EVOLUTIONS OF COMPUTER CONCEPTS IN A HYDRAULICS LABORATORY
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ABSTRACT: Experiences of scientists and engineers in a hydraulic
laboratory indicate that electronic computers have been accepted

by the research staff, and that computers are being used to some
extent in almost every one of the highly diversified problems
encountered. Effective use is being made of three digital computers.
A teletype time-sharing terminal is being used for small problems,
in which fast turnaround time is egsential, and for debugging
subroutines and programs for larger computers. A medium-spead
computer which provides three to fecur runs per day is being used

for medium-size jobs and for final debugging of large programs.

A high-speed computer with 24-hour turnaround time is being used

for large programs. A subroutine documentation and index system

by which the computers document subroutines and maintain an updated
index has evolved. Examples from the system which “ag evolved are
included. Also included is an example of the use of the teletype
terminal to develop an acceleration-deccleration subroutine for a
model of a well backfilling program Future plans of the laboratory
include the study for possible installaticn of a real-time. data
collection, data evaluation, data reco..ing and computer control

system.
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EVOLUTIONS OF COMPUTER CONCEPTS
IN A HYDRAULIC LABORATORY
By Phillip F. Enger*

Introduction

As computers have become more readily available, most engineers
have accepted them as a powerful and easy-to-use tool. Although
this acceptance among some engineers may have evolved rather
slowly, as the computer has been accepted, engineers have realized
the tremendous scope of work that can be turned over to the com-
puter. They have also developed a desire to obtain a better
understanding of the capabilities and limitations of the computer
in order to use this relatively new tool more effectively. As
understanding is developed, the need for different sizes and

types of computers becomes apparent. In addition, as computers are
used more extensively, the need for adequate documentation

becomes imperative.

This paper discusses the evolution of computer usage in the
Hydraulics Laboratory of the Bureau of Reclamation at Denver,
Colorado. Included is a brief history of computer use in the
laboratory, the present status of computers available to the
laboratory and their use as well as information on studies of

possible future plans.

*Hydraulic Research Engineer, Hydraulics Branch, Bureau of Reclamation,

Penver PFederal.Centexr 6 DPenver Colorado



The lLaboratory

The Laboratory's present permanent staff consists of three engineering
administrators, eleven engineers, three technicians, and one

secretary.,

Although the Laboratory staff is relatively small, presently
under study are many and varied problems, including those

associated with:

air demand at gates and valves
aquifers and drainage systems
canals

closed conduit systems
collection systems

dams

energy dissipators

fish facilities and spawning beds
flowmeters

gates and valves

inlets and outlets
instrumentation

laterals

open-channel flow

outlet works

pipeline surges

powerplants

pumping. plants

repairs and modifications of hydraulic structures
reservoirs

sedimentation

seepage

siphons

spillways

stability of channels
stratified flow

surface protection
transitions

tunnels

turbines

water measurements

wave studies



With this large variety of problems and the relatively small
staff, computer usage became imperative. Therefore, all the
engineers have been provided with some training in computer
programming. Many of the engineers developed rapidly into

competent programmers, and at present, computer programs are

written as an aid to nearly every study which is undertaken.

Past Training and Computers

The computers which were first made available for laboratory
use were relatively small, and were programmable only in
computer-oriented language. Although these computers clearly
indicated the coming computer potential, only a few of the
staff were willing to spend the time necesszary to master the
computer-oriented language. Nc¢ formal in-house training in
programming using the computer-oriented language

was provided and the engineers interested obtainzd their
training from manuals or from local schools. In 1963 the
Bureau's Division of Data Processing at Denver made available
to the staff a large second-generation computer. The large
computer could be programmed in FPRTRAN II, and most engineers
immediately became interested in using the computer. As a
result, a short 6-hour course in FPRTRAK II was organized and

taught.

The goal of the course was to provide the basic knowledge
necessary to transform a small problem into a practical computer
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program which would provide results that could be easily inter-
preted by the engineer. Soon after the short course was taught,
a FORTRAN IV compiler became available, and a computer manu-
facturer's representative conducted classes in FGRTRAN IV. The
FORTRAN IV training consisted of 30 hours of instruction over

a 2-week interval. Homework, tests, and grades were given.

