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T HE increased demand5 for  electric power cleated by 
war industries and the parallel scarcity of critical 
materials and manufactuiing facilities for iiiaking 

generators. transformers, dnd wire needed in a corie- 
sponding expansion of utility s j  stems lia\ e imposed 
severe operating problems on electric utilities. The 
increase in use of elect~ic energ) is illustrated in Fig. 1, 
where the total annual generation of energ) in the sli.ite~ 
of Arizona. California. and hevada has bitii plottcd. 
beginning with 1900. Actual statistics are not jet 
available to1 tile \ear  1941 but current recoid? phinit  
the estimate of approximate!) 23 billion kiloiid~t-hour: 
generated in these states in 1944. The output ill 1941 
was 14.4 billion kiloxsatt-hours. which means (L. i nicigj  
use since Pearl Harbor has increarcd 60 pm c-; 't. 

INTEGRATED OPERATION 

Earl? in 1942 it became apparent that the material: 
required for United States participation in tlie Nar 
and the production of equipment for the Allied coun- 
tries were causing a critical shortage of certain mate- 
rials. The War Production Boaid Mas given tlie task 
of consening critical war materials. At the same time 
the Pacific southsest area faced an incieascd electiical 
demand of approximately one million kilowatts of 1 1 ~  

war load; consisting of the production of electioljiie 
aluminum and magne:ium. steel. synthetic lubber. dii- 
planes. ships. and high octane gasoline. and for militar) 
camps, new housing. and rniscellaneo~is small industiies. 
Preliminary studies indicated that if the generating 

FIG. I. Annual generation of energy in the states of 
Arizona, California, and Nevada. 
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capacit) scheduled for installation by utilities serving 
the area was deferred because of the critical material 
and manpower situation. tlie Pacific souths eat M ould 
become one of the most critical power regions iii the 
Linited States. Accordingly. J. A.  Krug and V. M. 
Marquif. officials of the Power Branch of the War Pro- 
duction Board. came to southern California to stud) the 
problem. A meeting of utilitj executives was called 
1)) Mr. King. A program based on full integrated 
operation of all electric utilities was outlined which 
uould assure continuous electric service to the war 
industries and still permit the deferment of 715.000 
kilowatts of generating capacity then scheduled for 
installation. This program was agreed upon by all 
utilities. 

A committee was organized in Ma). 1942, consisting 
of engineers familiar with operating problems and rep- 
resenting all utilities in the area. The first task of the 
committee was to make a study of the resources and 
loads of all utilities in the area. In general this was 
accomplished In having a representative of each utility 
submit the load and resource estimates fo r  his sjstenl 
to Southern California Edison Companj's engineers. who 
compiled the information on an area-wide basis. Copies 
of the completed tabulation were distributed to the 
War Production Board and the several utilities for final 
analjsis. The completed studies were analyzed as to 
estimated load growth. adequacy of generating capacity. 
and adequacj of interconnections with neighboring utili- 
ties. A studj of contractual arrangements between 
adjacent utilities was made to ascertain their adequacy 
for maximum interchange of power. 

Upon completion of the load and resource studies 
an anabsis  of sjstem facilities was made for the entire 
area. which now consists of all of California and practi- 
cally all of Arizona and Nevada, with the object of 
charting an operating program which would assure 
adequate resources to car r j  the wartime loads of every 
utility in the area with a minimum use of strategic 
materials. Recommendationii were made for  additional 
generating capacity and for increased interchange 
capacity onlj  where una\oidable. I t  Vias the further 
objective to operate the entire area on an integrated 
hasis in order to assure a minimum use of critical fuel 
oil. After completion. the original studies were con- 
tinuall) kept up to date in accordance vvith changes in 
load estimates and 11) drological conditions. 

