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Mr. F hilip Spornis Pr esident~°f the~merican Gas an@ Electric Company 
and its subsidiaries. He is a scientist, engineer, and administrator, who 
has devoted his enti~e life to the advancement<of the electric power indus- 

"oneerin work in this field. He is responsible for 
try, and is noted, for pl . g ....... ~i, in Branch power Station 

• • and o era$lon ol ~n~ ~,, . 
the deslgn; constructl?n, -~ ..... e 2 aO0 oounds per s~uare inch, .the _ 
which operates a~ a Dol±er pr es~u~= ~ ,~ . . . . .  
hi~hest pressure regularly used in an operatzng statlon in the United ~a~es 
He-had many responsibilities in developing the techniques of operating all 
~the power systems of the eastern Unite8 States as one unit during %qorld War 
II. This vast network was governed by the Philo station of the OhioPower 
Company, which was designed and constructed under Mr. Sporn's-direction. 
He is the moving spirit in development of the ',heat pump," whichmay co~- 
pletely revolutionize all present concepts of residence and commercial 
heating. He has been the directing ~head of the brilliant experiments now 
being conducted in the art of electric transmission. He has written many 
papers for technical and scientific societies and has received many citations - 
for his contributions to the industry. Most of his professional life has 
been spent with the American Gas and Electric Company and its subsidiaries, 
where he has risen from an engineer through all grades to his P resent posi- 

tion of President. 
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ELECTRIC p , . 
O~R. IN ~NDUSTRIAL MOBILIZATION . . 

4May1951 

MR. ~rAREN: Gentlemen: Today we have the last in our series of 
lectures on the power industry. These lectures have been dispersed 
throughout the year. It is hopedthat all of you are now power conscious. 

We have told you the general plan of organization of the industry. 
In another lecture we told you how mores of society based on customs 
predating history have taken the power industry in hand and bent it to 
the will of the Nation. From this platform you have heard discussed 
the nature and amount of physical structure involved in the industry. 
On another occasion, you heard discnssed the all-important question of 
sources of money to finance the huge expenditures •this industry requires; 
the revenues it obtains from its customers, and the revenues it contributes ~ 
to the various government entities that administer its service areas. 

Today we wsnt to tie all of these factors into one unit; what is the 
contribution this industry can make to our armed strength? 

We felt that a member of the industry should prepare and deliver 
this final package. But who, and where, is the man fitted to undertake 
the task? ~at oualificat~ons must he have? 

First of all, he must have the skill and integrity to command the 
respect of the industry. Second, he must know well the fundamental sciences 
on which the industry is built and, as an engineer, be capable of judging 
their application. Next, he must be an able administrator, held'in affec 
tienate respect by his subordinates and h~ 
from least, his counsel whe~ mo ..... i is colleagues. And last. h,~ ~ 

~. ~:u~ oe sagacious. 

Our speaker of today meets all these criteria. He holds so many titles 
and fills so many Jobs as a busy citizen of the Nation that their recount- ment would be superfluous. 

He has given generously to the Industrial College as s seminarist, in 
the matter of office interviews, and as a lecturer. I deem it a great honor 
to welcome to the platform again Mr. Philip Sporn. 

~{r. Sporn. 

MR. SPORN: I want to thank Mr. Swaren for his very kind and gracious introduction. Gentlemen and ladies: 
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The importance of Electric Power in industrial ~obilization . 

The i~iportance of electric power in the industrial mobilization of a 
country as highly industrialized as the United States has been fully 
recognized by almost everY student of the country's economy. It was 
definitely recognized by the Armed Forces of the United States following 
the experience of World War I. One has but to examine the tabulation 
and curve, table 1 (page 18) and figure 1 (page 19) respectively, to see 
the close and intimate tie and relationship between the Nat i°nls industrial 
activity, as reflected in gross national product, and its electric energy 
output--a relationshio so close that with some minor fitting one curve 

can almost be substituted for the other. 

And that is what one would expect. In a modern industrial society 
electric energy enters into every step in any representative industrial 
process, starting almost with the construction of the most preliminary 
of the final facilities needed for production and ending up with the 
operation of these facilities at some control center. Thus, whether the 
operation is one using almost negligible ouantities of electric power, 
such as is the case with the production of wearing apparel, or whether 
it is one that uses very heavy cuantities of electric energy such as 
are involved in the reduction of aluminum or magnesium, this single factor 
is common to almost all industrial operations; they cannot be carried out 
at all without some definite amount of electric energy, small in many cases, 

but cuite large in others. 

yet it is surprising how much misunderstanding exists as to the true 
economic role of electric oower in most industrial ooerations. If you will 
examine table 2 (oage 20) showing for 19~7 an analysis of energy utilized, 
cost of electric energv, and percentage of cost of the energy to the total 
value of products shiooed for 20 different major industry groups, you will 
see the startling situation that on the average electric energy represents 
less than eight-tenths of 1 percent of the value of products shipped, and 
that only in a single case out of 20--stone, clay, and glass products-- 

e as high as 2 percent. These figures do not apply to 
is the percentag ...... ~1~in~ electric energy as a major element 
certain specla± lnous%rles u ~  ~ • ticularly not valid for electroche.mical and 
• roductlon; they are par ,~ .... ~nct" of co per, z~nc, and 
~ P- ~-~-~cal ~rccesses suc~ ~ ~ ..... ion ~ P nd 
electromeLa~x~s~ r al~in~a, the production Of alkalis and chlorine, electric steel a 
ferroalloys. Here, as will be seen from table 3 (page 21), electric energy 
enters into value of products to as high a percentage as slightly over 

of fact, although the exact figures for al~minum 
12 percent. As a matter they probably aporoach a value of close to 16.5 
alone are not available, 

oercent. 
Yet no greater mistake could be made than to fail to properly appraise 

the effect of electric power on the productivity of a country. The high 
productivity of the United States, that is the high outp ut per unit of 
population, is due to a number of causes, and among the most important 



# 

arethe two followlng: 
to every worker engaged plant that is available 

...... ~J ~..~ equally important and 
large amount of electric powerthat is avaiiable for operating %he indms- 
trial plant; or, to put it otherwise, that is at the beck and call of 
every worker engaged in operating theindustrial plant. If you will 
examine table 4 (page 22), showing the energy production per capita per 
year for most of the principal countries of the world, you will findthat 
this last figure, with some modification, can almost be taken as a direct 
index of industrial productivity. Thus, the pitiable figure of kilowatt- 
hours per capita per 7ear for Pakistan, China, and India ire not sur- 
prising when one considers the low state of their industrial development. 
The converse of that is equally true and even more important. In order 
to maintain productivity it is ~ssential that the energy (and that of 
c°urse'means the machinery utilizing this energy) be made available to 
the industrial system. 

Electric power • then, when one is engaged in mobilizing the industrial 
resources of the United States, is highly important, but it is necessary 
to recognize that its critical importance comes in when it is deficient 
or totally unavailable. That, incidentally, has a most significant bearing 
on the importance and weight given, or which should be given, to the assur- 
anceof the continuity and the full availability of its supPly, because 
electric power is so critically important and ~ecause it represents so small 
a percentage of total value of product, it is possible, with relatively 
small, if not almost negligible, diversion of material and limited national 
manpower, to assure its continuity and full availability. Only thus can 
one be certain that the whole program of mobilization will be carried along 
to completion according to plan and with the utmost dispatch, and at almost 
any level of volume that the other resources of the country outside of 
power--that comes down basically to material and labor--can make possible. 
In short, while electric power can be critically controlling by absence 
or even deficiency, it need not be if there is a proper and understanding 
evaluation of its role in industrial mobilization. 