This training provided a firm background for the engineers in

the Hydraulics Laboratory.

Since 1964, either a second or a third generation computer, and
sometimes both, has been available to the staff. These computers
with FORTRAN IV compilers are capable of handling large problems
at high speed. However, until about November 1967, turn-

around time (the time interval between submitting a program and
obtaining results) usually varied from about 12 to 24 hours. For
small problems this represents a relatively long turnaround

time.

Present Computers and Use

Records maintained by the laboratory indicate that the most

common engineering problem encountered is of the type which
requires 1/2- to 2-man-days to complete by manual methods.
For these small problems, results are desired immediately.

It is impractical to give these small everyday jcbs the high-

est priority and thus provide rapid turcaround time on the



large computers. Therefore, with the aid of the Division of
Data Processing, a teletype time-sharing terminal was obtained.
The teletype terminal communicates with a computer in another
city by means of telephone lines. It may be programmed in a
F@RTRAN language, or EXTENDED BASIC. EXTENDED BASIC is a
mathematical-oriented language, and little formal training in

its use is usually required of an engineer familiar with F@RTRAN,

Using the time-sharing terminal, smell one-shot problems may

be written, compiled, and executed in an acceptable format
within minutes. Programs for the time-sharing terminal are
written by engineers, and the terminal is operated on an open-
shop basis. Technicians use the terminal to execute prewritten
programs, or in some cases, to execute short programs of their
own. The time-sharing terminal is also frequently used for

debugging routines for the larger computers.

A medium-speed second generation computer with 32K core storage
and a FORTRAN IV compiler is avialable for problams which are
too large to be readily placed on the timec-sharing terminal.
Limited access to the medium speed computer is available

during the day. The limited access provides about 2 to 3

hours per day of quick turnaround time for the execution of
engineering problems. During the quick turnaround time a

job not exceeding 10 minutes may be taken to the computer for



compiling and execution. The engineer is called when the job
has been completed, and, if necessary, he may revise the
program or data and resubmit the program for another rum.
When execution time becomes excessively long on the medium-
speed computer, the program may be sent to a high-speed
computer at a nearby university. As the program must be
transported to the university, compiled, and executed and
returned to the laboratory, only about one run per day is
possible. However, if the program is of high enough priority,
the engineer may accompany the program to the university

where several runs per day are possible.

Using the three computers provides gervice for all types of
programs - from small one-shot throw-away programs to large

mathematical models.

The three computers function weil as complementary units. The
time-sharing terﬁinal ie frequcntly used to debug small routines
for larger programs. The small routinegare then revised for
compatibility with the larger programs. The complete program

is then executed on one of the larger computers. This process
often considerably decreasrs the eifort and time involved in
debugging large programs. The routine for the time-sharing
terminal may be written in FPRTRAN in which case very little

change in the routine is necesszry. However, the routine may



also be written in EXTENDED BASIC. If EXTENDED BASIC is used, the

program may be readily rewritten as a subroutine using F@RTRAN IV.

The entire program may then be complled and executed using the

medium-speed computer or the high-speed computer.

An example of use of the computer for this type of problem is
shown in Appendix I. The problem involves backfilling wells
with sand-gravel mixtures. As the wells may be of different
depths and the water surfaces at different elevations, it was
necessary to write an acceleration-deceleration subroutine for
the various size particles near the water surface. If the
water surface in the well stands near the elevation that
particles are being added, the particles will enter the water
and accelerate to their terminal velocity. However, if the
water surface stands several feet below the elevation at which
particles are being introduced, the particles will accelerate
to a relatively high velocity béfore entering the water and
will then decelerate to their terminal velocity. In other
words, the particles will travel different distances after
entering the water in a given time interval depending on
conditions under which the well is tested. In Appendix I

the routine is presented written ficst irn EXTENDED BASIC and
then converted to FRTRAN IV. It may be noticed that these
two programs are not identical. However, un examination of

the two programs will readily revsal their siwmilarities.
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Subroutine Documentation System

As computer use progressed, it was realized that many engineers were
writing programs to solve similar routine problems. These small
programs were somewhat specialized and dealt primarily with
operations in the Hydraulic Laboratory. Often the programs were
written for only a special range of conditions which were of
interest to the engineer, and as a result the programs were not

generalized.