Under the guidance of the committee all the inter- 
connected generating facilities in the area have operated 
as  an integrated single sjstcm in order to inhure the 
maximum use of water power and to sale fuel oil. The 
increased interchange of 'power among utilities has 
saied critical mateiials nhich would hale  heen required 
for con~tiuction of nen generating e(11iipment. Since 
tlie neÃ lodds totalling ap1)roxirnatelj one million kilo- 
i t  attz \+ere added. the generating rapacitj has been 
increa'ed 1))  oiilj 550.000 kilowatts. ev luding the 
90.000 kilowatt generator which was released for opera- 
tion at Boulder Dam on l\o\ember 1. 1944. The present- 
da j  eenerati~ig capacity in the area is approximate!) 
4.590.000 kilowatts. 

TIME CHANGE A FACTOR 

Iii the states of Arizona. California. and Nevada the 
sale? of electric energj near]) doubled between 1939 
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FIG. 2. Typical winter day load curve of an electric 
utility showing the estimated effect o f  change from 

Standard to  W a r  Time. 

and 1944. This increase, however. was handled by an  
increase of only 25 per cent in generating capacity. 
Such a record was possible only through the close 
cooperation and integrated operation of all electric 
properties. The utilities have been greatly assisted in 
the effort to supply energy to the growing load at a 
minimum of new generating installations by the change 
from Standard Time to War Time. The effects of the 
change cannot he accurately evaluated but a reasonable 
estimate shows that the peak demands of utilities have 
been reduced by approximately 10 per cent. Fig. 2 
shows a typical winter-day load curve of the Southern 
California Edison Company and the estimated saving 
in demand due to Pacific War Time. The reduction in 
demand may have saved the installation in the Pacific 
southwest of generating capacity to the amount of some 
250,000 kilowatts and the installation of distribution 
transformer capacity in residential areas that is even 
more difficult to evaluate. 

GAS, OIL, AND WATER INTEGRATED 

In January, 1944, it became apparent that the water 
resources of California and the Colorado River would 
be subnormal for the year. necwitating a large con- 
sumption of critical fuel oil to cover the deficiency. A 
meeting was arranged in February, bringing together 
the electric utilities, oil and gas companies, the War 
Production Board. and the Petroleum Administration 
for  War. As a result of a cooperative program worked 
out at this meeting. fuel oil use for power has been cut 
by about 50 per cent. The Southern California Ediqou 
Company steam plants have in effect operated as a 
regulating valve for southern California gas systems. 
increasing and decreasing load to enable the gas trans- 
mission lines to operate at full capacity at all times. 
This has made it possible to operate oil wells at full 

output co~itiriuoucl~ without wastinor gas. Thus to co- 
operation among individual electric utilities was added 
cooperation with oil cornpanie- and ga- utilities. 

The accomplishments of the cooperative efforts urlder 
the direction of the committee ( an  he summed up as 
fo l low:  

I .  Integrated operationq have w e d  criti(a1 war mate- 
rials which would othertvi-se have been required for addi- 
tional generating equipment and transrnicsiori lines. 

2. Fuel oil was saved by the use of all water power 
re-iources in the whole area in lien of power geneiated 
by fuel oil. 

3. Additional savings in fuel oil were achieved by 
the use of surplus gas fuel regardless of itq location in 
the area. 

UPRATING OF EQUIPMENT 

In the field of transmission and tran-formation utility 
engineers faced the same conditions, i.e., increasing cur- 
rents and restrictions on material. The practice of up- 
rating equipment has been widely followed throughout 
the country as a wartime measure. The current-carrying 
capacity of overhead line comlurtors in the past has been 
based on a 40 degree Centigrade rice above ambient in 
"till air. Experiments showed that slight air movements 
such as two feet per second loner the temperature of 
conductors considerably and allow them to carry more 
current for the same temperature rise. For example, a 
4/0 stranded copper conductor would carry 360 amperes 
in still air  and 450 amperes with a two-foot-per-second 
a i r  movement around it ~ i t h  the same temperature rise. 
It has been very seldom, however, that the capacity of 
overhead lines has been limited hy the current-carrying 
capacity of the conductor<. The limitation has been as 
a rule the more or 1e.q~ arbitrary standard of voltage 
regulation. The war emergency has compelled utility 
engineers to sacrifice some of the high  standard^ set for 
voltage regulation of transmission and distribution lines 
in order to carry the added load on existing lines. 

