged points. Different transfer methods are used for natural
and non-natural streams.

On natural flow streams, multiple-regression relations defined be-
tween a flow characteristic and drainage basin characteristics provide
an effective method of transferring information. Once the relation is
defined, basin characteristics above an u.ngaged point may be determined
and. used in the relation to estimate the flow characteristic. A measure
of the accuracy of such estimates is provided by the “standard error of
estimate” .

In the data evaluation study, multiple-regression relations were
defined to estimate a wide range of flow characteristics. The accuracy
of those relations was then compared with the accuracy obtainable f rom
10 and from 25 years of observed record. If the regression estimates
were found to be of equal or superior accuracy, then the available data
were considered adequate to meet the goal.

2 Paper 14 
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For non-natural streams a systems model approach will be required
to iefine flow cha racteristics. Definition of systems models for all
regulated streams was beyond the capabilities available for this study,
so the evaluation was limited to setting priorities for future stream
studies and assessing the amount of available data in the system.

Long-term trend Data - Long-term, homogeneous flow records are needed
for time-series analysis and for adjusting nearby short-term records.
In the evaluation studies, the long-term records of natural-flow streams
which are expected to remain in a compa rable future condition were iden-
tified and from this group about 1450 gages were proposed for indefinite
future operation .

Environmental Data - Environmental data includes a broad category of
information such as flood prone area delineations, flood profiles,
time-of-travel, drainage basin characteristics, and so forth. In the
evaluation studies, the needed types of environmental data were deter-
mined , and plans proposed for providing it.

COMPUTER TECHNIQUES

Computer techniques used in the evaluation studies were concerned
‘dth judging the adequacy of available data for providing planning and
design information. The steps taken in the study were: (1) expansion
and creation of data files, (2) computation of flow characteristics
i ’rom the data files, (3) definition of basin characteristics, and
(1i~) multiple-regression analysis using flow characteristics as depen-
dent variables and basin characteristics as independent variables.

Data Files - Two data files, the daily discharge file and the flood peak
file, provided input to a set of computational programs used to evaluate
the statistical characteristics of a streamflow record.

A sequential, magnetic tape file containing about l~5, 0OO station-
years of daily discharge record existed at the stait of the study.
During the study, 23,000 additional station-years of record were merged
into the file. The file now contains all daily records over 10 years
in length (through the 1967 water year) for all natural or virtually
natural flow sites and for all regulated flow sites where monthly flow
value s can be adjusted on the basis of storage and diversion records
to represent natural flow conditions with an error of less than 10
percent.

Three techniques were used for enterin~ daily discharge records
into the file -- punch cards , typed sheets for  use with an optical-
character- reader , and a 7/8- inch wide , 7-cha nnel , paper tape created
by an add-punch machine. Most data were handled by punch cards and to
the extent possible in-house punch facilities were utilized, although
some cards were prepared by commercial firms. A few district offices
prepared relatively small data batche s by typing. The add-punch tapes
are ineff ic ient  and we re not used extensively . 
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All data were accepted by a 10-point edit program before being
merged into the tape file. The inclusion of monthly and annual runoff
totals in the data stream greatly facilitated the location and correct-
ion of data errors.

A new data file, the flood peak file, was created during the study.
This is an index-sequential file on magnetic disk and contains informa-
tion on the gaging station number and name, drainage area, stage datum,
and for each water year it provides the date, stage, and discharge of
the peak flow, the date and annual maximum stage if for a different date
than the peak discharge date, and a system of codes about accuracy,
qualifying information, effects of regulation or diversion, and his-
torical information.

Creat i on of this file was a major undertaking. All flood records
over 10-years in length and published in Geological Survey reports were
entered into th~ file by the typed optical-character-reader method . The
number of gaging records has not been counted , but is believed to exceed
12,000. A listing of the file data was sent to di strict off ices for
checking before the data were used in computational programs .

Computation of Flow Characteristics - Statistical flow characteristics
were computed from the data files by three library programs . Each pro-
ject leader was instructed to inspect closely the prog ram output for
possible data errors and also to adjust computed flow characteristics
as necessa ry on the basis of historical information or data “outliers”.

Programs used in computation of flow characteristics were : (a) - Stream-
flow Statistics (A969) - This program provides magnitude-duration-freq-
uency characteristics of daily discharges. Basic output is (1) tables
of daily flow duration, (2) tables of highest mean flows for 1, 3, 7, 15,
30, 60, 90, 120, 183, and 365 or 366 consecutive days in each water year,
and (3) tables of lowest mean flow for 1, 3, 7, 114, 30, 60, 90, 120, l*~,
and 365 or 366 consecutive days in each climatic year. Optional output.
may be provided for any duration of highest or lowest flows and includes
several stat istics of natural and log-transformed data , coordi nates of a
log-Pearson III frequency curve, and a plot of the data and computed curve.
()~ - Flow variability (w141422) - This program computes statistics des-
cribing the annual and monthly characteristics of a flow record. Output
includes means , variances, standard deviations, coefficients of skew and
coefficients of variation. Also provided are the first-order serial cor-
relation coefficient of annual flows and a matrix of serial correlation
coefficients for monthly flows with lags of one, two and twelve months.
Options allow computations on natural and log-transformed data. Cc) -
Log-Pearson ‘i~rpe III ( w14oi14) - This program fits a Pearson type III pro-
bability distribution to the base-1O logarithms of peak flow observations
and provide s related stat istics. A line-printer formed plot is prov ided
to visually check the f i t  of the computed curve to the data points. —
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Computation of Basin Characteristics - Several drainage basin character-
istics were defined for about 6300 gaged sites with define’), flow charac-
teristics. These basin characteristics were ones that might logically
be related to areal differences of flows and ones that could be defined
from readily available maps or tabular data. As a minimum the defined
basin characteristics included basin size, main channel length and
slope, lake and pond areas, forested area, mean elevation, annual precip-
itation, and precipitation intensity. For northern sites average January
temperature and a snowfall index were defined. Soil Conservation Service
soil scientists provided information to define a soils index for all
basins in most districts. Additional indices of climate and topography
were defined in many districts.

Regression Analyses - Stepwise multiple-regression analysis was used
to define relations between a flow characteristic as the dependent
variable and the basin characteristics as independent variables. The
standard error of estimate of the relation containing the most indepen-
dent variables that were all significant at the 5 percent level was used
as the estimating accuracy for comparison with the accuracy attainable
from 10 or 25 years of observed flow records.

At least 37 flow characteristics covering the range from lowest
to highest flows were each used as dependent variables. For simplicity,
the relations were assumed to be linear when variables were transformed
to logarithms.

The regression analyses were performed with a group of interlocking
library programs known as STATPAC. Geological Survey programmers pre-
pared STATPAC for the reduction and statistical analyses of data present-
ed in the form of a two dimensional matrix. For the data evaluation
studies, the data matrix consisted of flow and basin characteristics in
columns with each row containing data for a gaging stat-ion . The data
matrix was prepared on punch cards.

The analytical procedure used in most studies was Lo first define
district-wide regression relations for selected flow characteristics.
The areal distribution of residual errors were then studied to suggest
additional basin indices for use as independent variables, or to suggest
areal groupings for which the relations should be 1.efined. Regression

-
j 

relations were then defined for all flow characterfttics usini~ additional
basin indices or selected areal groupings. This process was repeated
until the project leader was satisfied that the relations were as refined
as possible.