Sufficient personnel were not available to develcp a completely
generalized and documented catalog of programs for the Laboratory;
however, a limited subroutine documentation system was started.
The purpose of the system was to maintain small programs and/or
subroutines with sufficient documentation to allow them to be
located readily and used in future work. The ohjectives of the

documentation system were to:

1. Provide an index which would permit routines to he located

and updated readily.

2, PFurnish descriptive material in a standard format. The
descriptive material would include the program purpose; information
on how to call the program; input and output data reguired; and
special information, such as tapes ugsed and error reports for

diagnosing.



3. Provide an estimate of the approximate necessary storage.

4. Furnish a program listing including clarification comments

when necessary.

5. Provide mathematical ideas used in developments and examples

of output data if necessary for clarification.

6. Provide name of programmer and date program was written.

To implement the system two short computer programs were written

and a three-level system was established. The first level of the
system consists of an index whi-h lists the various routines avail-
able. The second level coiisists of the descriptive documentation,

and the third level includce a program listing and necessary clarifying

information.

An example of a page from the index with some typical headings is
shown in Appendix II. Routines are entered under subject headings,
examples of which would be air models, ciosed channel hydraulics,

and mathematical subroutines. Information listed under the headings
include the routine name, a brief descripcion, and the pages on which
additional information regardiig che routine may be located in the
next two levels. The index may be updaied whenever a sufficient

number of programs are added to or subtracted from the system.



The second level consists of the descriptive documentation of the
program. An example of this level is shown in Appendix II. Standard
headings are provided in the nrogram which was written for this level
and they may be used as desired. Standard messages under some headings
are provided and may be used when they have meaning. Examples of
standard messages which are useful for most y.ograms are: Peripheral
device indicators used for inpu?t and output of data; language used
(usually FRTRAN IV) and status of the program (developmental or
production). Other information provided by the descriptive documentation
includes: The programmer's name a .1 date the program was written,
purpose, calling sequence, input required, output data from the program,
storage required, and how the program can be changcd for minor
variations. This information, furnished by the programmer, is then
placed in standard format and listed by the computer. Sufficient
descriptive documentation is encouraged. If it is desired to add
subsequent information to the documentation, a new computer run may

be made to readily add the updated’information. Information in the
descriptive documentation section is entered and page numbers are

added as it is received in chronological order. The information is

readily located by use of the index.

The third level of the system includes the subroutine listing, and
any necessary clarifying information. Clarifying information may
include comments about the program, mathematical information used ‘a

writing the program, graphical data to explain the program, error
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information, examples of output or iuput data, or other information
the programmer believes should be included. An example of the third
level with some clarifying information is shcwn in Appendix II.
Routines are also entered and page numbers added as they are received
in chronological order. Subroutine listings may be readily located

by use of the index.

Use of Subroutine Documentation System

When the engineer desires to write a new program, he may look
through the index section under subjects related to the problem.
If he finds programs he thinks wuwuld be usefu! to him, he proceeds
to the descriptive documentation and/or program sections. He may
at this point accept or reject the subroutine. Acceptance may be
by actual use of the subroutine with his new program, or in use of
the subroutine as a base for developing a new routine which more

nearly meets the needs of the picLlem.

When programming, engineers ofter recognize a portion of the problem
as one which may be encountered in the future. When this is
recognized, they write that portion of the problem as a subroutine and
enter it into the system. T.. _omplete prerram may also be entered
into the gystem if the engireer thinks that othere may have a use for

it.



Future Plans

A study is now underway in the Laboratory to determine the feasibility
of using a computer complex to provide for the collection, evaluation,
recording. and formating of data from models, as well as furnishing

specified output signals for controlling Laboratory equipment.

