DOCUMENT RESUME

ED 075 163 : _ SE 012 117

"TITLE : The Economy, Energy, and the Environment. A
Background Study. ' ¥ '

INSTITUTION Joint Economic Commlttee, Washington, D.cC.

PUB LCATE Sep 70

NOTE 139p.

- AVAILABLE FROM  Superintendent of Documents, Government . Prlntlng
Office, Washington, D. C. 20402 ($0 55)

EDRS PRICE MF-$0.65 HC- $6.58 .

DESCRIPTORS *Economics; *Electricity; *Energy; *Environment; )
‘Environmental Influences; Federal Government; Fuels;
Natural Resources; *State of the Art Reviews;
Technology; Utilities

ABSTRACT

This study surveys the existing liteérature related to
various technlcal aspects of electri’c power production, with primery
emphasis on the supply of the various fuels used in.the productlon of
"electr1c1ty and on the environmental consequences of energy '
conversion. It was prepared by the Environmental:-Policy Division,
Legislative Reference Service, Library of Congress at the request of
the CongreSS1ona1 Joint Economic Committee for use as background
- material in the Committee's investigation of thé. economic aspects of
electric power production. A wide range of issues are identified and

. discussed, issues classified as operational, economic, technological,

‘environmental, resource, and.regulatory.. Statistical data and ‘
legislative references frequently supplement the narrative mater1a1
(BL) : el -




U.S. DEPARTMENT OF HEALTH.
EDUCATION & WELFARE
OFFICE,OF EDUCATION

THIS DOCUMENT HAS BEEN REPRO-
91st C . DUCED EXACTLY AS RECEIVED En?gn

N ongress MM § THE PERSON ‘OR ORGANIZATION ORIG-

2d Session } JOINT CO ITTEE PRINT INATING IT. POINTS OF VIEW OR OPIN-
JONS STATED DO NOT NECESSARILY

SNy
VN R mon ORpoLIoY
‘——]
| WY
N
) o | . |
a THE ECONOMY, ENERGY, AND THE
Lot ENVIRONMENT

A BACKGROUND STUDY

PBEPARED FOR THE USE OF THE

JOINT: ECONOMIC COMMITYTEE -
CONGRESS OF THE UNITED STA”’ES

‘BY THE ENVIRONMENTAL POLICY DIVISION -
'LEGISLATIVE REFERENCE SERVICE
' LIBRARY OF CONGRESS

- SEPTEMBER .1, 1970 -

TSRS
YR
s

" Printed for the use of the Joint Economic Committee

BT US GOVERNMENT PRINTING OFFICE ,':‘_- .
© . 46-366 O S WASHINGTON 1970 T

“For sale by the Superintendent of Documents, U S, Government Printing Omce RENS
Wnshington, D.C, 20402 - Price 55 t.em‘,s R

FILMED PROM BEST AVAILABLE COPY




———

' JOINT ECONOMIC COMMITTEE -
[Created pursiant to sec. 5(2) of Public Law 304, 79th Cong.]

: ‘ : WRIGHT PATMAN, Texas, Chairman
. - WILLIAM PROXMIRE, Wisconsin, Vzce Chairman

HOUSE OF REPRESENTATIVES ) SENATE
RICHHARD BOLLING, Missouri - JOHN SPARKMAN, Alabarna “
HALE BOGGS8, Louisiana . A J.W.FULBRIGHT, Arkansas
HENRY 8. REUSS, Wisconsin HERMAN E. TALMADGE, Goorgia
MARTIHA W. GRIFFITHS, Michigan ; STUART SY\HNGTON, Missouri
WILLIAM 8. MOORHEAD, Pennsylvania AB RAHAM RIBICOFF Connecticut
WILLIAM B. WIDNALL, New Jersey JACOB K. JAVITS, New York
W. E. BROCK 3p, Tennesseo . JACK MILLER, Iowa
BARBER B. CONABLE, IR, New York LEN bi:

CLAWENCE I, BROWN, Okitge cmmﬂﬁ:}hx&n Y
FWINIR, Sromm Ezeetesive Divectnr
ises FEKNOWI sy, Diregthor of fesesmnch .

EcoNoMISTS:
¢ LsoweanN F. McHucn <JoRN R. KARLIK RICHARD ¥ BAUFMAN
5 s COURTENAY M. SLATER :
Minority: DOUGLAS C. FRECHTLING GEORGE D. KRUMBHAAR
) (11). i
‘e» i '
i 3
i v .