PRODUC~~ OF THE STUDY
The primary product of the data evaluation study is a program

proposed for efficiently providing needed streamflow information. There
are, however, several additional products that will be useful in future
hydrologic investigations. A few of these products are:
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(1) An updated and expanded magnetic tape data file which now contains
daily discharges of all except the highly regulated flow records more
than 10 years in length.

(2) A new data file of annual flood peak information.

(3) Flow characteristics describing the daily, monthly, annual, and/or
flood peak characteristics for all sites with more than 10 years of re-
cord on virtually natural flow.

(ii.) Indices describing the topographic and climatic characteristics of
over 6300 drainage basins with 10 years or more of virtually natural flow
records.

(5) Regression relations that may be used to estimate flow characteris-
tics needed by planners and designers for ungaged. natural flow sites.

(6) Experience and competence in each District office in analytical
and. computer techniques.

SUMMARY

The Geological Survey has completed a nationwide study of stream-
flow information needs, of the adequacy of available data for meeting
those needs, and of an information system to provide for future infor-
mation needs.

Only through computer techniques was it possible to assemble and
process the large mass of existing strearxflow data and then perform an
objective analysis of those data.

Although the primary product of the study was the design of a
streaxnflow information system, some byproducts of the study will be help-
ful in future hydrologic investigations.

REFERENCES

Carter, H. W., and Benson, M. A., 1970, Concepts for the design of a
streamflow data program: U.S. Geol. Survey open-file report.
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Discussion

Question, Mr. Mirick: Is flow duration done on a seasonal frequency?

Reply, Mr. Thomas: Seasonal discharge-duration-frequency data may be
obta ined as an option of the Streamfiow Statistics program . This
information has already been computed for some states and is
available in WED District offices.

Question, Mr. Sharp: Mr. Thomas, you have talked a lot about data files,
retrieval problems and so forth . You also briefly mentioned the
STORET system of the Environmental. Protection Agency that is used
to store water quality data. Are you knowledgeable of this system,
especially any problems associated with use, and if so, would you
please comment in this regard?

Reply, Mr. Thomas: I have only limited knowledge of EPA ‘5 STORET file.
I do know that any agency may enter data into the file , and that a
variety of agency codes and station identification codes have been
used , thereby resulting in some problems for retrieval of infor-
mation collected and stored by a different agency .

The Geological Survey has a newly-designed quality of water data
file on magnetic tapeà. This file contains all of the quality
data on surface water that the Survey has collected since the 1967
water year and much of the data collected since the 1959 water
year . Only a small amount of data on quality of ground water has
been entered into this file.

— 

Question, Mr. Matthews: What would be the cost per station of streamflow
statistics and flow variability program printouts and/or the costs
of copies of the daily flow records?

Reply, Mr. Thomas: There is no accurate way to estimate costs since
it varies with job size, with location of data on tapes, and with
program options selected. For cost estimates we figure that the
Flow Variability and Streaaflow Statistics programs each cost about
$5.00 per station regardless of record length . Transfer of daily
f low records coats about $0.25 per station-year on 7-channel tapes
and somewhat less-perhaps $0.15 per station-year on 9-channel tapes.
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A CONVERS ATIONALLY-ORIENTED
- 

- ENGINEERING COMPUTER SYSTEM

By

Robert L. Renner1

INTRODUCTION

The Corps of Engineers installed its first electronic digital computer
in the late l950s. Today it owns or leases 70 electronic computers . The
computer is used in some manner in a great number of Corps functions. It
is considered to be an essential engineering tool by many Corps engineers.

In adapting the computer to engineering problem solving, the Corps has
made mistakes; it has had false starts and followed paths that have led to
frustration ; but it has learned . First , it has learned that although the
computer is a powerful tool, it is not the answer to every problem . Second,
it has learned when to apply the computer and when to seek more efficient
manual or semi-automatic methods . Third, it has learned that it is better
to make the computer speak the language of the user rather than to make the
user speak the language of the computer .

A GROWING CORPS COMPUTER POTENTIAL

The Corps has been moderately successful in applying the computer to
engineering problem solving . However , it now appears that the Corps is
standing on the threshold of great promise for making the computer the
indispensable engineering tool it is capable of becoming. This optimism
is attributed to four significant factors:

.A new generation of computer-oriented engineers are now assuming
positions of responsibility within the Corps of Engineers. Many of them
have been associated with the Corps early experience in adapting the computer
to engineering applications and they appreciate its power as a design aid ;
others are college trained in computer science and bring with them a depth
of understanding in computer technology .

.New and sophisticated computer equipment is becoming available;
equipment which is faster, easier to use and less expensive to operate
than ever before. A particularly significant equipment development has
been the t ime-sharing computer system.

• A library of meaningful engineering computer programs is being developed
within the Corps of Engineers. Programs in this library will have been docu-
mented, thoroughly tested and approved by competent authority for use in
planning, design or construction .

1Chief , Research and Training Section, Structural Branch , Civil Works
Di rectorate , OCE
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A conversationally-oriented engineering computer system has been
developed which will allow any engineer to use all of the programs in the
Corps library with an absolute minimum of effort. This system provides
l inking and chaining of computer programs and it communicates with the
user in his own discipline-oriented language .

The development of a meaningful computer potential within the Corps of
Engineers began in 1965. It started with an In-depth study of our engineering
processes and the identification of problems associated with computerizing
these processes . The engineer normally receives assignments in the form of
mission requirements. These are used by the engineer to develop project
concepts. Project concepts form the basis for design criteria; design criteria
are used in making design decisions and in developing a specific design.
This design is evaluated to determine how well it satisfies mission require-
ments. If inadequacies exist, the project concepts are altered and the design
process repeated until a satisfactory design is achieved .

Most aspects of this process can be computerized provided the engineer
can effectively communicate with the computer . This communications problem
has been difficult because of these factors:

• •The engineer understands the language and processes of his profession.
His principal concern is solving engineering problems . If we give him a
computer as a design aid , but force him to become a computer programmer in
order to use it , we have more than likely complicated the design process.

•Since engineering is an iterative process , the computer must be accessible
and capable of responding to the engineers ’ requirements in a relatively short
period of time. Otherwise, it can become a liability rather than an asset for
the next iteration in the design process is always dependent upon the results
of the previous one.

.Engineering is not only an iterative process, but one which requires
ingredients of experience and creative ability in order for the design to
satisfy the mission need. The computer can easily provide computational
speed, analyses and comparisons in problem solving (some experience can be
programmed into the computer but that is often limited because of the great
number of variables involved) and man can provide the experience and creative
ability . A proper man/machine balance is often difficult to achieve, but
once it has been done, it provides an unbeatable problem solving combination.

• There are no universally acceptable standards for developing engineering
computer programs . The data input requirements , data element sizes, variable
name assignments, solution techniques and data output formats are usually
unique to each program. This non-uniformity between programs makes it diffi-
cult for the normal user to acquire and use programs developed by others .
Although this problem is not restricted to engineering, It is especially
critical in problem solving where the solution technique is the predominant
factor. The engineer user must be satisfied that the computer solution is
valid for his set of conditions ; this requires that he know what parameters
and assumptions were used in the programs development .
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EXPLOITING THE COMPUTER AS AN ENGINEERING TOOL

Once we had eva luated our processes and ident i f ied those computer
problems which were inhibiting us from full y exp loi t ing the computer as
an engin eering tool , we cou ld exp lore techniques for solving them. In
reviewing the prob lems it was found that they could be grouped into three
principle areas: ( 1) providing bett er and more easi ly acces sible hardware ,
( 2) develop ing a library of computer programs that would be pert inent  to
our work ar.d which could be relied upon to produce sa t is factory solutions
and (3) to make it easier for the engineer to communicate with and use the
computer .  Corps goals have been established and are being imp lemented to
add ress these prob lem areas .