Data collection would be controllable by programmed instructions
entered through a control console and/or a remote terminal. The
computer complex would be capable of accepting electrical input
signals in both digital and analeg form. Analog input signals would
be of both low-level {(millivolts) and high-level (volt) types. The
input signals would originate both from voltage output devices and
contacts, and from manually operated input devices located at the

model,

Input data would be processed and formated by a previously compiled
program, énd the compiled program and/or a remote terminal would
originate specified output signals for controlling various equipment
in the laboratory. Three types of output signals would be provided.
These would be: (1) pulsed signals for typing at a remote terminal
and programmable pulsed data for equipment operation; (2) on-off
lines for controlling relays; and (3) programmable d-c analog
signals. The necessary digital-to-analog, analog-to-digital, and

other conversions would be included in the system.

12



A simplified concept of how a system of this type may be used to
provide a varying programmable discharge through a hydréulic model

is shown in Figure 1.

Input/Output terminal boards with the desired number of input-output
plug-type receptacles would be placed at convenient locations through-
out the laboratory. If desired, multiplexers (switching networks that
perform the function of sequentially switching various signal

sources into one common channel) may be placed external to the terminal
board. Although this would increase the potential of the system,

it would be necessary for the computer program to take into account

the varying signal sources,

Both read/write magnetic tape drives, with formats compatiblé with
other computers, and a large auxiliary memory unit of drum or disk

type would be included in the system.

Software would include a control-oriented and problem-oriented
language similar to F@RTRAN. The system couldlbe used to compile
and execute small programs (similar to those now being executed
on the time-sharing system) when the data acquisition and control

functions were not being used.
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DRAG

10 DIV ZC10)s YC105,5), V10), FCIOD
20 LET A = 1494/2.39E-5
30 FAR J = 1 TG 10
40 READ 2D
50 LET D = ZEIY/25.4
650 IF D >0.054 THEN 100
70 IF D >0.0034 THEN 120
0 LET VOJY = 43895 % D12
90 63 T@ 130
100 LET V{J) = 554943 % SGROD
110 63 TS 130
20 LET VD 239 % D
30 LET VO J(JY /30448
40 PRINT USIZE="3ZCJYs"M+"s ' " "WEL='""3V(JI)3"FT/SECY
50 NEXT J
60 READ F1.,D6
70 LET Vi1 = SQR(64«4%F 1)
PRINT "INITIAL VELBCITY="'3V1s "'FT/SEC"
90 FOR J = 1 T2 10
N0 LET FCJ) =0
10 LET D = Z{J) /25.4
20 LET DI D12
230 LET Al 0+785398 * D112
240 LET va 14523598 % D113
250 LET W = V2 % 102.96
260 LET Wl = V2%165.36

H onu

N IO D et ams s s e e e
N
]