On existing self-cooled transformers it is po.qsible i r ~  
practically all case-; to obtain an increase of 25 to 33 1/3 
per cent in capacity b\ the application of fans or blow- 
ers for forced-air cooling. This. however, as in the case 
of overhead transmit-ion lines is obtained at the expense 
of voltage regulation and for this reason has been lim- 
ited in practice. The past practice of the Southern Cali- 
fornia Edison Company in installing large pov~er trans- 
former banks has been that of instalHn0; four transform- 
ers. three of them in a bank and the fourth as a spare. 
When load required additional rapacity a t  the same loca- 
tion, two new transformers would be purchased and 
banked with the spare one to make a second bank. Dur- 
ing the war emergency the spare transformers scattered 
among the various su1)stations enabled the company to 
furnish service to new plants and military loads without 
delay by combining three spare transformers of similar 
characteristics removed from different locations into an 
active bank serving the new load. 

In a number of cacei it has been possible to shift or 
to exchange transformer bank- between lightly loaded 
and overloaded substa tions and thereby to put idle trans- 
former capacity to work. ^ipproximatelj 100,000 kza 
of transformers haw been shifted m\ the lines of the 
Southern California Edison Compan! in order to load 
them up. In some cases as many as three or  four sub- 
stitutions were made to release additional capacity. 4s 
an example, a new 75 kra transformer would displace a 
light4 loaded 150 k ~ u  transformer. The latter would in 



former, releasing it for service to a new load. A piogiani 
of this sort iinolve: much careful study of detail. of 
load records over long periods of time. and of prospec- 
t h e  load increases in all locations involved, but a;- in 
the case of integrated operation of generating facilities 
it has resulted in the carrying of increased loads with 
the addition of transformers equal to but a small frac- 
tion of the increase in load. 

Among problems created b j  scarcity of critical mate- 
rials the substitution of iron wire for copper and wood 
for structural steel should he mentioned. The subfatitu- 
tion of iron wire for copper is highly unsatisfactory. 
since tlie resistance of iron wire is in the order of 10 
times for the same size of copper wire. Fortunately the 
crisis in copper production was overcome before an) 
extensive installations of iron wire had to be made. A 
number of substations were built, using lumber in place 
of structural steel. During the last }ear. however, the 
situation has been reversed and lumber has become more 
critical than steel. 

LEND LEASE AND REPLACEMENT 

Late in 1942 the procurement division of the United 
States Treasury Department requisitioned two 42,500- 
kilowatt 50-cycle turbine generators from the Long Beach 
steam plant of tlie company for lend-lease shipment to 
one of the United Nations. This nation had suffered so 
heavily in production rapacity as a result of the 1 0 s  of 
a large power development that relief \+as considered 
necessary in less time than would be required for the 
manufacture of new machines. Under existing conditions, 
earliest pofasible replacement of the requisitioned gener- 
ators was highlj important from tlie standpoint of the 
Southern California Edison Companj as well as the 
Pacific southwest area. With the excellent cooperation 
of all interested parties, including the W.P.B.. replace- 
ment hds heen effected in record time. The work of re- 
moving two units and replacing them required a total 
of approximately 10 months from the time the first tur- 
hine was posted by the government representatives to the 
time of admitting first steam to the new machine. 

, 7  Hie requisitioned equipment, and hence the equipment 
that it was necessary to replace, comprised the turbine 
and generator, condenser. and all auxiliary equipment 
from the main steam header to the boiler feed pumps. 
with the exception of the circulating pumps and piping. 
The latter pumps were not taken with the units because 
their head characteristics did not conform to the require- 
ments of the foreign station site. 