COMPUTER HARDWARE

The fi rst maj or goal established has been to make the computer more
easily accessible to the engineer professional.  A p rogram to up-grade
Corps of Engineers computer facil i t ies was developed in 1965. Its implemen-
tation began in 1969 and will be comp leted in 1972 ; at that t ime every Corps
office will either have an installed computer or have access to one . In
addition , a la rge scientif ic computer wil l  be installed in the Corps ’ Wate r-
ways Experiment Station in Vicksburg, Mississipp i , in 1971. This machine
wil l be avai lable , via time -sharing, to all other Corps faci l i t ies . The
acquisition of satisfactory termina l devices , at design level , which will
communicate with installed or leased equi pment , will provide every engineer
the power of the computer for problem solving .

COMPUTER LIBRARY

The second major goal has been the development of a Corps-wide engineering
computer programs library . In developing the system to achieve this goal,
maximum use of p revious in-house work , as well as that of others , is being
made in the app lications area . The program now being implemented consists of
three ef for ts:

• A n Engineering Computer Programs Library has been established at the
Wate rways Experiment Station . It serves as a repository and d is t r ibut ion
center for all agency approved computer programs .

‘Approval procedures have been established by which all engineering
computer programs must pass in order for them to become a part of the
library . Those programs which attain approved status may be used in des ign
without the designer being required to document his solution technique in a
design memorandum ; he need only refer to the program by number and provide
th e input used for the problem solution .

• Engin eering computer program documenting standards have been establ ished
and published .
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COMMUNICATING WITH THE COMPUTER

The last major goal has been to make it easier for the engineer to
coununicate with and use the computer. The design and implementation of
a program to achieve this goal has been par ticularl y difficult. Our first
efforts have been two-fold:

An Engineer Computer Training Program has been developed . It defines
a minimum level of computer competence for every engineer. The type of
training and level of difficulty is commensurate with the engineers ’ duties
and responsibilities . The implementation of this program will assure the
Corps of a high degree of computer competence among its engineering staff.

.A conversationally-oriented engineering computer system has been
developed wh ich will allow an engineer to use any program or group of
programs in the library with an absolute minimum of effort. This system
coninunicates with the user in his own language and produces results that
he can understand . The development of the system represents a break-through
in our search to make the computer a tool for every engineer. The Mark I system
operates in real-time and has been titled as “CORPS” (an acronym for Conver-
sationally Oriented Real-Time Program-Generating System).

“CORPS” CONCEPTS

The development of the “CORPS” is perhaps our most promising effort for
crea ting a properly balanced engineer/computer design team. The statement
that the system was developed is misleading since the original systems work
was directed along other lines . It is perhaps more explanatory to say that
the system was ..iscovered .

It all began when it was decided that a survey would be m~.de of the Corps
of Engineers to determine what computer programs were in use for hydraulic
design. This program envisioned that all the hydraulic design programs would
be collec ted, an engineering evaluation made of them to determine which of
them could be used Corps-wide, and those cons idered as approp riate would be
documented and placed in the WES Library for distribution .

In order for the hydraulic design engineer to use the programs in the
library , either as individual programs or in some group order, it was usually
necessary for him to write a small computer program. The writing of these
small programs was not too difficult, provided the user was a computer
progranuner, since all the basic programs were written in a coliunon language,
FORTRAN, and they were well documented . However, as every progra~~er knows,
it is easy to make mistakes in coding no matter how simp le the task , so
every new program required some debugging and testing prior to its being
used in production.

The developmen t of these hydra ulic des ign subro utines , to be used as a
sys tem, was clearly a step in the right direction, for each progra m furrdshed
was well defined, tested and could be relied upon to provide a satisfactory
answer if used within the limits imposed . However, the requirement that the
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hydraulic designer be a computer programmer in order to use the system was
exactly opposite to what we had been preaching; we were, in fact, compounding
the design effort. Realizing this , Sri Executive Sys tem wa s devel oped to
provide the communications link between the set of system subroutines and the
engineer user . The Executive System required that every subroutine in the
system contain a preamble in FORTRAN language. This preamble contained a
list of parameters required to run the program, any input , output or coinpu-
tation options available, variable definitions , a brief summary of the program
and any other data pertinent to making the system operate. The Executive
System was capable of reading the preamble, converting it into English and
presenting system requirements to the user in hydraulic terms. The engineers
responses were used by the Executive System to write a new program containing
all the basic subroutines requested , as overla ys , in the new program . The
Executive System was performing ‘the same programming function that the
engineer user had previously performed but it could do it flawlessly. It
would automatically generate a program, including all applicable subprograms,
in response to engineering language input . We had succeeded in relieving the
hydraulic engineer of the programming task when using subroutines in our
system.

The mechanics for using the system were quite elementary . The engineer
would access the computer via a time-sharing computer terminal. He would
converse with the computer in English ; telling it which programs he wanted
to run and in what order, supplying the inputs demanded by the computer and
reviewing results as necessary . The entire process could be easily learned
by any hydraulic engineer in just a few minutes . The basic subroutines in
the system were all developed by other hydraulic engineers so they were written
in the language of the user. New hydraulic design programs were added to the
system as time permitted . The only requirement for adding new programs was that
each of them contain a preamble conforming to system specifications . As time
passed , programs other than hydraulic design were demanded by the users. Thus,
the system we now call “CORPS” was born .

SYSTEM DETAILS

The present “CORPS” was developed for the General Electric 400 series
computer of the type being procured by each Corps Division office. It is
the Mark I system and is operational on time-sharing only. A Mark II system
is now under development. It will include many operational improvements
over the Mark I system except it will still be programed for time-sharing
only. A proposed Mark III system will extend our capabilities to batch and
remote-batch . Later adaptations will be made to apply the system to other
computers .

A system schematic of “CORPS” is shown in Figure 1.

Operational details of the system are as follows (circled number refer
to activities shown in Figure 1);
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Sequence I

If the user wishes to develop a new FORTRAN computer program which
utilizes any subroutine or group of subroutines in the program library , he
starts with Sequence I. Thus:

(1) He addresses the computer via a remote terminal device and
tells it to run the Executive Program . The computer asks the user if he
would like system details or subroutine content . If he does, the computer
accesses the disc library (2) to retrieve the data and displays it at the
terminal (3). The computer then asks the user to enter the subroutines
desired and in the order he wishes to run them . He can specify the same
subroutine more than once if he so desires . Using these input data,
the computer accesses the disc FORTRAN Library (2) to retrieve the programs
in run order . It interprets the preamble for each program and asks the user
to supply any data required to assemble the new program . The Executive
System utilizes user supplied data and the preamble content to develop a
new FORTRAN IV program . This is stored on disc storage (4). The program
developed by the Executive System is a valid FORTRAN IV computer program and
can be used on any system which will accept GE FORTRAN . As previously mentioned ,
the conversation between the user and the computer is in English language and
specifically oriented to the discipline involved .