270 LET P = VI

280 FBR K = 1 T2 5

290 LET Y (Js-K) =0

300 LET T3= O

310 F9R M = 1 TO 100

320 LET T = ABSC(P-V(J)) * 100/V(J))
330 IF T < 5 THEN 590

340 LET R1 = A % P % DI}
350 IF R1>157 THEN 440

360 LET E = =1

370 LET G = L3G(27.3)

380 IF R1 < 1.5 THEN 410
390 LET £ = =045 ‘

400 LET G = L8G(22.1)

410 LET C = E * LOG(R1)Y +G
420 LET € = EXP(O)

430 G@ TG 450

440 LET C = 1.7505

450 LET H = 0.97 % C * P12 % Al
460 LET F2 = wW-H .
470 LET X = F2 % 32.2/W1

480 LET T4 = ABS(0+5 * (P=V(JI))>/X)
490 IF ¢ T3+T4) > D6 THEN 510
500 GZ T3 520



PG Uy U
UL N LD e

%A% CONTINUED

0 LT T4 = D6-T3

0 LET v6 = X *% T4

0 LET S1 = P % T4 + 0«5%XET4t2
0 LET P+ Uh

0 Ll } TCJIsKY + S1

5390 LET T7 = D6 -T3
N0 LET D7 = Vg = T7
10 LET Y{JaK) = Y(Jsx) + D7

520 LaT #£0J) = FCJ)Y + Y(JsK)D

530 PRINT ""J=""5ds "K="3K, "Y=""35Y(J>K)» "F="3F(J)
40 NEXT K

350 NeAT J

5560 DATA Be35755e¢804676544153e552e¢952e451e951.2

670 DATA 1.1
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16
18

12
15

11
10

PAGE NOo
SUBRDUTINE ACCDEC
NIMENSION SIZE(20)s SVEL(23)y DS(2045)s TDFv(20)s COUNTZ(20)
COMMON SIZEs DSe SVELe Vs DT TDFve CQUNTe COUNTZ,. EFFSIZ
A = 1,34 /2:39E-5
DO 10 J = 1y 20
TOFV(J) =0.0
D = SIZE(J) /25.4

DI = L /1240
Al = 0.735398 » Dle#n2
V2 = 0.5235%8 « Dlenl

W = ve & 102.96
Wls ve ¢ 165.36

PVEL = V

DO 11 K = 14 5

DS(Jsk) = 0.0

TSUM = 0.0

DO i2 M = 1s 100

TEST = ABS((PYEL=~SVEL(J))#100.0/ SVEL{J))

IF (TEST .LT. 5,0) GO 70 15

Ri = A % PVEL # D1

IF (Rl «GT, 157.0) GO TQ 16
-1.0

ALOG(27+3)

F (Rl «LTe le8) GO TO 17

=05

ALOG(22.1)

E # ALOG(R1) + G

ExP(C)

O TO 18

1.7505

0'97 i % PVEL*%Z L Al

W = H

F % 32.2 / W)

AbS(D.5% (PVEL =SVEL(J))/ X}
IF((TSUM +T) «GT« DT) T = DT = TSUM
ve = X ¥ T

S1 = PVEL % T + (0,5 ® X @ Tu#ug
PVEL = PVEL - Vvé

DS(JeK} = DS(JaK) + Sl

TSUM = TSUM + T

IF (TSUM «GE. DT) GO 7O 11
CONTINUE

TDIFF = DT =~ TSUM

DISTIN = SVEL(J) % TDIFF

A MITOOOODOM~OM

DS(JeK) = DS(JeK) + DISTIN
TOFV(J) = TDFV(J) + DS{J+K)
CONTINUE

CONTINUE

RETURN

END
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HyDkAULIC LABORATCRY SYSTEMS INUEX

PAGE NO. 1

‘IR MCDELS

ATRWGT == TC LETERMINE THF wT OF AIR FOR VARIOUS CONDITIONS
DCCUMENTATION PAGE NO.
PROUGRAM PLGF NO.

CLOSED CHANNEL HYDFAULICS

CMETER == T(C TYFE UISCHARGE TABLES FOR VENTURI METERS
DOCUMFNTATINN PAGE NCo.
FROGRAM PLCF MO,

FRCTIN == TC C(OMPUTE FRICTION FALTOR FOK A CLOSED CONDUIT
DCCUMENTATION FAGE NC.
PRUGRPAM PEGE NG

FRCTNzZ== COMPUTFS FRICTICON FACTOR IN PIPES FROM PRESSURE DRQPS
DOCUMENTATION FAGE NO.
PROGRAM PAGF NO.

DATA HANLLING ROUTINFS

- D AR S S W n WSO Ny AO Y  wm e W  w W R g W

[ ]
%

HOE&GM == TG CRGANIZE RAN[DOM DATA CAREDS
COCUMENTATION FAGE NO,
PROGRAM PAGF NG,

COCUMENTATION PRbGRAMS

CACLMT == TG LOCUMENT SMALL HYDRAULICS PROGRAMS IN STANGARD FORMAT

CCCUMENTATION PAGE NQO.
PROGRAM PAGF NO»