Electric Power in Special War I~:dustries 

In recent years there have developed many special war industries in 
which power plays an even more significant role than it does even in such ,~ 
items as reduction of aluminum or magnesium, or in electric steel. This 
is the case with such operations as the diffusion separation plants at 
Oak Ridge, and those in process of construction at Paducah, and in other 
nuclear processes in a less-advanced stage of technical developmeatwhich 
are now also under construction, and in such important activities as the 
research work carried out in some of the more modern and more advanced wind 
tunnel laboratories. These last two operations, however, except for the 
fac t that power plays a very vital part in their functioning, have otherwisw, 
even from the power angle, nothing else in common; the former operation, as 
a general rule, requires rigorously continuous and uninterruptible power, 
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. wind tunnel operation, can oDerate not only in off- 
U ~  ° ' " ' whereas the latterf a ~ critically affected by an lnterruptlon.%n supplY, 

Deak oeriocs, DUL ~ n .q ~.~. ~ no~er over some rela%ively ~un5 
or even by the complete unaval±aol±±oJ .... --- 

interval. 

Means of Serving 

The source of power used by American industrYsystems ofiSthe°red°minantlyPublic utilities.the 

0ublic power systems, that is, the su~oly 23) showing the change in 
This is brought out sharoly by table 5 (page 
pattern of supply of the industrial requirements of electric energy in 
the United States over the three-decade period 1920-1950. striking in 

this connection are these facts: 

Not only has the oercentage of electric energy consumption of American 
industry furnished by the public utilities increased from 52 percent to 77 
percent, while that generated by industrial plants has declined from 48 
percent to 23 percent, but this took place in the face of an increase in 
annual use by industry in the three-decade period from 36 billion kw.-hrs. 
in 1920 to 252 billion kw.-hrs, in 1950. Thus, while the total kw.-hrs. 
furnished by industry itself increased from l? billion to 59 billion, an 
increase of some 240 percent, the amount furnished by the utilities increased 
from slightly under 19 billion to 193 billion, an increase of over 900 per- 
cent. It is ouite apparent from this tabulation also that this trend is 
moving heavily in the direction of the further increase of the percentage 
supplied by the utilities. Thus the problem of supply of energy to industry 
becomes a Pr oblem of maintaining the capability of the electric utility 
systems to supply the exoanding industrial requirements and this will become 

more and more fully valid as time goes on. 

Mobilization gf power Resources 

To carry out effective industrial mobilization it is obvious, there- 
fore, that mobilization of the power resources of the country's electric 
utilities must be carried out at the same time. Looking at the power 
question from a mobilization standpoint, what is the status of power re- 
sources of the United States at the present t~ne? Fortunately, there is very 
excellent information available to answer this question. For this purpose 
we have compiled a series of interesting tables that deserve critical study 

and analysis. 

The first of these, table 6 (page 2&), shows the installed generating 
capacity for the 16 years 1935-1950, both on the systems of the public 
utilities and in other installations. Noteworthy is the fact that the 
increase in capacity in the decade 19&O-1950 on the systems of the public 

r 28, million kw., an increase of over 71 percent, and in 
utilitie s was ove ~ ..... ~ -~-~+s the increase was almost 3 million 
other sources, mostly inGusLrla~ ~ ,. . • 
kw', an increase of over 26 percent~.eT~Sc~ ~ ~s~l~l~i~i~c~a~r~n or 
total energy generation in that dec a 
an increase of over 115 percent. That is cuite an increase in the energy 

resources of the country. 
A 



Table 7 ) considers, ~-aO~ ,pa, ge~5 the~ utilit~ iportion of the total power 
s~pply and shows the maximum annuai peak demand met 

by the public utility 
systems andthe energy thus generated. Note here that the increase in 
demand on the public utility supply system in the s~me decade interval 
was over 33.3million kw. or an increase of 108 percent. Energy-wise the 
increase was even greater, being over 187 billion kw.-hrs or an increase 
of 132 percent. 

Table 8 (page 26) is, I believe, particularly important and signifi- 
cant. This shows the maximum a ual peak demand and the installed ca 
on the oublic utility systems o~the country for the period 19 pacity 
it, 39-1950. In" 

I have taken the difference between the installed capacity and the non- 
coincident oeak loads and I have termed it the indicated reserve; this 
is shown both in absolute values and as a percentage of the annual peak 
load. Note here that in 1939, the year when ~he defense program of World 
War II began in earnest, the indicated reserve on the public supply systems 
of the country was over lO million kw. or 35 percent of the noncoincident 
peak. As the defense program gathered momentum and, later, as our indas- 
trial potential began to assert itself in the final year of the war, the 
power demand--in 194~ forexample--climbed to a figure of approximately 
40.7 million kw. This was an increase of more than &l.5 percent over 1939; 
at the same time the reserVe dropped to 21 percent. This brings out force- 
fully a number of fundamental points in connection with the mobilization 
of industrial resources: how the increased electric peak demand connected 
with mobilization is met initially; how it is met subsequently; and how 
one can, and should, take advantage of this in properly planningelectric 
power facilities as part of an industrial mobilization program. 

The Fundp~ental Basis for Servin~ial Mobilization 
~oads--~ F--un-ction of ~serv~s- 

There is a very interestin~ parallel in this connection that can be 
drawn from an analysis of how increased peak demand on a system of power 
supply is met from instant to instant in the operation of the power system. 
Starting with the assumption of a system operating in complete balance, 
at exactly proper frequency, so that no generating source is being called 
upon to increase or decrease generation in order to either accelerate or 
decelerate the entire power system because frequency is either too low 
or too high, we have a condition wherein the amount of power generated 
is exactly equalto the amount of power consumed. This perfection of 
balance is fundamental to an electric power supply system; there is 
possibility of generating slightly in advance of or slightly behind no 

the demand. How then is the increased power generation taken care ofwhen 
a new load is thrown on the system--when it is done, for example, by an 
electronic switch in a matter of possibly microseconds? As a general . 

rule such increased demand is always met but, since the additional power 
is not bein~ generated when the switch is thrown, where does the power 
come from tO supplF the increased demand after the switch is closed? The 
answer is, of course, that it comes from the system inertia--the "~2 or 
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flywheel effect of the entire system operating in ~ synchronism. Initially, 
enough power is supplied through this loss of system flywheel effect to 
takecare of the entire increased load. In the meanwhile, as soon as system 

he overnors on all the crime movers of the system begin to 
speed drops, t g . . . .  ~e~endin~ on whether they are water or 
function, and more wa~er or s~eam--u ~ 
steam turbines--is admitted to the turbines operating on the system to not 
only supply the new load but to make up for the system's loss of speed and 
tobring back system speed to normal. This may involve several overswings 
in both directions. But essentially it is the system flywheel effect that 
acts as the instantaneous reserve in system generation; it is the flywheel 
effect which makes possible the immediate and instantaneous first response 
of a power supply system to additional load thrown on the system. 