Sequence II

If the user wishes to compile an object program from the source program
he has just created , or from a source program he had previously created , he
would follow Sequence II. Thus:

(5) The user asks the computer to run his program . (6) The
computer inputs a copy of the program from disc storage, it inputs a copy
of the basic subroutines from the disc library (7). It compiles the program
and stores the object program hack on disc storage (9) and in computer
memory (8). (10) The computer runs the object program either with or
without input from the user. The computer accesses the disc storage to
run subroutines in overlay mode (11). It accesses the disc storage to
retrieve or store data required for program execution (12). Program output
can be printed hard copy (13), disc storage (12) or both . If the user wishes
to rerun the program using different input data , he begins Sequence II at
Step (10). In this instance the computer accesses the disc storage for the
ob j ect program and begins processing.

ADVANTAGES OF THE “CORPS” CONCEPT

The “CORPS” concept provides the following advantages nver normal computer
library concepts:

•Any user can communicate with the computer in an effective manner
w!th ’ut becoming a computer programmer .
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• The system communicates with the user in his own discipline-oriented
language .

• The system rovides instant access to a great variety of meaningful
computer programs

• Dynamic dimensioning of computer memory is allowed . Thus , the user
can sub-divide large programs into logical units and run them efficiently
on the GE 400 series computer (or similar equipment).

‘The system can be easily converted to any computer since it operates in
FORTRAN .

• The system will  be available for Corps-wide use in 1971.

• The system reduces computer programming and debugging t ime .

.The system was developed by engineers for engineers .

‘The present Mark I system is operational . The Mark II , Mark III , etc .
systems will  enhance capabilities but pay-offs begin at once.

CONSTRUCTION OF THE PREAMBLE

A computer program that is written in FORTRAN and is operational on the
GE 400 series computer, can be used in the “CORPS” system provided it has
been modified in accordance with system specifications . This modification is
relatively simple and consists of the addition of a preamble in the form of
comments statements . These statements are interpreted by the Executive
System and form the basis of a new FORTRAN program which is written by the
Executive . The Executive can recognize the type of statement and its content
by the range of its line number, as follows:

Line No. (Not stdtement number) Type of Statement

001 to 009 Program name

011 to 499 (Odd numbers) Notes to user

010 to 500 (Even numbers) Dimensions, Equivalence, Type and Data
Initialization Statements

501 to 899 Overlay Calling , Read , Print, Assign
and other statements

900 to 950 Program Options

951 to 999 Program Summary

Line numbers ending in a code Special options selected at compile time
letter for comments

1000 to 99999 FORTRAN Program or subprogram

Paper iS

- 
——---- - ~

.—
~
-———— - - 

.



“CORPS” DEVELOPMENT SCHEDULE

The present Mark I, “CORPS” system contains about 20 hydraulic design
subroutines ; it is planned that as many as 100 programs will be available in the
system by 30 June 1971, and in excess of 500 by 30 June 1972. The programs
will cover every engineering discipline used in the Corps of Engineers .
Although “CORPS” is not the ultimate in computer programs or the answer to
every computer problem , it does allow any engineer to access the computer,
in a meaningful way, with little effort or previous computer training.
The user must be intimately familiar with the problem to be solved and know
what he can expect in the way of computer solutions . He can tailor every
problem solution to his specific requirements , provided there are basic
programs available which he can use. If he needs a computer program other
than those alread y in the system , he can develop one or have one developed .

CONCLUS IONS

The future of the computer in the Corps ’ engineering design business
can be assured if it becomes a truly useful device for every problem solver.
In an effort to make the computer an indispensable engineering tool, the
Corps is acquiring responsive computer equipment , building a library of
meaningful and useful computer programs , training engineers in computer
technology and providing him with  a machine which speaks his own language.
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CONVERSATIONALLY-OR ixiffED ENGJJIEERI!~ C(*IPUTER SYST~~

DiscuSsion

Question, Mr. Fredrich: One thing about the proposed system that is
rather disturbing to me is that it appears that the system is
designed to encourage the engineer to use the computer without
bothering to learn too much about programming. Isn’t it possible
that the system will remove the motivation for engineers who really
should be doing more to familiarize themselves with computers end
‘wi th programing?

Reply, Mr. Renner: I believe that an engineer can effectively use the
computer without becoming a computer programmer. However, if’ he is
to be successful he must be knowledgeable of the capabilities and
limitations of the systems he is using and the programs involved.
In my opinion, the use of a computer for engineering problem solving
is similar to using design tables; if you know how the tables were
derived and their limitations you should certainly use them rather
than recalculate the information each time you require an answer.

Question, Mr. Matthews: What about priorities?

Reply, Mr. Renner: In the time-sharing mode the computer gives each
user a time-slice of the central processor . Normally , in a mixed
mode operation,time-sharing has priority.

Q!lestion, Mr. Mirick: How reliable is the remote terminal over telephone
lines due to background noise or Interference?

Reply, Mr. Renner: The use of a computer via telephone lines can result
in transmission errors and false data, unless you take adequate
precautions . The lines used must be conditioned for data trans-
mission and you should provide for error checking in the equipment,
if possible.

Comment, Mr. Bennion: Your basic proposal seems to provide a practical
way of helping program users to develop generalized programs, such as
off ered by NEC, by providing a convenient means of grouping smaller
programs for application to a particular problem .

Reply~ Mr. Renner: This Is true . The sytern we have developed ‘will, allow
a user to generate a sophisticated computer program by grouping
smaller, but well tested, programs together. 
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REQUIREMENTS FOR
REVIEW OF ENGINEERING COMPUTER PROGRANS

by

Warren L. Sharp~
INTRODUCTION

Engin.ers within the Corps have been actively engaged in computer program
development and use for well over a decade , and the need for gui dance
regarding review of existing and future program s is long over due . I
would like to express a few words relative to this need, ~o1lowed by aproposal for actually performing reviews.

A tally of most engineering type programs included in the latest printing
of the Corps catalog of engineer computer programs (Enginee r Pamphlet
18—1—3, 14 Feb 69), yields the following numbers of programs when grouped
according to closely related disciplines: hydrologic/hydraulic/reservoir
regulation, 817; structural/concrete/soil mechanics, 684; geodesy/survey-
ing, 569; mechanical/electrical, 48; and earthwork/dredging, 185. For—
tunately , there are specialized organizations in the Corps that are capable
of reviewing programs in the first of these groups , i.e., hydrologic ,
reservoir regulation and hydraulic engineering. However , the numbe r and
complexity of programs within the other disciplines mentioned above is
an indication of the problems to be expected in formulating review pro-
cedures for those areas.

There have been recent activities within the Corps designed to improve
computer program development and utilization. These are: (1) establish-
ment of a library of engineering computer programs (ECPL) at the Waterways
Experiment Station; (2) development of coding standards and documentation
requirements; and (3) installation of small to medium sized computers in
all of the Division and District offices. In addition, future activities
are planned regarding computer oriented training, especially at the
supervisory and manage ment levels , and the provision of specialized
assistance on a very limited scale to engineers in those disciplinary
are as where such assistance is not presently available. Strange as it
may seem, until very recently there has been no guidance or requirements
for the review of engineering programs, and very little guidance for
their development. To permit such a long time laps. after appreciable
utilization of the computer for engineering computations became comeon—
place, without any requirements for review, has been somewhat of a
management oversight (to put it mildly). The major reason there has

‘Chairman, Field Assistance Task Force IV, Engineer Computer Concepts and
Applications Group. Computer program Review Monitor for the hydrologic
engineering discipline . Office , Chief of Engineers .
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been no (known) discrepancies of a serious nature occurring in project
design or operation as a result of faulty programs or their misuse, is
dus to the inherent trait of engineers to do the job right , even in the
absence of specific guidance. The seemingly lack of error has been due
in part to program usage being limited to th. authors , and to their
nearb y associates who are given first hand assistance in using the pro-
gra ms . This limited use by othe rs ii changing . . . . rapidly.