P4 g S mcsirrns

A e e [




O

: EMC |

B A .1 7o provided by ERIC

LETTERS OF TRAKSMITTAL

' SePTEMBER 1, 1970.
To the members of the Joint Economic Committee: ,

Transmitted herewith for your use is a background study prepared
at the committee’s request by the Legislative Reference Service of
the Library of Congress, entitled “The Economy, Energy, and the
Environment.” This study surveys the existing literature relating to
various technical aspects of eclectric power production, with primary
emphasis on the supply of the various fuels used in the production of
electricity and on the environimental consequences of cnergy
conversion. :

The coromittee requested this study in order that the members might
have needed background material conveniently-availuble as:we under-
take our investigation of the ecomomic aspects-of electrical powier pro-
duction. As we proceed in our study;I anticipate that, with theassist-
anco of the committec staff and: off such experts as we may call to
testify, we will: be examining suehaspects: of .enermy production as
pricing and advertising policies, negulatimey poliey, credit requirements,
research needs, and means of :acBiewinpadeguate -eloctrical-smpplics

-in a manner consistenirwith presexsutiorn-of ournatural envirmement.

The study transmittted herewitii-was:not designed to - comer:aail of
these economic questions in depth;butitosprovide the backerpmmd: in-
formation on which to build our further study::On behalf of*the com-

mittee, I express sur appreciation for the fine service rendered by the -
Environmeatal Policy Division of the Legislative Reference Service -

in preparing this study. ,
Opinions or conclusions expressed in this study should not be taken
necessarily to represent the views of members of the Joint Economic
Committee or of the committee staff. -
Sincerely, . - ‘ A
‘ \ s, : WrigHT PaTmaN,
Chairman, Jointé Economic Committee.

Tae Liorary or CoNGRESS, .
LeaisLaTivE REFERENCE SERVICE, -
RN - - Washington, D.C., August 31,.1970.
Hon. WrigHT PArman, oL ' o
Charrman, Joint Economic Committee; =~~~ '
U.S. House of Representatives, Washington, D.C.: . ,
Dzar Mr. CHalRMAN: I am pleased to transmit herewith a report

“The Economy,: Energy, and :the Environment’. prepared ‘at: your’
Y gy, all prep y

request-in our Environmental Policy Division under the direction of

“Mr. Richard A. Carpenter, Chief. As you suggested, we have surveyed
+ the major recent literature ‘concerning the growth and composition
© of energy conversion and its environmental impact, with: primary
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emphasis on eleciricity generation and the fuels for this industry.
The sections on electricity were written by Dr. Warren H. Donnelly,
specialist in the Science Policy Research Division. The review of
fuels availability was prepared by Dr. John K. Rose, senior specialist
in natural resources and conservation. : '
Sincerely, '
LesteEr S. Javson,
Director, Legislative Reference Service.
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THE ECONOMY, ENERGY, AND THE ENVIRONMENT

~ Ax OVERVIEW
ENERGY

Our civilization and economy differ from those of carly times in
one vital characteristic, which 1s the enormous use of energy by our
- people throughout their lives. '

Energy is the ability to do work. Power is the rate of doing work.
For centuries the only sources of energy were the muscles of man
and beast, supplemented slightly by energy. that could be tapped
from moving winds and waters. With the invention of the steam
engine and the coming of the industrial revolution, modern man began

to use large amounts of energy derived from burning fuels, and the .

power output. of his machines increased.’ ‘ ——
A full-grown man is capable of an average power output of about
4oth of a hersepower during an 8-hour working day, equivalent to an

output of about 37 watts of electrical energy. Thus, when a child

turns -on a 150-watt television receiver, he commands electrical -

energy equivalent to the energy output of feur grown men. As long
as human progress depended mostly on the energy of human muscles,
there could not be much physical change in the conditions of primitive
life. ‘ : '

Today human labor provides energy for far less than 1 percent of

the work performed in Tactories, refineries, and mills in the production

of their products. Literally, our economy and our way of life could

not continue without use of vast amounts of energy. o
One measure of this situation is the increase in the total power for

“all engines, turbines, and work animals over the past 3 decades.

Table 1 shows' the increase from 2.7 billion horsepower available in
she United States in 1940 to 17.9 billion for 1968. Of this, engines
in trucks, buses, and automobiles accounted for by far the largest
part, increasing from 2.5.billion horsepower in 1940 to 16.9 billion

_ horsepower “in' 1968. Over -the same period, the power of electric.

_gencrating stations increased from 53 -millisri horsepower to 371
million. horsepower. o T o R R A
Lo (1)

Lyphod tat
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TABLE 1,~TOTAL HORSEPOWER OF ALL PRIME MOVERS: 1940-63

(In thousands. As of January, except as noted. Prior to 1960, excludes Alaska and Hawaii, except as noted. Prime movers
are mechanical engines and turbines, and work animals, which originally convert fuels or force (as wind or fallingwater)
into work and power. Electric motars, which obtain their power from prime movers, are excluded to avoid d tion.
See also Historical Statistics Colonial Times to 1957, series S 1-14)

i 1968 (pre-
Item 1940 1950 1955 1960 1965 liminary)
Total horsepower. .. ...._.... 2,773,316 4,867,538 7,158,229 11,007,889 15,006,332 17,912,944