The reserve capacity has somewhat the same function in initially 
meeting demands of new loads--particularl~ demands coming 8n at a faster 
rate than new capacity can at first be built. Reserve is provided in the 
first place to take care of emergency or abnormal conditions brought about 
b~ failure of plant or equipment. In addition, under normal conditions 
there is a small fraction of the reserve margin that has been allocated 
to expected load growth ~which must be met faster than new capacity can be 

when confronted with a major program of industrial mobili- 
built. However, 
zation, %he amount of new industrial load which may have to be supplied 
faster than new capacity can be built will be appreciably larger. The 
function of the reserve is still to pick up that additional load as fast 
as it comes on, even at the expense of normal reserves, and for the system 
to continue on a diminished reserve basis until reserve~ can be brought back 
to the safe minimum under mobilization conditions. This latter minimum may 
very well be appreciably lower than would be considered wise under peacetime 
conditions; the reserves normal to peacetime conditions would presumably not 
be re-established until the end of the mobilization period, or until a 

peacetime condition was reached. 

With these observations in mind it may be profitable to take another 
look at table 8. It will be noticed that not only did the power systems 
of the country function in harmony with this prinCiple durin~ the emergency 
period 1939-19&5, but they continued to function closely in accordance with 
the same princiole over the next five years. Thus the drop in reserves to 
ll.8 percent in 19~6 was brought about primarily by the wholly unforeseen 
and unexpected snaoback of electric demand following VJ.day; this in turn 
was followed by the postwar boom of 19~7 and 19&8 and by an increase in 
rate of growth of electric demand wholly unexpected and unpredicted by all 
students of the country's economy in 19&5 and early 19&6 when the cower 
generation program for the two years 19~7-19&8 was originally set up by 
the War Production Board agencies. Hence, though loads were met in these 
2 years, margins of reserve dropped to values of 5.6 and 5.2 percent--far 

he reserves were brought back--mostly by cost VJ-day 
too lo~. By 19A9 ~ ~ ~,~ f ll.7 oercent; this ~as scheduled to rise " 
fanned capaclty--~u ~ ~ 7  o ..... ~A ~+ ~.1~ h ve done so na~ ~oe 

~o a value above 15 percent In ±~pu, ~ .......... a program 
country not been compelled to initiate the second mobilization 
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within a decade,: Butnote ~how~:,~:in~ dropping.to a/value of 6,8 percent in • 
1950, res~rves played:their proper function hereonceagain. 

It may be instructive to examine the load and capacity Situation of 
the United States as it appeared as of approximately the first of April 
and oarticularly in the light of the discussion of the function of re- 
serves just developed. TaBle 9 shows the generating capacity scheduled 
for completion on the public utility supply systems, both public and 
private, for the years 1951-195i. As to the first %wo years of this 
period, the capacity scheduled to be installed can without question no 
longer be increased. There is a oossibility that at least sane small 
amount of additional steam 'capaci{y can be scheduled for 1953: and as for 
195& the relatively small amount of stem~ cap~city scheduled so far, is 
°bvi°usly only a small oercentage-of what will ultimate 
if the mobilization e*~i-~ --~ ~ . . . . .  ly be committed for - ~ 

• ~u~ uun~inues Lo aeveloo. But disregarding 195&, 
the interesting fact is that for the Years-195i-195 a t 
25.9 million kw. of new C ..... ~_ ~_ ~ ...... 3 otal of some over 

=pmuxu~ ~s scneGulea Lo De installed, reoresenting 
roughly &O percent of the total~noncoincident peak demand experienced by 
the utility systems in 1950. 

The situation that these capacity additions will create as regards 
reserves is shown very well in table I0 (page 28 ). Thus it now aopears 
that on the basis of the first-of-April fi~rures a total reserve margin of 
about 5.7 million d~w. above noncoincident Peak demand will be available by 
theend of 1951; this will increase to approximatel 1 
195&. Percenta~ewise t~ ........ • • ~ Y 3.7 million kw. by 
-ercent o ~ ~: , , ~ ~=~rve margo.ns are estimated at 8'3 and 15.,7 
w z oeaK ~e,nand for 1951 and 195~, respectively. Under adverse 
hydro conditions these figures would be Slightly lower, but not enough to 
substantially change the picture. Thus, here once more the reserve, which 
in playing its functional rolewent down to 6.8 percent in 1950, will be 
brought back to close to 16 percent by 1953. This is a level abovewhich it 
unauestionably should not be projected in times of high industrial activity. 

An important element in the effective ability of power supply systems: 
to meet the mobilization demand of a highly industrialized economy is the 
improvement in load factor that can be expected and that must be encouraged 
during times of mobilization. That this not only is possible, but can 
effectively be brought about, is demonstrated clearly in table ii (page 29). 
Here are shown, for the period 1939 to 1950, the increases over the preceding 
year for the public supply systems in oeak demands, ener~z generation, and 
in the annual load factor on the increased demand and onthe system demand 
as a whole. The most interesting figures here are those in the last two 
columns. It will be observed that the load factor onthe increased demand 
which was 47 percent in 1939 went up to 216 percent by 194A, this in turn 
being reflected i~ the system load factor increase from 50.8 percent to 
6A.2 percent, an increase of 13.4 points or over 26 oercent 

• Since as a general rule industrial production will be in proportion to energy used 
rather than peak demand established, it is significant that so much greater 
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energy production can be obtained from a power system under full 
mobilization conditions than what one would expect merely from a straight 
projection of capacity available if utilized at the.lower load factors 

prevailing just before mobilization commences. 

Effect of I n t ~  ems on Power Availa~ 

It must be apparent that in discussing power supply fromTa national 
standpoint, and in developing ideas and figures on reserves on a national 
Basis, there is a possibility of both fallacy and error due to the fact 
that the power facilities of the country are not all part of a single 

daa~n~ ~ ~ ~r~ga~S System. That is, they are not all lntegratedd~ i e 
is ossio±e, tnerelore, un it single system. It _ P ..... ~ ~ have an actual capac Y 

over-all reserve of lu percent, ~aj, ~o o~ ..... , to 
deficiency at one point and a reserve considerably greater than 10 percent 
at another point--and, of course, the deficiency point is not helped by 
the more than adequate reserve available at the other point. This cannot 
happen within the confines of an integrated system. It may be worth while, 
therefore, to comment on the integrated system. This unfortunately, is 
not the place, nor is the time available for a well rounded discussion of 
the integrated power system, interesting as that might be. I would, how- 
ever, like to make an observation on one aspect of integration: Not only 
can theintegrated system, properly designed and operated, supply a given 
area or a given amount of power with a minimum call upon Timlted resources 
in materials and manpower, but it has the great advantage that within the 
integrated area a substantial portion of the total system power supply 
resources can be mobilized at and made available to any point on the system. 

Thua, the development of new operations or processes at any point 
in an area, calling for even major euantities of power on relatively 
short notice, is materially facilitated on the integrated system because 
the power can be brought into such a point more ouicklythanwould other- 
wise be possible. Not only is this of vital importance from the stand- 
point of time, but the fact that it can be brought in most economically 
is of equal importance since, during times of emergency, materials and 

manpower are invariably also critical. 