Those of you who are intimately familiar with program development are
well aware of the ovsrpowering desire , as well as the need , to render a
program completely error free . It is like California or bust. However ,
many of us are reluctant to adequately document our programs for use by
others , myself being no exception. Regardless of the reasons for avoiding
documentation , e.g. , time and effort , they all seem inexcusable especially
if we are to establish a successful computer program sharing system on a
Corps—wide basis. The engineering profession will always depend very
strongly upon integrity and trust of engineers at th . computation al level,
but the r. is more than this to consider . Even the best engineers have been
known to make mistak es occasionally . Most of the reasons that constitute
the need for review of engineering asthods and techniques, and their
application in design memora nda and other reports , are equal ly valid for
requiring the review of engineering computer progra ms .

In addition to the library mentioned sarli.r, which will distribute
specially prepared programs on a Corps—wide basis , The Eydrologic
Engineering Center (EEC) has been offering programs to the field offices
for about six years , and they learned very soon the importance of pro-
gram doc~~~ntat ion . To supp lement their efforts to accomplish adequate
documentation , instruction during training courses is often given to
explain and discuss the use of certain of their progr ams. Hop efully ,
arr ang.me nts can be made in the near future to couple a convenien t and
expert assistance with the KCPL similar to that of the NEC , although such
plans exist only in the minds of a few engineers at present. I dwell
upon “assistance ic the use of programs ” to emphasize the additional
effort that must be made to standardize and document progra ms for the
benefit of the user . Program author s will be encour aged to avail them
selves for consultation by telephone , but I envision super visory probl ems
and seriously question the effectiveness of such an arrangement. Instruc-
tion by telaphon. can be valuable , but it is very limited. Th• Corps needs
a small group or groups of .n inssrs organized for the express purpose
of serving other discipline s in a manner comparable to the service prov idsd
hydrologic engineering by the EE C.

Several of you here at the seminar have expressed strong opinions
spontaneous ly, and within your pap ers , regarding the need for adequate
documentation . My contention is that progra m development and review
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go hand in hand , and without specific guidance for the latter, adequate
documentation will doubtless be realized. It can hardly be questioned
that requirements for program review are urgently needed to assure con-
formance to coding standards and documentation procedures.

Other difficulties arise when trying to establish the “scope or extent”
of review within a particular office, as well as the difference in
review procedures to be performed at the various organizational levels.
The following attachment to this paper is an attempt to resolve these and
other associated problems. I am going to present a proposed directive to
you as a “strawdu y,” i.e., for your evaluation and comeent. Other
considerations while formulating the directive were: (1) instilling
confidence in the mind of the program user; (2) categorization of programs
to control areal distribution; (3) poor performance of existing approved
programs, and what to do about them; (4) keeping programs up to date;
(5) temporary waiver of certain requirements for development to permit a
rapid build—up of programs in the ECPL (not recomeended); (6) difficulty
in selecting one or a few programs from among several programs which
calculate essentially the same thing; (7) the ability of HEC and WES to
perform reviews; (8) the varying ability of field offices and OCE to
perform meaningful reviews , including differing capabilities of the
various engineering disciplines within any one office ; and finally,
(9) assurance of satisfactory project design. After I have read the
proposed plan for reviewing engineering computer programs , you will be
given what may be your first opportunity to criticize a proposed
directive.
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DRAFT

Requirements for
Review of Engineering Computer Programs

1. Pu~~ose. The. purpose of this dircctive is to establish guidance

arid requirements for the review of computer programs used in the planning,

Jesign , construc tion and operation of Corps of Engineers projects. This

directive supplements the information contained in ER 1110—1—10 pertain-

ing to Computer program review.

2. Scope. Guidance and requiren~ nts are given for review at appro-

priate organizational levels for each of the three categories of digital

computer programs defined in ER 1110-1-10, reference 4a below. Coor-

dinating activities of computer program Review Monitors in the Office ,

Chief of Engineers are also outlined herein. Reference 4c below lists

the names of Review Monitors for the various engineering disciplines.

3. ~~p1icabili~~. This directive is applicable to each engineering

discipline wi thin the Corp s of Engineers . Normal engineering command

channels are responsible for enforcing the requirements for review

that are outlined herein. A directive similar to this is planned for

distribution wi thin OCE and to appropriate field offices to aid the

development , review and use of coniputcr programs.

4. References:

a. ER 1110— 1— 10 , Development , Review and Use of Cot~pueer Progra~ts ,

30 June 1970.
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b. ER 1110—2—40, Engineer Computer Programs Library, 21 August 1970.

c, EU 1110—1—45, Engineering Computer Programs Libr~ry , Standards

and Documentation , 9 February 1971.

d. OM 1110—2—1 , Standing Operating Procedu re for Review of Design

Mentorandur , 18 Apr il 1969 , and references therein.

e. EC 18—1—32 Planning Data——Engineer Inrormation and Data Systems

Off ice, 15 January 1971.

f. ER 10—1—2 , Par. 2, Decentralization , 8 August 1963.

g. EC 18—1—29 , Release of Computer Programs and other Documentations ,

6 July 1970 .

5. Basis for Review. The need for review of engineering computer

programs used in the Corp s of Engineers is no less desirable than pre-

vailing requirements for review of engineering methods and practices

associated with design memorandums and other reports (ref. 4d). In some

respects the need is greater, primarily because of newly developed and

more comp lex methods that only lend themselves to computerized solution.

Assurance of the adequacy of design is the objective in either case ,

which may be increased or decreased from the s tandpoint of the reviewer

in comparison to manual computations. Other reasons for review are to

enhance user reliance of programs in the Engineering Computer Programs

Library (ECPL) at the Waterways Experiment Station (re f . 4b), and to

control duplication of program development , insofar as practicable.

Conformance to the principles and guidance contained herein, at each

organizational level , will aid the evaluation of programs by reviewing

engineers and expedite their approval .
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6. Categorics of C~~mjw t in. P ro c a m . All computer  prl)granis used vi th in

the Corps I i i  vi ’ h. ’cii g rotipcd n t hrin ’ ca ‘gor It’S (re f. 4n) • Thu scop e

of requ Lremt’it t 10L ru view arc diE Er m u t  for t’ad~ Ca I i’~oFy ant i  for

variou s org.tn I ;‘~ i L ena I It ’ Vt ’ is w i t h i n  t l i t ’  Corp s , as t’ ~q lai nod th roti~hou t

the remainder o I
. 

