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THE OPTHUM USE CF WATER FOR POWER CALCULATED BY
DATATRON ELECTRONIC COMPUTZR

By
J, D, ElisY/

Pacific Power & Light Company completed installation of a Datatron Electronic Computer System
at its Portland office in the Public Service Building in June, 1957, The arrangement of computer,
computer conscle, input and output control units and paper tape, magnetic tape and punched card
units in the computer room, is shown in chart 1, These principal components of the computer cost
about $300,000 and do not include the auxiliary IBM equipment that we lease, The cost of the com=
puter is justified by savings in billing and other accounting work, In addition, it makes feasible
the solving of many engineering problems and the processing of much engineering and operating
data otherwise not possible,

When Swift No, 1 (LLO,000 acre-feet of storage) and Swift No, 2 are completed in December, 1958,
with existing Yale and Merwin plants there will be approximately 900,000 acre~feet of storage on
the Lewis River, This will substantially control the natural flow and whenever Muddy Project
(277,000 acre-feet of storage) is built twelve miles up river from Swift No, 1, the five hydro
plants and four storage reservoirs with approximately 1,170,000 acre-~feet of usable storage will
bring the Iewis River completely under control except under extreme conditions, (See chart 2)

The calculation and summation of power generation at all five of these plants, involving
drafting and refilling of four reservoirs, is a long and tedious job for an engineer using tables,
curves, and a hand calculator and would take him approximately two days to figure energy output
and peaking capacity for one year by months,

Recorded natural flows in the lewis River at Merwin Dam vary considerably (minimum day 700
Cfs and maximm day 129,000 Cfs), This necessibates careful planning of reservoir cperation,

Storage is used to augment low natural flow in the fall and winter months in adverse years
and to catch excessive high flow in winter and spring months, regulating flow to within capacity
of turbines and providing seasonal storage for winter heavy load periods,

1/ J. D, Ellis, Pacific Power & Light Company,
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INFORMATION IS INTRODUCED TO THE COMPUTER SYSTEM BY [8M CARDS THROUGH
THE 1BM COLLATOR, WHICH READS THE PUNCHED HOLES IN THE CARDS AT THE RATE OF 240
CARDS PER MINUTE. THE DATA IS THEN TRANSFERRED TO THE CARDATRON INPUT UNIT WHICH
TRANSLATES THE 1BM LANGUAGE INTO COMPUTER LANGUAGE, AND TEMPORARILY STORES THIS
INFORMATION UNTIL THE COMPUTER 1S READY FOR IT. THE EQUIVALENT OF THE DATA ON ONE
IBM CARD 1S TRANSFERRED FROM THE CARDATRON INPUT UNIT TO THE COMPUTER AT THE RATE
OF 0.030 SECONDS. THE MANIPULATION OF DATA BY THE COMPUTER, SUCH AS BILLING CAL-
CULATIONS, IS ACCOMPLISHED AT HIGH SPEEDS: 500 10-DiGIT NUMBERS CAN BE ADDED (N
ONE SECOND, 120 10-DIGIT NUMBERS CAN BE MULTIPLIED CONSECUTIVELY IN ONE SECOND,
AND 85 10-DIGIT NUMBERS CAN BE DIVIDED CONSECUTIVELY IN ONE SECOND.

THE INSTRUCTIONS FOR THE COMPUTER TO FOLLOW AND ADDITIONAL DATA RECESSARY
FOR VARIOUS COMPUTATIONS ARE STORED IN THE MAGNETIC DRUM HOUSED IN THE COMPUTER AND
ON MAGNETIC TAPE REELS [N THE MAGNETIC TAPE STORAGE UNITS. AFTER PROBLEMS HAVE BEEN
SOLVED, THE COMPUTER TRANSFERS THE SOLUTIONS TO THE CARDATRON OUTPUT UNITS WHERE
THEY ARE TRANSLATED INTO 1BM LANGUAGE AND EITHER PRINTED OUT ON THE IBM PRINTER
AT THE RATE OF 150 LINES PER MINUTE, OR PUNCHED INTO IBM CARDS ON THE IBM CARD
PUNCH AT THE RATE OF 100 CARDS PER MINUTE.

DATA CAN ALSO BE FED INTO THE COMPUTER USING THE PAPER TAPE SYSTEM ATTACHED
TO THE CONSOLE AND PRINTED OUT ON THE TYPEWRITER CONTROL UNIT OR PUNCHED OUT ON
THE PAPER TAPE PUNCH,

THE POWER CONTROL UNIT TRANSFCRMS 2C8 VOLT ALTERNATING CURRENT INTO 14
DIFFERENT VOLTAGES FOR VARIOUS COMPUTER SYSTEM CIRCUITS, REGULATING THESE VOLTAGES
WITHIN 1% TOLERANCES.