Work animals 10 7,040 4,141 - 2,790 2,000 1,460
Imanimate.. 2,760,806 4,860,498 7,154,088 ‘11,005,099 15,094,332 17,910,684
2,511,312 * 4,403,617 6,632,121 10,366,800 14,306,300 16,937,725

249, 494 456, 881 521,967 - - 638,21% 788,032 972,959

Factories_..... 21,768 32,921 35,579 42,000 48, 400 52,000
Mines. . __.... 7,332 . 22,000 30.768 34,700 40, 300 43,400
Railroads3__ __........_ 92,361 110,969 60, 304 46, 856 43,838 - 57,607
Merchant ships, powered . 49,408 123,423 124,155, 23,890 24,015 20,413
Sailing vessels ’ 42 111 15 2 2 . 1
Farms__...._. - 57,472 157,533 207,742 237,020 269, 822 290,600
Windmills eue e 30 59 59 - 44 30 . 24
Electrical central stations2_._ 53,542 87,965 137,576 217,173 . 307,025 371,756
Alrcraftas, ... ... 47,455 422,000 €25,779 35,534 54, 600 137,158

! Includes passenger cars, trucks, buses, and motoreycles.
2As of July 1. ) Do

2 Beginning 1965, not strictly comparable with earlier years,
4 Includes Alaska and Hawaii. .. .

$ fncludes private planes and commerical airliners.

swrc‘e:‘Statistical Abstract of the United States, 19€9, p. 508.

Another way of looking at use of energy is to ask who is using it.
Table 2 and figure 1 show the consumption of -energy resources by
major consumer for the years 1963, 1965, and 1967. The use of energy
is rather cvenly divided between household and commercial “use,
industrial use, transportation, and generation of electricity. Industrial
use accounts for almost one-third of the total. The British thermal
unit is the standard unit for measuring heat energy and represents
the amount of heat that will increase the temperature of 1 pound of
water by 1° degree Farenheit: - . ‘ S

TABLE 2..—CONSUMPT|0N‘ OF ENERGY .RESOURCES. BY MAJOR CONSUMER GROUP: 1963, 1965, AND 1967

{In trillions of British thermal units, except percent] - -

: ‘Enérgyinputs . - Percent distribution

Consumer group o Co 1863 . 1965 © 1967 71963 T 1965 - 1967
o : R . . . g v(.p,reL‘);, . R R (prfg_.»)_
Tt el eeeee- 4609 53,7850 58785 1000 1000 1009

Household and commercial._..._.._.. 11,058 .. 11,867. . 13,025 23.1 22,1
Industrial ___....i:.C et 16,325 17/550° 18,634 32,6 31,7
Transpartation ! 11,94 12,715 14, 021 23.6 | . 123.8
Electrical generation, . 9,603 11,104 - - 12,875 20.6 21.9
Miscellaneous.. ... ... L 3. - 549 - 298 1.0 0,5
“ USility electricity purchased 3. ... .. 3,128 3,600 0 4,134 0] (51

"Inéljudes bunkers and military tvranspo‘rtation‘

.- 2 Represents outputs of hydropower and nuclear power cdnveried to theoretical energy impﬁts at prevailing rate 6f ‘
b b :

[pounds of coal per kilowatt-hour at central electric stations using 12,000 Btu per pound coal. Excludes imputs for power
generated by nonutility plants which are included within the ather consuming sectors, s }

3 Electricity generated and imported. EECE B

4 Not upp!lcab[er B ST

Source: Statistical abstract of the United States, 1969, p. 510.. -

3
&
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Fioure 1

Consumption of energy resources by major consumer groug, 1963, 1465, and 1967

50,000 Coa Zlectric generation,
R utilities
© 40,000 ,
) Transportation
30,000
. Industrial
20,000
10,000
] Household and
commercial

1963 f T1965 1967

The growth in use of cnelgy in the United States is dynanuc and is
outpacing the growth in population. If the past is any indication of the
future, new energy sources will erowd into the energy marketplace
before existing sources are depleted. During the. 1860’s, about 75
percent of the Nation’s inanimate energy supply came {rom wood.
By 1900, wood supplied only 21 percent of the-energy with coal,

“dominant with 71 percent of the energy market. By the later 1930’s,
oil and gas were challenging the posttion of coal and shortly after v‘

World: War IT were supplying more energy than coal..

... 'The years following. W orld. War IT- saw another sl)lft as the use of

* natural gas grew faster than crude oil:In 1968, natural gas production,

, 1nc1udmg liquids' made from; nattral gas, supphed 34.7 percent of the
Nation’s energy. Domestic- crude ‘oil supplled 35.3 percent, including -

oil imports raises the oil’s share to 40.1 percent.:The higher rate of gas,
consumption combined ‘with  increase demands’ for protection: of the

becoming the' Nation's largcsu ‘energy . source “within®

thc ‘adequiacy of natural gas supply.