Illustrative of this point, I would like to call attention to the 
map~ figure 2 (page 30), showing the main transmission system lines of the 
American Gas and ~lectric Company System. That system, serving an area 
of some 90,000 souare miles in the seven states of Michigan, Indiana, 
Ohio, WestVirginia, Virginia, Kentucky, and Tennessee, had a one-hour 
maximum demand of 900,000 kw. in 1939. The demand on the systemlast 
year was approximately 2.& million kw. It is, of course, as I am sure all 
of you are aware, located in the very heart of one of the major, if not 
the largest, defense areas of the United States. It aow appears that the 
one-hour peak demand on that system in 195& will be 3.&million kw. The 
major transmission network of the system is at the present time operating 
at 132,000 volts but there is now being developed a new network which will 

b 
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operate at '  315,000volts. Nevertheless, areas of. considerable extent 
are reaohed by voltage no higher than 66,000Dr even in some cases as low 

as33,000volts. A study-,carried out some time ago--of lO0 typical 
communities distributed from one end of the system to the other where 
loads of relatively low level of demandwere then being served indicated 
that no difficulty would be experienced in supplying economically an 
increase in demand of 50,000 kw. to any one of the lO0 points. (These 
points are shown in figure 2.) In a number of these communities increases 
in.demand of that order are now being realized due to the development of new defense loads. 

Assuring Continuity of SupplyUnder Grave Emergency Conditions 

No discussion of the problem of electric power in industrial 
mobilization in the atom bomb age would be complete without at least 
briefly touching upon the basic ouestion of power supply under the threat 
of atomic bombing. I would like to say at the outset that I doubt that 
all thephases or all problems entering into a complete consideration 
of this complex ~uestion have as yet been studied through; we do not, in 
fact, as yet know what all the basic problems are. Nevertheless, a number 
of points seem to be ~uite clear: 

1. It is not possible to prepare comprehensive mobilization 
plans without adeouately answering the question of protection of the 
power supply systems under atomic attack. It needs, therefore, to be 
studied and completely resolved. 

2. In any study of the effects of atomic bombing on a power 
supply system, the first questionto ask is what magnitude of damage can 
be expected to a power plant or a substation serving or supplying an 
area, and what will be the effect both on eoui~nent and personnel. Here 
the two factors which need to be considered are the blast effect and the 
heat effect. The damage resulting from blast will presumably depend on 
the nearness of the bomb explosion to the facilities being considered. 
The heat, while very intense, is of very short duration and there is no 
stored effect. There has been some opinion expressed that a wall would 
keep the heat from penetrating inside a building. On the other hand, if 
the blast breaks windows or caves fn walls, is it 
that the heat would follow no~ plausible to assume 

through and cause additional damage? For 
example, would the heat be sufficient to char or melt the relatively 

small amount o5 insulation on control wires, or to burn or otherwise materially 
damage the much thicker insulation on generatorwindings? It is conceivable 
that the maximum damage Would be only in control and that a turbogenerator 
place.W°uld not be damaged at all unless a major collaose of the building took 

3. The cuestion of the extent of the area of bombing to be 
assumed is very important in any reasonable study of the problem. It is 
clear, for example, that it would be easier to put out of commission a 



large percentage of the generating capacity on a relatively concentrated 
system; with ~all the generating stations located within a limited physical 

eo ra hical a~ea, than to inflict the same damage to a widespread 
or g g 'P - • • k strength the widespread system 

would not only suffer less damage, but would offer greater opportunity of 
system. Under similar condltlons of attac o 

bringing spare parts and materials from the other stations into the 

damaged area. 

&, In all of the above no thought has been given to operating 
personnel. In many cases a substantial oercentage of the operating per- 
sonnel lives within a relatively short d{stance of the power plants. It 
is obvious that such people ~ould be materially affected. On systems 
where this condition prevailed, it might critically affect ability to 

trice. However, if bombing were no% suffered over too extensive 
restore se --and certainly in the 
an area, in the case of less concentrated systems 
case of systems integrating a wide area extending, perhaps, over thousands 
of square miles--it would be reasonable to expect that the damage, includ- 
ing damage to p4rsonnel, would be Confined to one or two plants. Here, 
therefore, the problem of drawing in personnel to a damaged plant from the 

remaining plants would be much simpler. 

5. If the problem is to be tackled rationally, some of these 
questions need to be answered; but once we know or can assume the effects 
of atomic bombing at various distances from ground zero, an intelligent 
discussion of service restoration becomes more simple. However, for any 
system, extent of damage, particularly of turbine room and boiler room 
facilities, is without question one of the critical items or assumptions 
on which additional information needs to be gathered. If damage can be 
assumed to be no heavier than breaking of ~iping connections, cracking 
of turbogenerator shells, or of heat exchanger eauipment, then unquestion- 
ably damage repair--particularly with an adequate, safely stored supply 
of spare parts and repair eQuipment--would be a relatively easy affair 
and could be accomplished, with full service restored, in a very small 
fraction of the time that would be involved if major structures were either 
crippled or twisted or otherwise structurally affected to the point where 
reoair is substantially impossible except by a complete replacement. 

6. From all of this rather incomplete examination of the 
question it would appear that extensive and substantial interconnections 
would play a very important part in assuring that power is available or 
would be made available to important industrial areas that suffer atomic 
bombing damage. Thus, a preliminary study made of the American Gas and 
Electric Company System indicates that by blocking load, close to one 
million kw. of capacity could be brought in through interconnections to 
make up the loss or almost complete destruction of the two largest plants 
on the system. I want you to imagine a block at New York City--how much 
industry would be taken care of by a million kw.; or, conversely, the 

effect if it were not available. 
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7. The suggestion has been made :that oortable power plants 
might be:an'answer to the question of restoration of service or assurance 
of service in case of atomic bombing. The portable power plant, however, 
demands so much in the way of resources from an already extended national 
economy to supply a kw. of capacity that it is highly questionable whether, 
except in times of great depression, any diversion of critical materials, 
facilities, or 9~anpower could be justified to the solution of the atomic 
disaster problem through this route. If portable equipment has any justi- 
fication, it would appear to be rather in the field of such equipment as 
transformers or possibly switch gear. A well-thought-out program along 
these lines backed up by a well-stocked supply of emergency materials, 
functioning over a network of adequately interconnected transmission 
facilities, would, it is believed, do more per unit of effort or resources 
to assure continuity of supply or restoration of interrupted supply, than 
anything else that could be done, in times of mobilization such as the 
one we are now going through. ~ere again, fnterconnections between systems 
can be made most effective if the interconnected s~¢stems are completely 
integrated, because it is only on integrated systems that the maximum 
mobilization o£ reserves, or facilities in general, available to a system, 
can be made at any ooint--such as an interconnection point with another system. ~ 

All these points constitute 8n admittedly inadeouate discussion,of 
one of the very important questions in a well-rounded mobilization program. 
Fortunately, a great deal of thought is being given to the question of 
electric power supply at the present time. I am hopeful, therefore, that 
out of it a much clearer, and more satisfactory, answer will be worked out. 

COLONEL VAN WAY: A question came upduring the break about table 2 
in columns 2 and 3. You will notice that there is more purchased than 
generated, it seems rather odd that this should hapoen; so I have asked 
Hr. Soorn to exolain that as the start of the question period. 

MR. SPOP~J: "Generated,, there means g nerate d in captlve plants.,, 
• , " e " • " ° 

THe total sold is given there as 5,811 x iOO kw.-hrs, and the total energy 
used is 140,O00 x 106 k~._hrs. In other words, that ratio of ~3 to 1AO " 
shows the percentage of total energy used and generated by industry itself. 