PACIFIC POFER & LIGHT COMPANY'S DEVELCPUENT PLAN FOR LEWIS RIVER
¥ax, 15

PROJECT 4 /300

TO PORTLAND /

Existing: ¥erwin G0, 000 5T MT. ADAMS 7
i 1331000 = MTSTHELENS ' 531“4
Under Construction:  Merwin 50,000 KW W - ¢
Swift £1 250,000 K¥ —-2 S ¢
Swift #2 70,000 K% 4 & S WER
license Pending: Ypddy 110,000 KX { 2
Under Investigatiom: Meadows 100,000 KF *
Total 5000 KW / MUDDY PRO)ECT
110,000 K
SWIFT PPOJECT P EADOW o
320,000KW mzwscrh

_ k AREA

<

= MERWIN PROJECT f

£ 150,000 KW &

AT % }
& e S

t’ £ 75 ] o MUDDY

£/ = =

3

‘ SWIFT NO.2 :
ALE CONLITZ Biib. H =
pQOJECT £/. 450

PROFILE OF LEWIS RIVER DEVELOPMENT

- - e Marci 14,1956
= e Meciar? Year

Z 104D

PACIFIC POWER & LIGHT COMPANY
o LEWIS RIVER CAPABILITY )
MONTH PLANT  ELEV FLOW wOD  SPILL FACTOR  PEAK  AVG  ENERGY FACTOR  PEAK AVG " ENERGY
O CFS _ CFS  CES  KWJCFS . M MW Mar _ Kw/CFS Vi o MiH
JuL MuDDY  1299.0 1083 1902 My Thjer AR
JUD SWIET  99%.4 143§ 1324 22k 30348 50s63 374669
WL YALE 48%e0 1674 - laBg . o5 13307 Jasge  jejeas I
JUC  MERWIN 23940 17%0 15322 V73 14849 15460 16582  91.70  696e6  115.66 894027
5 oY 20040 580 517 Tty —ESvES iages
SyicT  1000.c  sa3 81 58423 aoi.a 3lelz 224153
ALE s P TR B i 1423
MERWIN  23%. 85 351 B 08— sores - 1T 2™
MUDDY - L2GRe0 - 585 —— T} — 224568 11342 16425 114200 B R
SWIFT  9%4a0 828 1405 58950  308s9 54409 384945
YALE 67740 530 2z8% 17258 128ek  slal6 294635 .
MERWIN 732%0 10%0 289 TS THIe T—299n T 2673T B E2 2o 50v53 Aaa o
MUDDY. ... 1296 183 25937 169442
5u!F¥ 98’.:3 ilkg 196% 381518 R
L 47040 1370 2385 33,636
NERWIN 23998 1888 - 3143 304891 92457 _.5686s7 _ 184493.. 1375587
MUDDY 1293490 2300 2488 12042 424430
.“'57 TIoT0 (344’ FA54 LE4LE ToTYD
47040 4374 3204 123,2 £75201
VEESin 23308 3338 e3%0 16747 553112 91407 681s2 365447 2564019
700 3083 119 54y52
399, 2388 % 42 H
4639 5372 12246 864238 )
5606 7257 142.8 710568 90470 87640 411496 2064512
2530 439 20431 11040 §31033 :
5270 cgee 36487 25146 1 138,183
i7ge-  E5L2 13086 12246 " 1 77205 - -
€490 824k 12.61 14208 1 773335 85475 56648  4B0e86 3574760
230¢ 3702 T 37446 10048 43,645 e :
3308 &3a3 s 3802 o 1674923
s - Siyse- - reiw e
6043 Talt 13e23 14248 861199 83453 65726 417432 2804446
2390 2607 ~ T 1748 TECeY WEebl T IAGETE T S s
3007 3355 36491  291e4 123483 92.130
2 1 - } 22wl Tl GBI - - e pawm—r— s
8235 2886 15138 et Bueb2  63TeT 32398 241,042
— Y2T0WD ) b4 SEy3T <
33903 399y it BRI T
4775 3169 31242 1228 Shebk 354197
5986 4375 133 B SBsal EZ 055 T EEEYY 631507 T230:01 1655607
3960 - 2197 - — 21e27—— 10245 46.T3 . 344261 e "
4934 g34 37000 2e8 1oa.ls= 784002
2689 5744 37088 139:8 '2,id 35,528
CEar- Sre Tegid resyio—tipEe Fv6e .t eI 242eBO— 1809710
2700 1581 22557 113a2 235560 254632 -
34320 §o5 §5085 29608 3Tia 259933 =
3915 1303 i£e39 13129 23457 1£3970
3250 1637 - 13496 14743 TS 135081 Q1e28 658242 11762, ._ 844686
_ _SEPT THRU MARCH TOJALS YEAR TOTALS
) " S HwH M= Wu—l0 N
»UDDY 268,248 127247 523423 3215 134 )
SWIFT 85095562 35871 % L<0zu BISFIPY = mTT o,
YALE 2884580 151242 4479 512,693 R
MERWIN o .3904532..— 173046 0277 5023019 N
TOTALS 15989022 §077s° 3121011 22714225 ~
_ i S