":As:{or presentiuse:of energy, accordmg to & recenf, 1'eporu of thc?{
. ,Burn&u of:Mines; the” cnergy consumpmon of thc Unlted States 1n:‘
:1969 was the lughest ever. " Sl g . Bl

.S, Depurtment ot

n-natural’ gas-.
' few years' if’
adqeuate supplics are available:: However, thcre is preeult doubt about

3
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Energy equivalent to 65,645 trillion British thermal units was re-
-quired to meet the Natlon s-total 1969 requirements for heat, light,
, and all forms of power, This 1cpresents a5, 1~pcru,nt lncrease over 1968
de : consumyption, slightly below the" previous year’s growth rate.

i : : ‘ -The record energy demand was met principally through increased
. ; ~use of natural gas and petroleum, plus shght increases:in the use of
coal hydropower, ‘and nuclear power. :
Compared with:10 years ago, 1969 energy consumptlon 1epresents .
- a5l 2—percent increase at an ‘average growth rate of 4.2 percent
annually over thie past decade. Over tlmt 10-year perlod ‘the Bureau -
noted, consumption of dry natural gas grew 75.4 percent; water power,
55.8 percent petroleum™dand’ natural gas hqulds, 44,4 percent; and-
bituminous coal -and. lignite, ' 37.7 ‘percent.” Anthracite consumption
declined 49.8 percent. Nuclear. energy, whose use in generating electric
‘power was negligible 10 years ago,-juniped to. 141 trillion Btu.
In terms of consumption, the largest energy. increase. of 1969 was
: in electric utility power (12.1 percent); followed by energy for house-
7 . . hold and comniercial needs (6.9 percent), industrial uses (5 2 per cent),
“and transportation (4 percent),

‘Petroleum, continuing ‘as the dominant fucl supphed 43.2 percenb
of all U.S. energy demandsin 1969, The other energy sources, and each
one’s share in meeting the! year’s total energy needs were natural gas
(excluding natural-gas liquids), 32.1° percent; bituminous coal and
lignite, 20,1 percent; waterpower, 4 pclcent anthraclte 0.4 percent;
and nuclear’ energy, 0.2 percent.

Coal was still‘the major fuel for gcneratmg electric power in. 1969
but its share of the electric utility market declined fromn 61.7 pcrcent
. in 1968 to 57.5 percent.last year. Electric nt111t1es uccounted for 61
U .. percent of total coal consumption. . ,
’ P - .. Domesti¢c demand for-petroleum:and natuml gas hqulds 1ncreased'

7.5 percent’to’ 20 ,385  billion ‘¢ubic feet; ‘and’ dcmand for b1tum1nous

coal rose.1.1 percent to 505 million tons RN

‘Domestic crudeoil ‘production ‘was_up: only 1 percent lust year
compured to 3.5 percent in:1968. Impox ts accounted for: most of the:
increase in oil consumption.: : o

- Natural gas gtuned in‘all its consumer sectors, partlculurly 1n electrlc
power generation by utilities.:

- Given a dynamic, changing: pattern 1n cncrgy demand a.nd supply,

. one can understand the different.. opinions- about  the future . of: the
U.S. energy market shown'by. various forecasters. Although nuclear
power suppliés only a minute part of present encergy demands, some

{ forecasters expect uranium: and: thorium will. become the . lulgest

i “single source:of energy. for: the: Natlon within the next three decades.

g‘,

¥

- ‘However, : given ‘our . larger resources-of coal and: oil shale, and:the
technologlcal prospects --for : converting them - into. ‘fluid * fuels ~the

. for_the-rest.of: this_century. For'the :more: distant future,. there: are
Sr e hopes that certein . forms: of: hydrogen ‘atoms,  whichare present in

" nature, can baused as‘fuel in;the: fusion process Whlch 1n essence
“could proV1de an inexhaustible supply. .

As for the future, the Office; of - Sclence and Technology recentlyf-
‘released the results of a study made for it by the Battelle Memorial:
5 Inst1tutc Whlch compured many: recent folecusts of energy supply

5.1 percent to 5,152 million barrels; dry natural gas demand was up .

R

dominance of :the petroleum. like-fuels is:thought: likely: to contlnue;.,; -
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and demand. According to this report,' energy consumption in the
year 2000, including nonfuel uses, is expected to be about 170,000
trillion  British thermal units if real gross national product grows

" at about 4 percent per year: Consumption in 1968 was slightly over

62,000 trillion B.t.u. The average annual indicated growth rate is
about 3.2 percent.. . ‘

‘Although a figure of 170,000 trillion B.t.u. in the year 2000 appears -
reasonable to the Institute, on the basis of extrapolating current -

trends, it does not-reflect the effect of new factors which are already
emerging. Mostimportant of these is the growing concern for protecting
the environment. Also. this figure may not adequately reflect possible
changes in efficiency of energy conversion and changes in the pattern

of encrgy use, especially the larger share expected to go into electric
- power.production. SRR ' ‘