QU~oTICN: I was wonderin~ what the highest practical limit is on 
high-voltage operation on long[distance lines, associated with that 
question is this: ~,~at progress do youthink will be made in the trans- 
mission of direct current in the next two or three decades? 

~R. SPORIT: About three years ago we initiated a very elaborate high- 
voltage research program on our system that we call the Tidd Extra High- 
Voltage Research Project. In i.t, we tried to work out both the technical 
and the economic problems which had to be solved before .we had an adeouate 
answer to the questions posed by high-voltage transmission. We carried 
out experimental wora up to 500,000 volts. 
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There is no~uestion that we know how to build the equipment that 
will be able to stand up to 500,000 volts. There is no problem of 
finding the conductors or the insulators that will insulate against that 
voltage. The problem, as we finallyshook it down, is primarily a 
cuestion of economics plus one problem which at this time looks quite 
formidable. ~sybe as we go on, it will not be so formidable. That is 
the problem that can be called radio influence, or, in simple language, 
you can call it interference--pr~larily with television. 

That in turn depends upon where we are going to build the line. 
Strangely enough, if your line is going to come in a concentrated center 
of population, the problem is less acute than it is in a relatively 
sparsely settled area, The reason for that is that the level of reception 
you get in a large center of population is much higher, and the amount of 
amplification, which always results in interference, is therefore much 

less than in the sparsely settled areas. 

We used the results of our research as the basis for making a decisibn 
as to what voltage we ought to set up for the new transmission network 
which we thought we had to develop at a much higher voltage than the one 
on which we had been. operating. The original network was started in 1916. 
We reached the conclusion that the new network voltage ought to be 315,000 
volts. We have quite a number of lines designed for 315,O00 volts now 
under actual construction; incidentally, we exoect to have good chances 

of operating these lines at a voltage up to 3~5,000 volts. 

The Swedes are building some lines to operate at 380,000 volts. 
Theyhave some very difficult problems in bringing hydroelectrically 
generated power out of the Arctic, transmitting it such a long distance. 
We are ~atching them very closely. We think they are doing a pretty fair 
job, but we are not duplicating the kind of work they are doing. But they 
have a sound basis for what they are doing. The first of their high- 
voltage lines is not in operation yet, but will be in operation probably 
within the next two years. It will, as I said, carry 380,000 volts. 

You asked me what will be the limits for transmission in the next 
two or three decades? I do not think we will have it up much higher than 
&O0,O00 volts in the next three years. Beyond that I wouldn't attempt 

to say. 

As to direct current transmission, most of the development work on 
it has been discontinued. In the last four or five years we had reached 
the point, both in this country and in Switzerland--where a great deal of 
work had been done on it--where it is quite apparent that, except for one 
or two rather tough technical problems, direct current lines couldbe 

built and probably operated quite successfully. 
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rely one technical~problem • left and it is a most important 
one, ~ to build a direct current circuit breaker~ You~have to 
remember that in an alternating current of 60 cycles, the electriccurrent 
goes through a point of zero voltage 120 times every second. It is at 
that point you can stop the current very easily. In fact, all circuit 
breakers depend upon that principle. If you interpose something in the 
way of continuous flow when the current is at its weakest, yo u can easily 
stop further flow. But direct current has no zero point. Nobody has yet, 
therefore, found a way of interrupting a high-voltage direct current 
successfully except with an awful lot of work. 

The problem of interrupting ahigh-voltage direct current has not 
been solved, but then there has not been any need for solving it~ The 
reason there has not been any need is that when'you work it out, it be, 
comes quite clear that from an economics standpoint, the alternating 
current is much more advantageous. Because of the economic handicapof 
direct current transmission, the developments of long-distance transmission 
that are now being constructed are all being done with alternating current. 
It is a straight problem of economics. 

QUESTION: This question may have a few things wr.ong in it; but, as 
I understand figure l, the purpose of that is to show the parallelism 
between the electric power production and the gross national product. 

MR. SPORN : Yes. 

QUESTION: It shows that there is a very close relationship. But it 
seems to me that part of this power oroduction is also oart of the gross p 
national product. 

MR. SPORN: 

QUESTION: 
postwar period. 

Yes. But it is a very small ~aount. 

I was wondering if it wasn't rather increasing sincethe 

@ 

MR. SPORN: No. When you consider, for example, that in 1950 the 
total electric revenue of the utilities of the United States was around 
5 billion dollars and that of General Motors for last year was over 7 
billion dollars, you can see that the total value of electric service, 
and its contribution to total gross national oroduct, is really very 
~all. It is only because every time you do something that results in 
production of goods in industry, you use electric power that you think 
of it as large, i think most economists recognize that there is not a 
single item of activity that is as good a barometer of the over-all 
indastrialactivity--in the United States, at any rate--as electric oower. 
If You watch the national figures on electric power, you can tell what is 
going on industrially in the country. That is the point of that figure lu ~ 
just to show the very tight relationship between electric power production " 
and gross national product. 
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QUESTION: Table 4 indicates the production of electric energy per 
capita in various countries of the world and shows that China, India, and 
Fa~istan have a very low production. ~at does that mean when you compare 

it with the United States? 

~. SPORN: Please remember that by this table I did not mean to 
draw anything more than general conclusions. The general conclusion that 
I draw is something like this: That there is no question that the state 
of industrial production of electric energy is critically low in China, 
India, and Pakistan and some of the other countries. 

No~, when you compare the United States, for example, with Norway, 
olease remember first the relatively small population of Norway. Then, 
if you consider the number of heavy energy-consuming industries concen- 
trated in Norway and consider the availability of cheap hydroelectric 
power, you can understand why the per capita figure for Norway is so high. 

Then if you examine the economy of other countries, like Pakistan, 
you can see what is wrong there. The trouble is that in those countries 
the source of power is human beings. They are using human beings as 
horsepower, and you know what the average human being can do. If he works 
to the point of exhaustion, if he is at the actual top point, the best he 
can produce in 12 hours is something like one kilowatt-hour. In industry 
that is available for about three mills in some sections of the United 
States. You can see the trouble with those countries by just driving 
along the highways. You will see people operating little treadmills, 
plmlping ~ater. That is all they do. They don't perform very much work. 
In 12 hours they generate about seven-tenths of a kilowatt-hour. 

That is the kind of low productivity that we have to think of in our 
Foint A Program. There are a lot of arguments in favor of Point 4. I am 
sure it is going to do a lot of good. But in trying to implement it, we 
are confronted by the kind of problem that I have just described--bringing 
up the productivity of a country that is now at almost point zero. 

QUESTION: We have beard that the cost of production of thermal power 
has constantly slumped. What is your orognosis for the future? ~hat 
further reduction can we look for, and what are some of the factors? 

~dR. SPORN: That is a very good cuestion. ~en I was studying power 
in the engineering school about 35 years ago, we thought that a thermal 
efficiency of 13 percent--where you got 13 oercent of the energy'out of a 
ooL~nd of coal and converted it into useful energy, was about the top in 
efficient performance. The best i~lustration of a then efficient way of 
getting it was the multiple-exoanslon engine. There were only a very few 
kinds of loads that could operate under that ideal cycle and give you that 

kind of performance. 
4 
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Now, going years, I have examined 
records in the h at show that in 1906 in our 
noncondensing 'boilers we were using iO pounds of anthracite coal a t  
Scranton, Pennsylvania$ to make one kilowatt-hour. The best performance 
that our engineers were able to get then was between lOO,O00 and ~ 120,O00 
BTU's per kilowatt-hour. Now we are getting close to 9,000. 