56

240,
SN SN SUpN / 140
230 _/ ny -
S e R S 130
-~
g /|
JUF7 7 S S - - u..u.,./
b
by
%2!0 . .1.,.,... . ﬁ{ [N IR SR S i ‘:‘j”;
i e a9 §
- P i - _— e
200 ..//- ST A R D S —— ] I;:f
e e . - -1 lo.e
. i
10| i
! 100 He e ’Ma

MERBWIN

Reze=voir Storzge Curve

s

Mesr=iomsell ¢ Fe % En=iriss

Heservorr Stesye (10w BE1)

s 260 Zio rie B 2%
Eleyatiay 59
MERWIN
TarlwaZer Currve
i g
= Pad :
=1 Ve -
: / To=o.o7ds + 52,08
o,
3 /
i : - _
- / “Ta = 16325+ l.o.u(,ﬁ/- 5.03%25% '!‘-‘&
* 44 .
/
. _/
"l 2 .
& z ) v o 4 K - ] L

[
water Loaciarss Lax

C/‘?Gl”l‘-ﬁ—

Praking Capacity __'{]é._ﬁeserm;r Flavation

Q»e
Reserverr Frevatisre
; *

| Water Ffszu=cTizme

Tridiakze for
jMexs

I

b

r - . Digerg |
Fhesical Thavactemsts of Foois|
Oreva? = Tprzoecaecs !
Tar'te & Jeries H

[ .
! E,uﬂ»‘! iews

|

i Ceatime
| Averace Eaemqy [ HE
| Tetal Ereny r_.“f!“"’l '

Monti |

ME WM

kwjcss V5 Gross Head

J2X; S

N

-

- hee 130
Peaking r'.,z--..-;ff(»mﬂ

/50

o 172
G ross Head (FY)

£ ]Jb(/'_j



57

With the velatively large amount of storage that will be available with the addition of Swift
Project, it will be necegsary to operate on a runoff forecast basis from the lst of January until
reservoirs are filled in early summer to assure refilling of all reservoirs, Bach revision of
runcff estimate will require recalculation of power output from all plants for remainder of season,
Long caleulations like this that are repeated many times year after year are particularly suited
to digital computers which save meny man=days of an engineer's time,

When meking studies of power resources on evaluating a proposed hydro plant, it is customary
to compute monthly plant output through twenty to thirty years of historical water record, To
make this calculation with desk calculator for five plants on the lLewis River covering thirty
years of water record would take an enginser 60 working days, We can now, with the Datatron,
make this computation in two to four hours, depending on the type of program we use,

We have just recently been making an extensive study of fubture power resources and firm
capabilities under a number of assumptions, After studying and testing all the low water years
for firm. capability and establishing reservoir rule curves for each assumed condition of loads
and resources, a total of eight sets of historical water years were computed, Altogether about
300 years of power generation were calculated in aboubt LO hours on the computer, Due to recent
changes and improvements in our computer program, we could now de the same amount of work in
half of the time, By the old hand method of calculation this work would have taken an engineer
two years working L8 hours per week,

It is now possible with the use of the electronic computer to make many more studies, realizing
greater accuracy of storage regulation and power generation under all water conditions, than were
ever possible before, The calculations are uniform and consistent for comparison, thus elimin-
ating human variations and errors, A sample page of one year!s computer calculations for Merwin,
Yale, Swift and Muddy hydro plants, as. printed by line printer of computer system, is attached
ag chart 3, ,

The bulk of the time devoted to calculating problems on an elsctronic computer is tied into
the preparation of the computer programg therefors, the computer's great advantage is in solving
long and repetitious problems, Our first program for Yale and Merwin plants, which had about
800 steps, took an engineer six weeks to prepare, including tabulating stream flow records,