“All of the existing ﬁl‘bjéétioiﬁé analyzed by thc"Inst_itiltc estimate
that oil (including natural gas liquids) will continue to be the Nation’s.

largest source of energy through the year 2000, Natural gas, excluding
liquid fuels made from natural-gas, 1s expected-to continue to be the
second largest source of energy. Of three projections for both nuclear

power and coal at the end of the century, one estimates that coal will
provide slightly more “energy. than nuclear, another estimates just

the: opposite, and one foresces a large margin for nuclear. At the

moment the Federal Power Commission “and the Atomic Energy

Commission favor the second:estimate. :

- Hydroelectric power.is expected to continue to grow but to be of

decreasing relative importance and to supply the smallest'amount of
any -of - the" commercial ~energy: sources. in- the year 2000. Nuclear

. generation is expected to exceed ‘hydroelectric ‘generation some time
-between the years 1975-80. "~ o T e e

A consistent rate of .growth of energy _consumption toward  the .’

expected figure. of. 170,000 “trillion B.t.u. ‘for tlic year:2000 , would

require 3.4 quintillion (3.4X10'%)B.t.u. in. the 32 years from 1968 to,
2000. This is equivalent-to the energy in 590 billion:barrels of crude
“oil 'or: 170 billion tons of average grade U.S, coal resources, assuming

.20 -million B.t.u. per.ton: -7

. N - .

“‘Relative to past consumption, é‘x‘l")’éé‘te'_d‘donél{mlﬁﬁioil 1nthe 32 yeafs.
1968 t0:2000 will:be almost three (2.8) times that at:the prior 32 years,
1936 to.1963. Providing fuel to generate such quantities of energy will

pose & sukstantial problem for the energy industries and for Govern-
ment - policy, since the Nation' has been consuming its higher.grade,

. more accessible resources first and since even:the much smaller energy:

consumption of the last three decades has already created serious en-

_vironmental problems,. . . ...

- ENERGY AND THE SOCIETY. AND ECONOMY OF THE UNITED STATES

- -"lfhé:c;gon'_cf)my of ,tl)é'Uliitéd St‘i’it??'dﬁd:thQr—fééHll‘(‘)log"l’dq‘llyddVﬁnch
" nations is'based on encrgy. Energy is the ultimate raw material which
- permits the continued recycle of resources.into most of man’s require- -

ments for,food, clothing, and shélter:The productivity (and consump-

tion) of society is directly related to the per'capita energy available. .

"1 Exceutlve Office of the Président, Offiee of ' Seienco and Technology, “‘A: Survey and Comparison.of
Seleeted United States Energy Forecasts.”” Prepared for the * ‘ *.by the Paciflc Northwest La oratories

" of Battelle Memorial Institute, December 1969, 79 pages. -’
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Peonint® orowth and an increased standard of living through
technolvgical activity have spurred a steady expansion of energy con-

sumption. The extraction, transportation, and preparation of fuels;

the manufacture of energy conversion machinery; the production of
electric power; and the management of waste products and waste heat
are industrial activities which have grown-exponentially in the past
few'decades, " =~ e o T
Predictions of future levels for the economy and energy are begin-

‘ning toreveal limits imposed by environmental factors. The recogni- -

tion of finite abilities for"the air and: water, and landscape to-yield
fuels and assimilate wastes poses a direct challenge to growth. Eco-

logical information suggests the possibility of irrcversible changes

in" the environment - through energy exploitation. - Deeisions are
necessary in the near future in ‘order to preserve options for the
long term survival of society. -~ - oo oo '

It is clear that the environment cannot support' unlimited growth
of energy conversion because all energy eventually 'is discharged in
the form of heat. Lioeal thermal effects around major cities m‘e'n%rcndy
noticeable. However, by clever application of scientific knowledge
and prudent allocation of ‘energy resources, a high-standard of living
can be obtained for'a rather large world population. : ;

Within this- global limitation™ imposed- by . the interactions of the
economy, cnergy, population, and.the environment, lic several sub-

~ sets. Some: energy resources will' be exhausted in "the near - future.
Certain geographical locations may be at an economic disadvantage .

because:of high fuel costs while other areas may be saturated-as to
their abilities to absorb:wastes. Shifts-from one fuel ‘to another will
OCQUT, T T T s o
“The  current high -level of . concern . for ‘environmental . quality . is

(lraina_tiz'ingj ‘the "basic’ conflicts among alternative: uses ‘for natural -
& .

resources. Choices must be made which will preserve: the long-term
health of the renewable environment (air, water," and living systems),

“yet. will allow  the ‘prudent: exploitation’ of fuels.and: minerals, ‘The
concept’ of ‘récycling ‘materials is' growing 'in - importance and will_
‘provide the ultimate answer to many of the mineral supply questions.