Lii is di ccc ( l v i ’ .

a• Ca t.’gory A. ‘Iiirs ~‘ programs art ’ approve ii for  Corp —wide tts~ ’ and

arc Inc ludv d in t In ’ Engint ’t ’ 1 Compu t cc Pro gram Library a I t in’ Wat erw ay s

Fxp e r iment  St a I I on . Conformance to cod I iig Standar ds and documcn I. a Lion

procedures o:; tabi I shed by t l i t ’  Ei igI  no or  Compu t ci’ Cone opt :i and App 1 ic a—

t I ens Group s (l’CCAC) anti on ~. 1 iut ’ tI in Li’  fo rt ’In ’-t ’ 4c , is requl ri’ d .

b. Cat~~~~1h • Category U ~ Ft~~~~~Im ar e approved for m t  er—Di vision
of I llIIip ’lltlt’ii t nf l - i ci’ usc , s ucli as ~Wfl NPI) , CRRE L , CERC and ot Ito r

ins tal , tat Ions • Thosi’ programs are ~t 1so included in t h ~ l i b r a ry  at WES

and mu st  eon forts I o s tandar ds and doct i tuci t  ta t’ ion trim .1 ri ’uiou t s  of the

ECCAG .

c. Cat~,~ory ç. These programs are dovol ~~od for  or igi na t  ing o f t ’ let’

use only .  Coding s i a t t da t ’ds  and doenturn I at  ion er It t’ ri on of thi’ ECCAC

art’  not  requ I roi l b y OCE , and they arc  n ot  I nc In dod in ( l i t .  1 ibrary at

Wl’~ • Ilowi’ yr r , ri’ vi ow and appr oval. .1 s rt’quirt’ ii fo r  tho more import ant

of these p t’t rams , as o l.a I iti d in! 1 IIW •

7. 1.t’vols ol Rovi ow. The oxt  out or degree of review to which computer

programs wil l b ’ subj oct ‘d has l’t’~u d vi doti m l  o three lovuls ; name ly ;

basic exien~ ivo an t i  mot lo ra t  e r~’v I i’ws . The levels a ri’ ar r ange d according

to Li l t !  “organ I ‘.al ioiial . levels” of ri ’viewing of f l e e s  within the Corps

and gi ’nt ~ r.il ly rep ‘sent tin’ ‘‘o xl out: of  review ’’ requ freti  at rach leve l.
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Extensive or major review requirements are assigned to the Divisions and

independent offices , which is in keep ing wi th the cur rent  trend toward

decentralization (ref . 4f).  These associations arc exp lained in the

following sub—p aragraphs , find excep tions arc c ovcre Li in later paragraphs

of the directive. Review beyond the originat ing of f ice  is considered

necessary to satisfactorily evaluate and approve all Category A and B

programs , and the more imp or tant  Category C p rog rams , Programs that

are used for significant aspects of Corps activit ies, regardless of

category , must be referenced in design meutoraudu nis and other reports

submitted for  review (ret . 4a). Category C programs used in this  manner

arc referred to herein as the “more important” of L iii ’ category to

identif y them for review, Category C programs that may be. exemp t from

review outside tlti ’ originating office are those used in prel iminary

planning, utility type programs and all other programs of relatively

ins ign i f ican t  importance , insofar  as the design and regulation of

Corps projects are concerned. Further differentiation of the relative

impo rtance of Category C programs , and likewise the extent of their

review , is l e f t  to the discretion of the field offices.

a. Level I — Basic_ review. A basic or pr imary review is required

by the or iginat ing o f f i c e  fo r  all programs , regardless of category .

This is a thorough initial review associated with program development

and initial application.

b. Level 2 - Extensive rcvic.~~ An extensive or de tailed review is

required by Divis ions and independent of f ices  for Category A and B
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programs , and the more important  Category C programs . Extensive revir~-s

of other programs m ay be per forme d at any organizational leve l if con-

sidered appropriate. This is a major review in dep th , thus the most

extensive of the three levels .

C. Level 3 — Moderate review. A moderate or limited review is

required by OCE for all Category A and B programs , and the more importauL

Category C programs. When appropriate , review of Categor y C programs by

Divisions and independent offices may be limited to this level. This is

the least extensive type of review , which may be very limited or cursory

if appropriate.

8. Consti tuent  Parts and A~pccts  of Review. Computer programs are

sub—divided into four sections in ER 1110—1-10 for convenience of

development, review and application. Briefly, these sections consist

of: Sec tion I — program abstract; Section II — methods of solution ;

Section III — file documentation ; and Section IV — software. Detailed

requirements for the Constituent parts of programs are given in reference

4c in terms of standards and documentation procedures for those programs

to be included in the library at WES. Other significant aspects of

review follow :

a. Program testing. The very na ture of p rogram development and

initial application usually includes extens ive testing , primarily wi th

regard to error— free coding and solution precision (re , level 1).

Rowever , for reasons given in paragraph 5 , further evaluation of test-

ing should be performed at higher levels on these and other aspects of
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programs . Test examp les submitted with  the program description should

be limited, but selective in terms of more common applications of the

program . Complex programs offering several input options should undergo

appropriate tests by the originating office , ‘wh o should be prepared to

furnish adequate evidence , upon request fro m higher au thor i ty,  of

satisfactory performance of the program for any combination of permissible

input options , A concise summary of program testing for major options

should be documented in the program write—up . New programs that  do not

include satisfactory tes t examples or cannot be substantiated by fur ther

testing, will not be approved for use in any manner unti l  the errors are

correc ted , or the unsat isfactory options are eliminated. Programs

discovered to perform unsat isfactori l y,  even thou gh previously approved ,

will also be disapproved for  use (at leas t in the manner noted unsuitable)

and subjected to possible deletion from the library at WES if contained

therein. Nor mally, Category C programs will not require as extensive

testing beyond the originating office as Category A and B programs.

Comparatively, the greatest amount of “testing” is required by the

originating office, even though the most extensive “overall review” is

requi red by the Divis ions and independent offices , and the extent of

additional testing is left to the discretion of the reviewing offices

(re, levels 2 and 3).

b. Categorization, Originating offices should consider appropria te

categorization of each program , and develop the programs accordingly.

Encouragement is given to the highest possible category, i - o f a r  as
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time and manpower permi t. Assi~~ ment of program s to Category C will be

performe d by the originating office , and further consideration toward

categorization should be given at the Division or independent office

level, especially in regard io Category B , and establishment of same,

Final categorization of programs for Corps—wide use will be established

by the Office , Chief of Engineers, with due consideration given to

recommendations of the field offices.

9. Review by Originating Office,  Requirements for the basic or primary

(level 1) review of computer programs are given in the sub—paragraphs

below. The bulk of this review is closely associated with pro gram

development and application , and emphasis should be placed upon

error—free coding and solution precision. In addition to the initial

review, this office has major respons ibility for app lication assistance

and updating the program. Requirements for review follow:

a• Develop Category A and B programs to meet standards and documnenta-

tion requirements given in reference 4a,

b. Develop Category C programs to meet standards and documentation

requirements adopted by the originating office .

c. Thoroughly test all progratits for the more important and popular

options of app lication.

d. Assign programs to Category C , and recommend A and B categoriza-

tion , as appropriate.

e, Submit Ca tegory A and B , and the more important  Category C

programs to higher authority for review and approval.

Paper 16
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10. Review b y Div isions and Independent Off ices . Requirements for

r e v i e w  by t I m e  Divisions and independent o f f i ces  arc more comprehensive

than requi r ements  for any other organizational level , and will usually

be of the  level 2 type, Ti m e extent of review considered appropriate

for Category  C program s is l e f t  to the discretion of these of f ices  in

accordance wi th Lite guidance given in paragraph 7 above . Requirements

for review fol low:

a , Requ ire comp liance of Category A and B programs with the s tandards

and documentat ion requirements given in reference 4e .

b. Per for~u a detai led review of the more. important  Category C

programs that arc used for projec t development or regulation , and

referenced in de~ ign memorandums and other reports  submit ted for review.