T will briefly outline the pattern in setting up a computer program, First, a block flow
diagram is drewn to provide a sequential framework of related steps, including logical decisions
at certain critical pointsy which the computer must follow for sach monthly calculation, A very
simplified form of such a diagram is shown on chart lj, Our complete flow chart also has all the
formulas to be used in calculations, dncluding formulas for reservoir storage, kilowatis per cfs
factor, plant peak capacity and tail-water curves, All the limitations involved in the logic of
a program such as generator maximum and minimum output, and upper and lower limits of storage
reservolrs are also included, One set of these curves with formulas for Merwin Plant are shown
on charts li and 5, Our present program for the five-plant computation has 2160 steps for each
month, (five pages of diagroms) 3 however, the estimated average steps the computer takes per
month is 1600, or 19,200 steps for a year, Preparation of a flow diagram with formulas represents
about 60% of the time in programming, The next step is to convert the flow diagram to computer
language by writing, in proper sequence, tables of addresses for stored data together with com=
puter commands for arithmetic, storing data, and for printing format, Then the program is punched
on either IBM cards or punched paper tape, which we used to put our program into the electronic
computer, All stream flow records for each plant are punched on IBM cards or paper tape to store
in computer memory, We now have 30 years of actual water record, the pool critical water year,
median year, and average water year all recorded on magnetic tape for rapid storing in computer
before starting our program operation,

The last step in putting our power program into operation is the input to computer wemory
of the reservoir rule curves we wish to use which have been punched on paper tape, A so~called
rule curve includes each month-end elevation of any desired reservoir for the full year,

At present we have severagl different programs for determining power output from present and
future hydro plants on the Iewis River, Our basic program that works with reservoir rule curves
can be modified to include Muddy Project in addition to Merwin, Yale and Swift, We have a program
for figuring daily generation for the existing Yale and ‘Merwin plants which serves as a guide in
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controlling the peak flows that go beyond machine capacity, Just recently a program revision

was made that enabled the computer to assimilate 12 months of power requirements and calculate

the corresponding reservoir rule curve, This program is valuable in figuring firm power capability
and setting rule curves for calculating power through historical water years,

Mean monthly stream flows for thirty years of record have been broken down to inflow for each
plant by the computer, Storage tables in steps of one~tenth foot have been figured and tabulated
with line printer for four plants, Computer time per plant storage table was about two minutes,

As need requires and time permits, I expect we will continue to refine, improve and add new
programs for computer use, When we have accumulated enough snow course and precipitation data,
I hope to have prepared a lewis River runoff forscast procedure for use on the computer that would
facilitate power operation for the current year,

We have been one of the first to use an electronic computer to compute power output from
hydro storage plants in series on a river system and it has been a great time saver and improve=
ment over the old hand method,

I wish to acknowledge and thank Mr, Wallace Forsman for his preparation of charts and
assistance on this paper,

DISCUSSICN OF

"The Use of Water for Power Calculated by Datatron Electronic Computer,"”

By
David ¥, Rockwood

Many engineers are now in a position to make use of electronic computers (both digital and
analcg) for application to their roubine engineering problems, When electronic computers werse
first developed, engineers usually held the general impression that such computers were designed
for highly scientifie application, usually involving complex mathematical relationships, Consid=-
erable such use of computers has been made, and their capacity for automatic high speed computation
has opened many new horizons in mathematical techniques, Computers are, however, able to solve
equally well, those routine engineering problems which involve the drudgery of large masses of
arithmetic computations, Included in this type of engineering problems are earthwork quantities,
structural design analysis, hydraulic backwater studies, streamflow synthesis, regression analysis,
survey traverse networks, as well as many other types of engineering computations, The paper
which I am discussing describes a procedure which falls within this general classification,

Experience in the use of electronic computers has led me to several general obssrvations,
The first is that there is nothing particularly mysterious in their operation and use, They
simply are able to perform large amounts of arithmetic compubation in phenomenally shord time,
and are able to do so in a completely automatic mamner, A person may well visualize the use and
operation of electronic computsrs by analogy to a room full of perhaps 1000 trained and highly
efficient arithmetic machine operators, Each would have a highly efficient desk calculator,
whereby each computation can be handled sequentially through a series of pre~determined instructions
to each operator, Although each of the 1000 operators is completely accurate, and can add two
10-digit figures in one millesecond, they are also complete morons except for their ability to
answer yes or no to a given arithmetic condition, As you can well visualize, it would require
a very complete and perfect set of instructions to this group of ambitious but dim-witted arith=-
metic wizards to handle a highly complex and intricate problem, Cne more limitation of this
mythical group of 1000 arithmeticians is that during the course of an operation all may be work-
ing prodigiously to provide you with an answer, but one of the operators may find a single error
in one digit, In this case, the entire operation ceases; and all of remaining 999 operators
will take a prolonged coffee break until that one error is corrected,

Ls you can see, then, the use of such a machine requires a considerable amount of experience
and judgment, in order to apply it intelligently and efficiently to a given problem, Even the
determination of whether a given problem should be set up for machine operation is something