Howeyver, fuels dre degraded:permanently as they are used—ending

up'in_the form of thermal energy ‘whiech is radiated from- the.carth into -
~ space.“To this extent'the fuel supply of the planet is always finite and
decreasing. The constant. supply of Incoming solar energy is very large

in comparison: to'fossil-or nuclear fuels but it is difficult to concentrate

for industrial purposc¢s and is-not:considered: a significant capturable

source for a high technology society. -

Conventional economics emphasizes ‘thé ‘sh.ort;-tcr'r‘n, localized gain
as opposed to the long-term, worldwide balance of cost and. benefit.

In addition, the newly appreciated: values of affluent nations are not .-

casily -quantified or ‘expressed- in monetary units: Thus the market

place as a ‘decisionmaking: institution ‘may fail to produce the best .

B

choices.

~“In ‘seeking ‘the loug-term *optifum. fdlj"'f}i;'érld‘\\'idé‘vi,dévéloj‘)n‘iént,"‘ '

technological ‘and ' economic ‘forecasting are essential “tools' for:'the
decisionmaker.” Forceasts are’ baseéd -on' extrapolations of ‘past.and
present’ trends, new. possibilities through -applied: science,’ population

~growth rates, ‘anticipated changes in"human, activity, ‘and 'so forth.

et e
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Tuspection of past forecasts for energy consumption in the light of
present facts shows that they have quite often been too conservative.
However, Timitations from environmental factors may make current
forecasts turn out to be too expansive.

Another aid to management judgment is the calenlation of re--
serves of fuel—oil, gas, coal, hydropower, uranium, thorium, cte. A
lesser degree of uncer talnty aecompanies these statistics since they
have. been developed  for many years -and. the exploration of the

- earth’s surface is well advanced. Nevertheless, the economics of extrac-
tion, preparation, and- transportation has been complicated by en-

vironmental_ considerations. such’ us oil. spills from tankers and the
removal of sulfur from coal and oil. While the supplies of fuel in terms
of lieating value alone may be calculated fairly accurately, the avail-
ability ol “Tuels suitable for specific. applications or geographical areas
can be altered radically and quickly in the name of pollution abatement.
Thus," reliable information for decisionmaking is badly needed in
the energy based economy at a time when precision is threatened by

‘many- new . factors—foremost among them being: environmental

qualty. Tlusxcport analyzes the recent Titerature pertinent to energy—
particularly electricity, the economy and the environment. A sum-
mary of existing knowledge is presented as a backdrop for possible
congressional hemmvs whicli would clucidate the difficult conflicts
to be resolved and 1)01nt the way for government and private sector
ommu/,atlons to, obtmn addltlonal daba

THE SITUATION FOR ELECTRICAL ENERGY

As the Natlon enters ‘the. remaining third of the 20th ccnt;my,

electricity literally. has. become-a nc00551ty for urban, suburban, and

rural life, in both its .economic and social aspects. At present, most of
the el(,ctrlcny is generated and delivered by eléctric utilities, and the
decisions aﬂcctmv the future supply ‘of clectricity in large pnrt will
be those of the m*ma(fcmcnb ‘of those utilities:
Three interacting qucstlons about clccmmty arise f01 th(, 1'cmmnmg
tln-co decades: of: the 1900’s. These are: :
(1) Is thére o gap, now or labcl bctwccn dcmand fmd supply
for electricity? .
(2): What are thc cnvn‘onmcntal cﬁccbs of  the clcctrlclby
1ndust1y what can be done about undesirable ‘effcets, -and what
- are’ llkcly to-be the costs of control or abatement of- these cffects?.
(3): What will: environmental quality ‘protection regulations
do to alter the choice among ‘fucls. for clectricity gcncmtlon‘?
- A review of current thought about thcsc three qncstlons %uggcsta
rhc following summary answers: =
Concerning an. electricity gap, some 1ospo:151b1c ofﬁcmls zmd utlhby
officers C\pect there will be_occasional shortages of clectricity again
this summer: :‘The results. of ‘the: shortage-may be ‘decrease in /tho

-quality of clectrical service by lowering the voltage, or, in nore severe

instances, ‘the- -temporary cutting off;:or shcd(ln “of some-users to
keep” thc total electrical (lcmand of ' system: thhm its-ability to

supply. Asfor the longer-term outlook, the industry and Government

expeet_that power plmlts can be built to- supply future requirements,

but only if a series of a'ssumpuons turn out favorably.
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Concerning the environmental effects of generating electricity and
carrying i' v its users, the wastes from very large powerplants are
g certain to cause. definite and probably unacceptable environmental
\ A © 7 effects unless equipment and procedures are used to coutrol and
' abate discharge of .wastes to the air and wuter. The added capital
investment for waste control facilities,” their costs<of operation and
their possible adverse cffect upon ‘operating efficiency of powerplants
all-can be expected ‘to ‘incresse the _cost of generating clectricity,
which ultimately must be reflested in ‘an increase in the" price paid
- by the user.-How much this increase ‘will be is conjectural. It seems
likely to be acceptable for residential "users, ‘except’ that the effect
will“bear most heavily ‘upon the poor. However the increase may
change the economics of certain industries that use large amounts of
clectricity, such as metal refining and'rocessing. - .