It is possible to better that somewhat when you go to a mercury- 
water cycle. But our own performance is based on an essentially straight 
steam cycle. With it we are getting a thermal efficiency of about 38 
percent. 

What you asked was what the chances are of improving that efficiency. 
I think they are very good, if you look at the problem in the proper per- 
spective. The chances are that the best place for finding that additional 
thermal efficiency is in the higher temperatures. When you try togo to 
the higher temperatures, you find that right now the limit ismetallurgical. 
We actually, less than a year ago, projected a plant, in fact~ two plants, 
to operate at llOO degrees F. Then we changed the specifications from 
what they were at that time, because we ran into critical conditions on 
columbium, which is one of the very t'ight materlals.' We decided to bamk 
~way, because the amount of columbium we needed for llO0 degrees was about ~i 
twenty times as much as we needed for 1050. For 50 degrees difference we 
needed twenty times as much columbium. So we backed away, not being sure 
that we could Justify the diversion of so much Critical material. 

Now, one of these days, or years, I hope we are going to get out of 
this present condition and that we will be freer again to explore higher 
temperatures. We may make some progress in develooinghigher temperature 
materials which will pemnit us to operate even above 1200 degrees--perhaps 
even at 1300 or 1AO0 degrees. 

QUESTION: I would like to ask a companion question. We have read 
and discussed this question of hydroelectric power. On one sidethere 
are people who say that hydro power is cheap, and on the other side there 
are people who say that, when you consider the construction cost of hydro 
powerin relation to the generated power, it is not cheap. Would you care 
to discuss that briefly? 

MR. SPORN: Hydro power is only cheap if you take into account that 
with some hydro po~er the operating costs are low. I don't know of any 
way in terms of the national economy of making an evaluation of the net 
economic cost except by using the dollar sign as the basis. You have to 
remember that the dollar represents an evaluation of boththe labor and 
material costs. If you put in the proper carrying charges on the capital 
cost, you have a proper evaluation on a day-to-day basis. On that basis 
there is a good deal of hydro that simply will not stand up against steam. 
There is some hydro operating today, built in the past, that is muchmOre 
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economical than the best steam we can build. On the other hand, there 
are somenew hydro olants that would have a tough time competing with 
the kind of fuel-generated power that we had back in 1941. 

In the last war I worked out some projects for the WPB in gas-fired 
plants. At that time we had available gas at 3.5 cents per thousand cubic 
feet. That is equivalent to 3.5 cents per million BTU. If we could use 
that gas today, if it were available--and I don't think it is any longer-- 
or if we could get gas for 6 or 7 cents and use our thermal efficiency of 
around 10,000 BTU's--we are doing very close to 9,000 today in our system-- 
we could produce a kilowatt-hour at six-tenths of a mill for fuel cost. 

That is very cheap power. 

Obviously, a gas-fired plant can be built at a minimum expense for 
construction. You have no coal-handling facilities, no pulverizing 
equipment, no ash r~noval equipment. All that results in a tremendous 

economy over a coal burning plant. 

The problem really comes down to a very complex engineering-economic 
ouestion. It is most difficult to give a general answer to that question. 
There are many places in the United States where there is no ouestion but 
that, if you are interested interms of the national economy--and that is 
particularly true in times of emergency, when the needs of national safety 
demand getting the maximum results from a given amount of effort in 
material andmanpower--steamwill be the better answer. There are other 
places where hydro is better. I am sure that there are still undeveloped 
projects on the Columbia River that are good in an economic sense. 

The reason that hydro power is generally so successful on the Pacific 
Coast is the high cost of fuel out there. Fuel is a tough problem in the 
Northwest. But hydro would certainly not be the answer to the power ques- 
tion i~ Ohio or in the coal fields of West Virginia or of Kentucky. 

QUESTION: Can you say a little something about industrial and resi- 

dential heating? 

};~. SPOP~T: That is popularly known as the heat pump, The heat pump 
is nothing new. It is just a new way of using an old device. That. device 
is the standard cohpressor circuit that you have in your refrigerator. 
It takes heat out of the interfor of the refrigerating chamber and absorbs 
it by the evaporation process of the refrigerant. The evaporated refrige- 
rant is then c~pressed by the c~npressor, thus raising its temoerature. 
It is now condensed into a liquid and in that process gives up its heat 
to the outside air. ;j~at you do there is to take heat at a relatively 
low level from your freezing chamber, maybe at i0 degrees or at some 
temperature of that sort, and by putting the refrigerant under compression 
you raise that heat to 8 level high enough so that yon'can reject it in 
most cases to the atmosphere in the pantry or kitchen or basement or 

wherever it is. 
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Th~ heat pump is exactly the same thing; that is all it is. Its 
heat cycle takes the heat from any source where you have heat--from the 
air, from water, or from the well if you have one--it will take it from 
your drinking water if you so choose. If you have a pond in back of your 
house, you can use the pond as a source of heat. You pick up that heat 
through an evaporator; it can be at a relatively low level, say, at 32 F 
or at lO F. That is quite all right. By compression you raise it high 
enough to bring it toa sensible level. A sensible level of temperature 
for the average house would be something near 80, 90, or lO0 degrees. 
You can even heat water if you raise the temperature higher. 

Obviously, if you have that same eouioment available for heating, you 
can just reverse the cycle and by reversing your evaporator so that it 
becomes the condenser in the circuit, you can use the e~uipment for cooling. 
The heat pump is merely a compressor circuit having a compressor, an evapo- 
rator, a condenser, and a fan, which utilizes t~ese to air-condition your 
home. You can heat or cool it. You can switch from one to the other as 
fast as your control circuit indicates that you ought to do it. 

The basic idea is not new; it was first suggested by Lord Kelvin. 
The details and some of the things we have worked out in the last half- 
dozen years are new, but these were all engineering details. 

Actually, the way to look at this heat pump is that a heat pump is 
a source of fuel. That is, you have an awful lot of fuel just outside this 
building, for example, in the surrounding air. Perhaps, at certain seasons, 
it is at a relatively low temperature, but it is still the ecuivalent of 
millions of tons of coal or oil. By proper utilization of the heat pump, 
that heat can be madeavailable for useful purposes, The heat pump can also 
be used to carry on a cooling process by doing the reverse and rejecting 
the heat. 

You might be interested in this: We have some lO office buildings in 
our system heated and cooled by heat pumps. We also have today about 25 
residences similarly serviced. And we have at this time a half-dozen hot 
water heaters that provide hot water by the heat pump. These utilize 
stray heat in the •kitchen or bathroom, raising the temperature of this 
heat so that we deliver a l&5 F flow of water. The hot water heater cools 
the atmosphere and gives you hot water at the same time. 

COLONEL VANWAY: I think on that encouraging note for the future we 
should close this session. Mr. Sporn, we are truly indebted to you for the 
generous use of your ~ime in coming down here and giving us so many fasci- 
nating facts. We are particularly grateful that you made it so interesting 
and so understandable. Thank you very much. 