280
25P

425
a9p

10U
107

660
58°

12 SUBSCRIPTED VARIABLES.

830
81°P

ig
1P



28D
DESGRIPTIVE DOCUMENTATION LEVEL

SUBROUTINE AIRWGT

- G W WS R SR e am TR WS W e -

PURPISE

TIMPFRATUREy PRFEOSURF ANU RELATIVE HUMIDITY ZCNDITIONS.
CALL BY =
CALL ATIRWGET ( Te H3e PRHe w )

NECcCSSARY INPUT VARIABLES

R R R R o E R N R g gy ey

Te HGy PIH

APRAY LIMITS

NONE

HESCRIFPTIONS
T = TEMPEIRATURE IN DEGREES FAHRENHEIT v
HG = PRESSUREL IN INCHES OF 4G (28,5 INCHES IS USED AS BASE)
PRH = PERCENT RELATIVE HUMIDITY

VARTABLE TYPES

Ll TR Rl L B X ¥ Y]

i ALt VARTIABLES AR¢F STANDARD REAL AND INTEURS.

OUTPUT VARIABLES

£

ARRAYS

NONE

JESCRIFTIONS

W = WETIGHT OF ONE quUBIC FT oF AIR IN LBS

VARTABLE TYPES

---—-(--—qmu---

@ ALL. VARIABLES ARE STANDARD REAL AND INTEGPS.
STORAGBE RFQLUIREY
--;;5;X;F-EEEG;;En IS ABOUT 144 wORDS (48 BITS)
TARPES USED
TAPZ 3 May BE {ysStd FOR WRITE IF TEMPERATURE IS OuT COF LIMITS

WwRITTEN 8y BATE

- W . D - o - -

eHILLIP Fo ENGER 2716767
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SUSKIAUTINE AIRWG!

e TR G Gy W D R S e W D S R S PR P oS

ADIJTITINNAL INFORMATIAN

D p T TR N WDy e F 0% SN A g B e B we TR uy WA W

OROGRAM MAY EASILY 3F CHANGED 19 USE A PRESSURE READING IN PLACE
nF INCHES OF HG.

# END DOCUMENTATION



25P

SUBROUTINE LEVEL
Se.A 02/17/67

SUBKOUTINE ATRWOT (Te ride PR-e W )

I'-"((T LT .52-'4) ‘_QH. (Il «GT. lUS.U)) WRITE (3¢ 1) T
LyFOmimal (1H1esXs  6dH YOUR TE4PERATURE 1S BEYOND THE RANGE OF THIS
1POUGKAMY TI1T TS =eF0e2 )

1E (T oGTe S%eu) 60 TOQ ¢

w =(—\J.UUCIHIJ)*T + (l.b”l?d

G0 Ta R

It (‘[ CGT. C’“‘JCJ) 60 IO 13

W= (=0.000134)%T + Ue0BOTT

w( TO 3

W= (=GeuGui22)#T * 007975
T T = HE = 8D

DELY (=g 00 ua9l66)%] + (.00289]

Ay = TM # pF|w

W= oW o+ ADDL

T = PR / 1gaeu

IF (T «GTe 77.4) G0 70 8

DLAY = (G (34394)%T =11.9746

nELW = ExP (D) i)

Sins o= TM % yeyw

o= oW o= Slip

a0 TU b
5 OOLNW = ({.029966)%T - 11,5646

NELW = EXP (U N%)

SUH = T % UFLW

w = W o= Slp
A O RFETURN

D

A



The system by which the weight of air is presently belng calculated

is essentially:

W=£ (1) + (H - 28.5) £,(T) - (-i’if%i £, (T)

W = weight of air in lbs
z (T) if T<55°F
£, (T) = -0.0001513 T + 0.08172 (32 + 55)
if 55° F<T<8°F
£, (T) = -0.00134 T + 0.08077 (55 + 85)
if 85° F<T<105° F
fl('l') = =0.000122 T + 0.07975

HG = inches of mercury

£,(T) = 4.9166 x 10™° T + 0.002851
PRH = percent relative himidity
£,(T) = if T<T0°F
£4(T) = 0.034394 T - 11,9746
if TO°F<T

fs(T) = 0.029966 - 11.6646