Unless ‘methods are developed: to permit- the use’of fossil fuels
of high natural sulfur “content, present trends in public insistence
upon use of low sulfur fuels cun lead to-a rapid-use of our natural
gas reserve, a'growing reiiance of ‘parts of our country upon imported
fuels: and a ‘diminished use of ‘coal even: though this is the muost
plentilul of the fossil fuels; Furthermore, expectations that the supply

: of electricity will be adequate to meet future' demand also assumes a
; major technological step forwar:i in nuclear power—use of the breeder
reactor—will ‘be cominercially attractive and feasible by the 1980’s.
- Some perspectives S e ol o

The Federal: Power Commission  expects that by the year 1990 .
the Nation’selectiicity’ industry will have to plan, finance, -build v_
wiid bring into operation nearly:900 million kilowatts of new electrical ;
generating- capacity, almost three times ‘that available in~1970. In
addition,  the! industry ' must - also- replace - existing’. powerplants as
they ‘become _ t06. obsolete  to -continue: in*use.-Over recent .y ars,

“utilities. have retired ’ol(l‘steam;gencratiﬂg_”planbs at an average rate

O

ety

in excess of 0.6 million kilowatts, per.year.: oo a NI
~'This eéxpansion will require the utilities to find soine 225 new sites for
very large new:'steam electric plants for. individual. units-.of . 500 -
megawatt outpub, or larger..Of these'91 are expected ‘to. be-for fossil
fuels'and 164 for nuclear power. The expansion of generating plants
and: transmission lines: will : require- the industry, in " its privately,
publicly, and 'cooperatively -owned: segments, to raise.an estimated )
‘ $350 billion during the next two decades. The combined output of the
I new steam-electric' plants: approximates 450 times that of ‘the. largest
steam.electric. plants currently in operation in the United States, or
of 670 new Hoover Dams, = .0 o0 L. O
‘To supply the utilities with fossil and nuclear fuels for future genera-:
i tion of electricity will also demand. a marked expansion in- the supply’
of coal, oil, gas, ‘and uranium: Complicating factors are:. . PR T
1 R G DY Regulations that limit. the: sulfur content of fossil fuels. -
‘ ‘ 2 (2)0 pposition’to. thie import of low: sulfur fuels. . . .. v
; S (8): Tflc‘fposs'_ibility-k,tl}at-’ucw discoveries of-natural gaswill not P
v keep pace with expanding use for generation of electricity. -~ . -

e (4), T,hc;teéhpicalinn‘d;'ccongmic practicability of the bryeed(r;r{‘
reactor remains'to be demonstrated. 7 L T

e
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To transmit the olectnclty generated -at these plants to the using
areas within and between the States will require obtaining rightts-of-
way for and building an estimated 188,000 miles of new lngh voltage

. transmission lines.

No estimates are available for the new 1)1pc11ncs lﬂll“’ﬂ)’b, barges, or

~ships needed to transport fuel matcrmls to t‘1esc powcrp.ants

Prospects of shortage

Forecasters of the Federal Governmcnt an(l the dectrluty mdustry
expect the demand for electr icity to continue to ‘grow.at an average
rate of 7 percent-a year with a doubling time of every 10 years. Most
expect that the powerplants and transmission lines- to supply this

demand will be built and brought into operation as needed. Some.

observers do not: shave this optimism’ and none: believes that such a

rate of increasé can continue for morc than a fe\\ (]oublmg times in.

any one geographical area.
Viewing the Nation as a whole,: there seems. to be no 1n11ne(lmtc
shortage of electricity. However, clectricity has:been in short supply

1n some parts of the country (lurmg periods of peak demand and the

quality of the supply has sometiines been reduced in meeting these
peak demands. New- York City, :the Washington ‘metropolitan area,

~parts of the Tennessee Valley are exainples. For.the summer of 1970,

if peak “demands again coincide With temporary “outage of major

powerplants or difficulties with*transmission, 'some- local shortages -

could ‘again ‘becxperienced. Some believe that existing generating
reserves are already.at dangerously low margins on many clectricity
systemns and pools, and’ much of tlns 1'escrve is in old plnan that are

_pnst retirement agc : :
Coal supplicrs. are not mcctmg thclr commltmcnts to utlhtlcs nnd[ .

stockpllcs at many,; plants are down:to ‘210 ‘to 15 days supply ii

. comparison. with" the’ desirable nmount of- scvcml months or‘inore.