(2A July 1951--650)S. 
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GROSS NATIONAL 

TABLE 1 

PRODUCT AND 

UNITED 

1929 - 

ELECTRIc POWER 

STATES 

1950 

PRODUCTION 

+ YEAR 

1 9 2 9  

1930 

1931 

1932 

1933 

193~ 

193,5 

1936 

1937 

+ 1938 

1939 

19u, O 

19~1 

19~2 

19u+3 

19u+~ 

19~5 ., 

19q.6 

19~7 

19~8 

19~9 

1950 

/ 

GROSS NATION.A.L PRODUCT 
(B i l l ions  of Dollars) 

Actual 

103.8 

90.9  

75.9  

58.3  

55,e 
6u,.9 

72 .2  

82.5  

90..2 

8~.7  

91.3  

I01 .~ 

126.~ 

161.6 

19~.3 

213.7  

215.2  

211.1 

233.3 

259. I 

255.6  

279,8*" 

Index 
1929/100 

I 00 .0  

87 .6  

73.1 

56.2  

53 .8  

62.5  

69.6  

79 .5  

86 • 9 

81 .6  

88 .0  

97 .7  

121;8 

155.7 

187.2 

205.9  

2 0 7 . 3  

203.~  

22~.8 

2~9.6  

2u,6.2 

269.6  

ELECTRIC GENERATION, 
PUBLIC U T I L I T I E S  

(Bi l l ions of. KWH) 

Actual 

P r e l i m i n a r y  

92 .2  

91.1 

8 7 . ~  

79.u, 

81 .7  

87.3  

95 .3  

109.3 

! 18 .9  

113.8 

127.6 

I ~ 1 . 8  

16~.8 

186.0 

217.8  

228.2  

222.5  

223.2  

255 .7  

282.7  

291 .0  

329 .0 *  

Index 
1929/100 

I 0 0 . 0  

98 .8  

9~.8  

86.1 

88 .6  

9q..7 

103.~ 

118.5 

129.0 

123. P, 

138. ~ 

! 53 .8  

178.7 

201.7  

236.2 

2~7.5  

2U, l .3 

2~2. i 

277.3  

306.6  

315 .6  

356 .8  
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PROD.UCTION OF 
IN VARIOUS 

TABLE 4 

ELECTRIC ENERGY PER CAPI'TA 
COUNTRIES OF THE WORLD 

19~9 

Country 

A r g e n t i n a  

Betgium 

B r a z i l  

Canada 

Ch i l e  

China 

France 

' Germany.. (B izone)  

Greece 

Is ' rael  

I t a l y  

I n d i a  

Mexico 

Norway 

Pak i s tan  

Spain 

Sweden 

S w i t z e r l a n d  

Turkey 

Un i ted  Kingdom 

Uni ted  S ta tes  

U.S.S.R.  

Yugos lav i a  

Popular ion z 
(o00' s) 

t6,6oo (Est.) 
8,6 l u, 

ut9, 3=tO 

13,51~9 " 

5,709 

u~65,000 ( E s t , )  

Url, 550 

u,7,585 

7 ,856 

I, I00 ( E s t . )  

u,5,996 

3u,6,000 

2~, u,u,8 

3 ,233 

7it, l$00 

28,023 

6,956 

' u,, 6u, o 
i 

19,623 

50,363 

lug9,215 

210,000 ( E s t . )  

16,0~0 

Kwh Produced 
(000,000' s) 

6 

3 ,313 

8, 163 

2 ,710 

50, 6~7 

I , 283 

I , 879 

28, u, ol$ 

35,723 

382 

329 

22,33~ 

it, 922 

u,, 326 

15, 183 

162 

5, 0 ~  

16, IOZt 

7 ,767 

682 

52, 20u, 

3q~, 537 6 

7u~, 000 2 

1,800 5 

Kwh=/Cap ira 

200 

9~8 

55 

"3,738 

225 

68 u, 

751 

u,9 

299 

~85 

177 

~, 696 

2 

180 

2,315 

I , 67~  

35 

I , 037 

2,309 

352 

~OTES.: 

SOURCES: 

1 M i d - y e a r  p o p u l a t i o n .  

2 Based on I nd i ces  ~ f  P r o d u c t i o n  

3 z9~7 

19~8 

19~ 

6 I nc l udes  I n d u s t r i a l  P r o d u c t i o n  

Un i ted  N a t i o n s ,  ~ o n t h l y  S t a t i s t i c a l  B u l l e t l n ;  EEl E s t i m a t e s .  
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TABLE 5 

INDUSTRIAL REQUIREMENTS OF ELECTRIC ENERGY SUPPLIED BY PUBLIC UTILITIES 
IN THE UNITED STATES 

1920- 1950 

Year 

1920 

1925 

1930 

1935 

t9~0 

i 9~5 

1950 

Total Industrial z 
.ConsumptiOn 
(H i l l i on  Kwh) 

• / 

36, 03P, 

53,095 

53,673 

6~,  513 

97,627 

156,259 

252,0013 

' Purchases from Public U t i l i t i es  2 ' 

(Hi I ] i.on~ Kwh) 

. !3,8804 

29,880 ~ 

qO,l~8 

~0,865 

59,557 

107,~90 

193,0653 

d 

~of Consumption 

52 

56 

63 

63 

61 

69 

7 7  

Industr i ,  al G e n e r a t i o n  ' 
(Hi I I ion Kwh) 

17, 15~ 

23,215 
/ 

23,525 

23,6~3 

38,070 

~8,769 

58,9263 

$ of Consumption 

~8 

37 

37 

39 

31 

23 

NOTES:  

SOURCES: 

1. Large L lgh t  and Power Sales ~y U t T I l t | e s  p}us I n d u s t r i a l  Gene ra t i on ,  

2 Large L igh t  and Power; 

P r e l i m i n a r y .  

Es t imated ,  

EEI~ H ; s t o r l c a l  S t a t l s t ] c s  o f  t h e  U n l t e d  S k a t e s .  
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TOTAL 

TABLE 6 

U . S .  ELECTRIC GENERATING 
AND ELECTRIC GENERATION 
(Including Industr ial Generation) 

CAPACITY 

~Yea r 

1935 

1936 

1 9 3 7  

1938 

1939 

19~0 

19~1 

19~2 

19~3 

19 ~u, 

, 19q.5 

19u,6 

19~7 

19u,8 

19u,9 

1950 

Public 
U t i l i t i e s  

3~, ~35,768 

35, 08 I ,  569 

3 5 , 6 2 0 , 0 i l  

37, u,92,095 

! 38 ,862,716 

39,926,881 

It2, It05, u,36 

u,5, 052, 950 

u,7, 950, 767 

~9, 189,072 

50, 110,928 

50,316,621 

52,322,007 

56,559,838 

63, 100, 33~ 

68,500,  8It6 

n s t a l l e d  Capac i 
Other 

7 ,710,000 * 

8 ,500 ,000  

8,750,,000 
I 

9 ,381,000 

I O, 575, ~=t9 

I 1.035, u, 62 

I 1,589,809 

12, 18~.237 

12,588,603 

I 2,876,  66Lt - 

12,756,886 

I 2,693,  5.86 

12,767,759 

13, 05u~, 872 

13, It69, 738 

13,911,972 ** 

t y  
Total 

It2, I u,6,000 

,l$3, 58 I, 569 

Itu,, 370, OII 

=t6, 873, 095 

tt9, u,38, 165 

50,962,  31t3 

53,995,  2u.5 

57,237,  187 

60,539,370 

62,065,736 

62,867,81~ 

63, 0 I0 ,207 

65,089,766 

69,611~, 710 

76,570,072 

82,1~12, 818 *'* 

Total Generation 
(Thousands of kwh) 

118,935,000 

136,006,000 

lUr6, u,76,000 

lU, l , 955 ,000  

161,309,000 

,, 179,937,000 

208,307,000 

233 , 179,000 

267, 51tO, 000 

279,525,000 

2 7 1 , 2 5 5 , 0 0 0  

269,362,000 

307, 3 I0 ,000 

336,808,000 

3U~5, 066, 000 

387, 9211, 000 ** 

qOTES: 

SOURCE: 

E s t i m a t e d  by 

* *  P re l  T m | n a r y .  