Perform a moderate review of other  Cat e~ ory C programs . Reference 4c

may be used as a guide for rcviewin~ Cat ’~ery C pro~ r~tms .

c • Evaluate t e s t s  performed by ori ginat ing  o f f i c e  and perform

addit  i m a 1. Lest ing , or request from ori g inat ing  o f f i c e , if necessary

to assu re s a t i s I w t ~ ry performance of the program for  the more. importan t

and popular  op t i . ons of pr~~~r~eu a p pl ica t i  ~n .

d~ Assign programs to Category B and C , and reconunend Category A ,

as a p p r o p r ia t e ,

e, Submit  Ca t e g~ rv A and B , and thc  more important  Category C

~ OCE for review j nd approval ,

1. Perform only a cursory review of those pr ogr ; 1m~ per ta ining to

h ydraul ic  and h y droi~~ ’. i c eng~ nec u i ug , rcg.trdl ems of category, and
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forward to OCE. These programs will usually be submitted to the HEC

and/or WES for detailed review , as appropriate , which will limit the

workload for review at Division and independent of f ices .

11. Review by Office s Chief of Engineers. The review by OCE will

usually be of a limited (level 3) nature , wi th  emphasis upon methods

of solution and documentation. However , an extensive (level 2) review

will be performed if considered appropriate , which may involve the

ut i l izat ion by OCE of select personnel in the field offices, Engi—

neering specialists in OCE that are knowledgeable in computer applica-

tions have beeui designated computer program Review Monitors (ref . 4e),

to serve in a coordinating cap acity for applications assistance within

their respective engineering discip lines , in addition to the review of

programs , for engineers in the f ield offices . The Review Monitors

should coordinate with the library (ECPL) at WES for the build—up and

maintenance of programs in their respective enginee ring disciplines ,

and should become generally knowledgeab le of these programs. The

Review Monitors serve in a liaison capacity between potential program

users and the library , and between users and authors of programs in

response to requests for assistance, Aspects of a level 3 review follow:

a. Perform a moderate review of Category A and B programs for

conformance with the standards and documen tat ion requirements given

in re fe rence 4c.

b. Perform a moderate review of the more important Category C

programs used for project development or regulation referenced in design

memor andur~s and other reports submi t te d  for  review .

Paper 16
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c. Evaluate tests performed at previous review levels and perform

additional testing, or reques t from ori gina ting office, if necessary to

assure satisfac tory performance of the more important and popular

options of pro gram appl ication.

d. Transmit hydrologic and h ydraulic engineering programs to HEC

and/or WES , as appropriate , for extensive review. Perform a very limited

review of these programs upon their retu rn ,

e. Comply with reference 4g regarding requests for Corps computer

programs by other agencies .

f.  Perform a moderate review of programs developed by the HEC and

~ s.
g. Approve or disapprove programs and categorize as A or B , as

appropriate .
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REQTJIRE2.fENTS FOR
REVIEW OF ~~GINEERfl~G COI’~~JTE~ PROGRAMS

Discussion

Question, Mr. Beard: Would it be helpful to make the review categories
more definitive - such as thorough testing by originating office,
technical review by Division office and functional and policy review
by OCE?

Rep]~y, Mr. Sharp: The descriptive phrases you suggest are very represent-
ative of the “type” of review intended for each of the three
organizational. levels. Coupling the terms you suggest with those
already used to represent the “extent” of review will enhance
understanding of the directive:

Level 1. - Originating office: basic or initial review, to include
thorough ~~~~~~~~~

Level 2 - Division or independent office: extensive review, emphasis
upon technical aspects .

Level 3 - Office, Chief of Engineers : moderat e review, primarily
regarding policy.

Retention of the other terms (basic, extensive & moderate ) is needed
if we are to comply with the current trend of delegating more
responsibility to the Division offices.

Count, Mr. Bennion: I feel that the review accomplished at the Division
should generally be of the technical adequacy nature - not a review
for accuracy of progran~ing, etc. This will leave the Division free
for other review functions that they should be performing .

Rup],y, Mr. Sharp: In the event you are referring to a detailed review
of each “prograam~ing” statement and each coding routine , I agree
with you, and the proposed directive would not require the Division
offices to do this. However, there are those who insist that review
at intermediate steps in computational procedures, even at the OCE
level, is necessar y for a review to be at all meaningful . If use
of the word “progra~sing” is intended to represent computational
procedures rather than coding, who do you propose should perform
the review for technical “accuracy”? Division offices are required

~ 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



to review all, other applications of engineering techniques andmethods of solution for their “accuracy”, as well as for “adequacy” .Limiting the “extent ” of review to no more than Is required toassur e the “accuracy” neede d is the important thing.

~~estion , Mr. Fredrjch: What wil l happen when the review assignaenttall, upon an orgi~iization or individual without the technicalcompetence to perform the review?
Reply, Mr. Sharp: I think we would agree that thia problem cannot existin an office that originates a program. Review requirements forthe Division offices (Level 2) and OCE (Level 1), as proposed, areflexible for this very reason. In cases where Divisionoffices do not have the expertise, they should inform OCE of thisfact and “forward ” programs rather than “reccxzm~end” them forapproval. OCE will either, (1) perform an extensive review (notvery likely) ; (2) utilize the better engineers in field officesfor review of these programs; or possibly (3) return them to theDivision office when a cursory or moderate review reveals they areunsatisfactory.

g~estion, Mr. Peters: Is a mechanism available for requesting reviewof computer prograia~ developed outside the Corps?

!~!PlY I Mr. Sharp: Not to my-  knowledge .

~~~ ient, Mr. Beard: Perhaps there is some question as to whether OCEwould be wise to imply in their approval of a program that workusing that program would be automatically approved insofar as theprogram use is concerned.

~~~ly, Mr. Sharp: This Is a most important point, and I hope that Ihave not implied this . To be ure, a qualifying statement will beadded to the proposed directive in this regard.
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SEMINAR ON COMPUTER APPLICATIONS

SU?OtARY AND CONCLUSION S

by

Bill S. EichertW

The participants of this seminar represent a wide range of experience
in both compu ter use and hydrologic engineering, and have diversified views
according to diversified experiences in the different offices they
represent. The Corps of Engineers ’ par ticipants are from District offices ,
Division offices , Office of the Chief of Engineers , and The Hydrologic
Engineering Center . The non—Corps participants are from the US Geological
Survey, the Tennessee Valley Authority, and the Bureau of Reclamation .
These men range in experience in computer applications from those who
have had supervisory experience without familiarity with computers to
those who are exper ts in computer hardware and software .

The papers of this seminar discussed the use of small computer programs
(bo th generalized and specialized) , comprehensive generalized computer
programs and large specialized computer programs. The papers also cover
such items as programsing, real— time computer applictions , program
modifica tion problems, computer documentation needs , management of
computer use , hardware and sof tware availability, conversational program—
ming techniques , mass data analysis, and requirements for review and
certification of computer programs.