Representatives of the Office of War Utilities; W.P.B.. 
offered lists of available equipment. Included was irifor- 
mdtion that manufacture of an 80-000-kilo~att  ma- 
chine had been undertaken for a Midwebt utilit) as part 
of an expansion progrdm thai had recentlj been can- 
ce1fc.d. Imestigation developed that although this ma- 
eliine had been designed for 850 p.~.i., QOO degrees Fah- 
renheit. manufarture had 01113 1)een started- and the ma- 
chine could still he adapted to Long lleacli :team condi- 
tion:. To adapt the original design to ,375 p.s.i., 700 de- 
grees Fahrenheit steam condition:. the manufacturer in- 
creased tui Line ftearn-ddnii~ion d i  eas- and prov ided [ u o 
steam siippiy lines. 

Each of the two generator windings has been con- 
nected to a separate 39.0(M) k~ a ti ansforrner hank I emdin- 
ing from tfie original in~tallatiori. The generator i~ to- 
tall) enclosed and equipped wit11 self-contained heat ex- 
changers. peimitting the use of hjdrogen as a cooling 
medium and condenaatc as a coolant. The direct con- 
nected exciter is air cooled, 

Allis Chalmers company built the condenser to C. H. 
Wheeler Company design, originally prepared for the 
unit when on order for the Midwest location, the latter 
cornpaq cooperating by releasing its drawings. Most of 
the auxiliary sjstem was assembled from leftovers. from 
secondhand material taken from existing piping in the 
plant wherever it could be spared, and partially fabri- 
cated material for canceled projects. The condensate 
pumps and air-removal equipment were manufactured by 
Allis Chalmers. The job is an example of tailoring the 
feed-heating cycle to fit available equipment. Tile engi- 
neers did this satisfactorily and. with the aid of the 
W.P.B., obtained and installed all necessary equipment 
for initial operation with tlie turbine. 

SECURITY 

In addition to the major problem of meeting increased 
load demands in the face of shortage in new facilities 
there were a numbel of other problems created by war 
conditions. A few of these deserve brief mention. War 
conditions introduced nevi hazards to operation such as 
possible sabotage. barrage balloons breaking loose from 
their moorings and pulling their cables across transmis- 
5ion lines, airplanes out of control contacting transmis- 
sion lines, target-towing cables falling into transmission 
lines, etc. Since electric poiver-supplj is an essential ele- 
ment in war production. the safeguarding of generating 
and transmitting properties of all utilitie- a was a matter 
of concern not only to the utilities themselves but to the 
Army, Navy, law enforcement agencies, and regulatory 
commissions. A high degree of cooperation was main- 
tained wit11 the above agencies. Telephone installations 
and line extensions were made from the company's pri- 
vate communication system to Arm!, Navy and civilian 
defense headquarters. Installations were made for street- 
light blackout controls, and, in addition. the Army has 
been permitted to use company poles and in some cases 
company telephone lines for communication between 
guard posts. Installations were made for bomb splinter 
protection at key stations. Oil level alarms on outdoor 
transformers, fences- etc.. were installed for  sabotage 
protection. The cornpaq hired, trained, and installed 
armed guards at major stations on the systern to augment 
the military guard. The utility repair corps was organ- 
ized and equipped with gas mafaks, steel helmets. decon- 
tamination units; and pumps. Some 363 automobiles and 
trucks were equipped with approved blackout lights for 
this service. Men were trained in bomb reconnaissance 
and decontamination of war gases and were in a position 
to handle this type of emergency work. In 1944 the 
Southern California Edison Company received the Na- 
tional Security Award for the maintenance of a superior 
btandard of protection and security. 

In concluding this brief outline of war problems of 
electric utility engineers, not the spectacular job of de- 
\eloping radar, rockets, etc., but still a big job that had 
to be done. the author quotes from an address by J. A. 
Krug to T.V.A. distributors at  Chattanooga, Tennessee. 
on February 16. 1933: "The power men-public and 
private, in this area and throughout the countrj -.should 
he proud of the job that has been done in providing 
power supplj. P m e r  has never been "too little, or too 
late.' There is today no shortage of power. This is in 
sharp contrast to the situation as to many other vital 
necessities. I do not know of a single instance in which 
the operation of a plant has been delayed b j  lack of 
electric power supply. . . . I repeat, the power men of the 
countr) can be proud of the job that they are doing." 

MARCH 1945 Page 13 