EEl 

F e d e r a l  Power CommTssTon. 
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TABLE 7 
GROWTH OF POWER USE IN THE 

1935-1950 

. " : r  ; "  

UNITED STATES ' ~ 1  

Yea r 

1935 

1936 

1937 

1938 

1939 

• 19~0 

19~1. 

19~2 

19.~3 

1 9 ~  

19~5 

.i9~6 

19~7 

19~8 

19~9 

1950 

. . N o n - C o i n c i d e n t  
Peak Loads 

(Thousands of Kw) 

21,ooo 
23 ,900  

-2~ ,700  

25,350 

28,700 

30,800 

3 ~ , 6 5 0  

35 '850 

~0,100 

~0,650 

39,550 

~5,000 

~9,5B0 

53,750 

5 6 , 5 0 0  

6~,125 

Genera t ion  - A11 P lan ts  
C o n t r i b u t i n g  to the Publ i  

Supply 
(ThoUsands o f  Kwh) 

95 ,287,390 

109, 316,033 

118,912,675 

113,812,371 

1 2 7 ,  6 u, I ,  80u ,  

I u, I. 837, 0 I0 

I 6u,, 787,878 

185,979, u,76 

217,758, 83 I 

228, 188, 8q'tt 

222, ~86,283 

223, 177,783 

255,738,981t 

282,698,  2 I 

29 I, 099, 5~3 
X¢ 

328,997,875 

C 

NOTE: * P r e l l m I n a r y .  

SOURCE: EEl 
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ELECTRIC 
AND 

TABLE 8 " 

UTI ,L IT IES w GENERATING CAPACITYp 
INDICATED RESERVES IN THE UNITED 

1 9 3 9 - 1 9 5 0  

~ Year 

1939 

19;0  

19;I 

19;2 

19;3 

19;q. 

19~5 

19~6 

19;7 

19;8 

19~9 

/950 

Non-coinc ident  
Peak Loads • 
(Thousands 

of Kw) 

28,700 

I n s t a l l e d  
Capacity 

Publ ic  
U t i l i t i e s  
(Thousands 

of Kw) 

38,863 

30,800 

3z;, 650 

35,850 

;0 ,  I00 

;0+650 

39,550 

;5,000 

~9,550 

53,750 

56,500 

6;,  125 

39,927 

;2, ~05 

;5,053 

;7,951 

;9,  189 

50,1 I I 

50,317 

52,322 

56,560 

63, I00 

68,501 

Ind icated 
Rese ryes 

(Thousands 
of Kw) 

i 

I0, 163 

9, 127 

7,755 

9,203 

7,851 

8,539 

10,561 

5,317 

2,772 

2,810 

6,600 

; ,  376 

PEAK LOADS 
STATES 

I n d i c a t e d  
Reserves, ~ of 
Non-coinc ident  

Peak Demand 

35 

30 

2 2  

26 J 

20 

21 

27 

11.8 

5.6 

5.2 

11.7 

6 . 8  

S o u r c e :  EE 
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.TOTAL 

TABLE 9 

STEAM AND HYDRO ELECTRIC 

THE UNITED STATE8 1951 

(Un i t s  o f  ~,000 kw and 

6ENERATING 

PUBLIC SUPPLY •SYSTEMS OF 

- 195qz 

l a r g e r )  

Y e a r  

1951 
1952 

1953 

i95~ 

Total  

• E l e c t r i c  U t i l i t i e s  2 ~ 
Tota l  Capaci t~  Steam 

6,570,600 
10,367,100 

8,987,700 

1,781,000 

27,706,q00 

5,288,000 
8,560,000 

8,113,500 

1,208,500 

23"170,000 

Hydro 

1,282,B00 

1,807,100 

87q,200 

572,500 

;,836,;oo 

I Prellminary Data as of Aprll £, £951, from Edison E1ectrlc InStitute 
9th ,Semi-Annual Power SUrvey. 

2 Includes bOth publicly and privately owned u t i l i t i es .  



~ , L  ~t~E TABLE I0 

ESTIHATED PEAK LOADS, CAPABILITIES AND RESERVE HARGINS z 
IN THE UNITED STATES 

1951 - 195 u, 

I Hedian Hydro Cond i t i ons  

Year 

1951 

1952 

1953 

195~ 

Peak Load 
(ooo kw) 

68,66q 

75,278 

81,~73 

86,817 

C a p a b i l i t y  
(000 kw) 

7~,351 

8~,038 

9~,~73 

100,~72 

Reserve Ha 
(000 kw) 

5,687 

8,760 

12,979 

13,655 

rg ins  
(% of Peak) 

8.3 

11.6 

15.9 

15.7 

I I  Adverse Hydro Cond i t i ons  

Year 

1951 

1952 

1953 

195q. 

Peak Load 
(000 kw) 

68,618 

75,232 

8 I , tilt8 

86,771 

Capabi. l i t y  
(0oo kw) 

Reserve Hargins 

72,989 

82,112 

92,~52 

98,~57 

(000 kw) 

u,, 371 

6,880 

I I ,  OOU, 

11,686 

(% of Peak) 

6,q. 

9.1 

13.5 

13.5 

1 PrelTmlnary Data as of AprTI l ,  1951, from EdTson Electrlc Institute 9th SemT-annua! POwer Survey. 
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Year 

1939 

19;0 

19~2 

19q3 

19q~ 

i9q5 

19q6 

19q.7 

19~8 

19q9 

1950 

TABLE 11 

INCREASE IN GENERATION OF PUBLIC SUPPLY SYSTENS 
AND LOAD FACTORS IN THE UNITED STATES 

1939 - 1 9 5 0  

Peak 
Demand 

(Thousands Change 
Of Kwh) 

3,350 

2, I O0 

3,850 

I ,  200 . 

~, 250 

550 

InCrease Over Preceding Year 

Bane ra t  ion 
(Thousands Change 

- of  Kwh) 

+ 13.2 13,829,~33 + 12 ,2  
I 

+ 7.3 1~,195,206 + I1.1 

+ 12.5 22,950,868 + 16.2 

+ 3 . 5  21, 191,598 + 12.9 

+ 11.9 31,779,355 + i 7 . 1  

+ I .~  i0,  ~30,013 + ~.8 

J 

Annual Load Factors - 

Load Factor on System Load 
Increased Demand Factor 

~7. I 

77.2 

68.1 

201.6 

85.~ 

216.5 

50.8 

52 .6  

5q.3 

59.L~ 

62 .0  

6~ .2  

6q..2 

56.6 

58.9 

60.0 

5 8 . 8  

58.6 : 
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