Because of the wide use of computers in the field of hydrology and
the limited number of papers given, many areas of computer use in
hydrology were not covered in this seminar , and several impor tant areas
were only mentioned in passing. The effectiveness of The Hydrologic
Engineering Center ’s effor ts in providing generalized computer programs
was discussed in general terms, but a realistic appraisal of the adequacy
of the NEC work in documentation , assistance , and general program capa-
bilities was not made . The advantages and difficulties encountered in
inter—off ice sharing of computer programs were discussed on several occasions .

The papers show the great progress that has been made during the
last ten years by the Corps of Engineers and others in the use of
computers in hydrology . Very few Corps offices were using computers
ten years ago , and they used them in a few simple applications . Now all
Corps District offices use compu ters on a wide range of problems, and

~
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many have medium—speed computers . Many others have terminals and are
sharing the use of high—speed computers with other offices. The progress
and experience by the New England Division office in the automatic
collection of hydrologic data , as described in paper 11, is an outstanding
example of new applications .

The necessity for using computers to keep pace with the number of
possib le alternative s for each planning or operation decision was
emphasi zed in several papers . The increased complexity of each individual
problem is magnified with each added dimension because of the inter-
action among problems . For example the need and capability to examine
water quality interactions has greatly expanded the planning and design
problems of previous generations . Without the computer and new mathe-
matical techniques, the additional studies required by these complexities
would have been impractical . The Corps’ development of generalized
computer programs for specific engineering applications has made it
possible for the computer to be effectively utilized on large and small
jobs in nearly all parts of the country . Several good examples of
programs of this nature were given in papers 1, 2, and 3.

The concept of a living computer program for the large generalized
computer packages was also suggested in paper 1. The basic concept
is that a computer program must grow or renew itself as new prob lems
develop and as new techniques become available.

Several of the papers presen ted flexible comprehensive computer
programs in certain areas of hydraulics and hydrology . Paper 4 presented
a comprehensive program for interior drainage computations which will
handle various combinations of river stage , gravity drain flow and
pump ing, over the historical period of daily flows , in sufficient detail
to provide the necessary information for a detailed economic analysis .

Paper 6 describes one of the most thoroughly tested computer programs
in existence , and one of the few programs available for unsteady flow
computation. The TVA program will accurately describe the movement of
water in a reservoir or river as it responds to the multipurpose operation
of the facilities Lounding the reservoir or river. The water release
operation may be as sudden as the near instantaneous come—on and shut
down of the turbines during power peaking or as gradual as the passage
of floodwaters through the control structures .

The Bureau of Reclamation ’s progress in developing a comprehensive
model for system analysis was presented in paper n~.ber 8. Their model
is designed to perform system analysis studies for multipurpose reservoirs
including irrigation , power, flood control, and water quality augmentation .
The progr am also makes use of both ground water and surface water
resource s in auto matically dete rmining the most economical p lan by using
a technique similar to dynamic programming.
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The use of a conversationally oriented real—time programsing system ,
as contrasted to running an entire job in batch mode , received a grea t
deal of discussion . The difficulty of checking intermediate answers for
reasonableness in a huge run made in the batch mode was pointed out .
This difficulty can be overcome by temporarily separating the large job
into several jobs until the adequacy of the input data is determined;
then the final processing of the entire job can be done . The value of
using the conversationally—orie nted system for training purposes and for
jobs requiring small volumes of input was also discussed .

Paper 12 on power of a general storage data array presented a new
idea to most of the seminar participants. The method p rovides for more
efficien t use of the computer core storage used for dimensioned variables .
AU dimensioned variables could appear in one common array and there would
be no limits on individual variables as long as the total items in all
variables does not exceed the dimension statement of the general array .
This technique is a substitute for dynamic dimensioning , which is
available on only a few compu ters .

The proliferation of computer programs and the extensive application
of compu ter programs in hydrologic studies have created unique problems
for persons who are responsible for establishing the validity of
computer—based studies . The degree of confidence that can be placed
in such studies depends on the degree of confiden ce tha t can be p laced
in the computer programs that were used in the studies. In paper 16 it
is reco ended that programs be categorized according to the extent of
testing and review that the programs have been given , and requirements
for review of computer programs are proposed .

Several of the discussions made reference to the need for adequate
computer program documentation , which led to the “conclusions ’ stated
in this regard .

Conclusions

1. The Corps of Engineers should continue its efforts in eliminating
unnecessary duplication in the District offices in developing and main-
taining la rge computer programs . The number of generalized computer
programs and solutions approved for use on a Corps wide basis for a
par ticular engineering problem should be limited to no more than two or
three . Consideration should be given to modifying these programs when
it is necessary to perform special related computations , rather than
develop new pro~rama . Special—pu r pose programs and programs that require
only a moderate development effort should be written in each District
off ice , since the time to train people to properly use these programs
could exceed the development costs.
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2. Computer program documentation should be co~~~nsurate with its
use . A minimum of documentation would be required for the special purpose
program that is used only once ; considerably more documentation would be
required if the program is to be used frequently . The generalized
computer program should be well documented and should contain sufficient
information for an engineer to use the computer program correctly .

3. It is recognized that the bes t documentation of the generalized
comp uter programs cannot fully explain the effective use of all of the
program capabilities to every user. Therefore , special training and/or
assistance should be available from the developing office to help new
users become acquainted with the more complex programs . Formal or
informal training from a few days to 2 weeks may be required to effec-
tively avoid the apparent use of the black box approach . A reasonable
amount of time should be givee by the superviSor to the engineer to learn
how to use these large programs . Reviewing source deck listings , studying
flow char ts, and running sample data based on hand computations are all
good ways to become familiar with the new program.

4. The Corps of Engineers should provide each Corps office with
modern computer facilities and service that include adequate memory,
speed, and provisions for rap id turn—around (5—60 minutes) . Where
adeq uate computer facilities are not available to use the latest gener-
alized comp uter programs developed in the Corps, administrative policies
should encourage ’the renting of adequate computer facilities from computer
service organizations. The use of in—house computers should be mandatory
only for applications where sufficient computer memory , speed , and turn-
around are available . The common practice of rewriting and stripping
large programs to f i t  on smaller computers should be discouraged where
adequate computer facilities can be rented . The use of rented computer
time should also be approved if the in—house computer cannot provide
turn—around time of 1 hour or less when required .

5. Administrative policies concerned with obtaining computer hardware
should be streamlined to reduce the time required to obtain new equipment .

6. Computer hardware selected for installation in Corps District
offices should have available adequately tested software that make a
comp uter terminal effective when used in conjunction with a large computer
in the Division office . The capabili ty of the system to recompile a
large program based on a few changes wi thout re reading the en tire source
deck is a necessary par t of any good system. The present software for
the CE—400 series computers being installed in Corps offices should be
modified to provide this capability .
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7. The Corps of Engineers should devote more effort to developing
generalized programs for short—interval routing. which operate r.s.rvoir
systems during flood p.riod s . These programs would includ. forecasting
reservoir inflows and local runoff and the determination of reservoir
re leases all on a real time basis . A separats program with similar
capabilities should also be developed for simulating reservoir system
studies as a planning tool.

8. Steps should be taken immediately to identify needs and develop
specifications for hardware and software to mee t the requirements of
increasingly complex real—tim . operation of large water resource systems.
The operation of existing reservoir systems is already taxing the
capability of available Corps computers , and the needs are increasing
rapidly. The consideration of operation constraints which are imposed
by environmental and social objective s and the increased emphasis on
optima l operation plans will soon result in computational requirements
that cannot be accommodated with the equipment currently available to the
Corps offices.
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