Tabor unrest i rail t;rnnsport and’ in conl mmcs t;hus coul(l qmckly

- lead to power shortages'in.some: places. *

Luck will be an important clement in wlmt hnpp s t;lns stimmer.

- Looking ahead.for. the next two.decades and E1)rOJcct;1ng the present .

growth in-demand’ for clectricity,. the supply of.fuel’ materials of oil,

¢oal, and uranium, but probably hot for natural gas, will be, adequately

avmlablc in clep051ts aceessible to.the United States.” However: it is:

“not as:evident:that the plant. and' equlpment ‘heeded to work these

dep051ts to: process -the fuel: materials-and to transport them to the

- })0\\ erplants will be available and:in'operation when needed, pm‘tlcu-f

arly if there should be any substantml shift in the: share: of energy .
derived from-each source. Also'it.is not as evident thatthe costs of-
those fuels will retain their present. competltlvc status w1th onc a,nother
which introduces further.uncertainties.. .

‘The tcclmology to build large steam- elecfl'lc pla,nts fuelcd by coal

oil, gas, or uranium'through the 1970’s appears to be in hand or rea-
",sonably attmnable assuming the trcn(l ‘toward: dc51gn -and’ construc-
“tionof 'very large- plants’and high! capasity” transmission lines " will
continue “and’ that" obJectlonable env1ronmcntnl cﬂ"ects ‘ean; bc cor-,

1'ccted lhcrc 1s'some (loubt abouL the latter. T
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Some underlying assumptions
The expectations that the supply of electrical energy will keep pace
- with demand through the 1980’s and 1990’s appear to rest upon many
assumptions. Some of those identified during the course of this study
include the following: - : S

1. The demand for electricity will continue to grow. as in the past.
" The historical growth of 7 pereent; with a doubling ' time of 10
gears, will - continue:-However, for 1968 and 1969-the loads have

een about 9 percent. . -

The electricity industry will continue to pro‘motc greater use of .

~electricity.

2. The_ environment can absorb :_thq ‘wastes. of : doubling electric ‘power
every decade with whatever control s afforded by present technology. -
8. Competition among fuels will remain effective.- , o

The competition among present. fuels for:steam-clectriec plants—

oil, coal, gas, and ~uranium—will- remain effective .and that these.
fuels will be sufficiently available for utilities to change from one to. -

another on short notices as prices dictate. . v
Such eompetition assumes also that time. and eapital will be avail-
able to provide the plant and equipment to work. the deposits of these
‘materials and do whatever fuel processing is necessary before delivery
to the powerplants. e T A S ‘

4. Nuclear powerplants will géne7;qte ‘mach of the future electricity.

.~ Nuclear power will supply perhaps 25 percent of the: ‘electricity‘

by the year 1980, 40 percent by 1990 and' 60 percent by ‘the vear
2000. This in’ turn assumes that_ the. breeding reactor will - become

commereially feasible and ‘available by ‘the mid:1980’s aiid also that
‘the ' costs - of ‘nuclear power: will reverse their: recent slight upward

trend and will be competitive with fossil fuels. It assumes. also that

s

_radioactiye wastes.and waste heat: - N T 0T

‘such plants can work within ‘future: limits governing emission of

5. Very large steam-electric plants will prove feasible to build and.

operate.

-Larger nuclear reactors, new ‘generators,  transformers, and, com- *

' ponents for thie very:large powerplants require a large step beyond
existing techonology that could inerease outage risks which are alréady

-large because powerplant equipment is not-being built:with sufficient B

quality eontrol to assure reliable performance. - -

Further, much’of the new capacity'in the near future must come
from -the first” géneration of large:nuclear powerplants which have
still to demonstrate their working characteristics. = .~ .

Unit sizes already are so large that oné or two unscheduled shut-
downs can cause & power shortage on an: entire system. .. - - .

6. The. economics of scale will be realized. .

. The present trend toward. fewer but larger. steam-electric power-
plants will continue and bring economies in operation not to.be had

with more but smaller powerplants.: .. .- e
7. Sites for powerplants will be available as needed.

" Environmental effects.of very large powerplants will be as tolerable
_to the public as the effects of smaller plants. =~~~ . - .

A
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The waste. ‘heat, combustion products, and radioactive materials
from. wery larme powerplants:»r groupings of powerplants will not
produce unaceeptable environmental cffects. : »

8. Righis-ofzvay for tramsmission lines will be available as needed.

The: envirommental cffects of transmission lines will be or can be
made tolerable enough so. that’ rights-of-way for new lines can”be
obtaimed .as needed. The ‘trend toward fewer but larger powerplants

brings w¥ith it the concentration of transmission lines in ‘the vicinity

of these plants. ‘ S
9. The performance of transmission lines will be improved.

The technology of transmitting electricity over long distances with- "

out excessive loss of power or costs will be available. ;

Private interests with little or no Federal assistance will fund the
reqiiisite research and develepinent to Jimprove ' and ‘demonstrate
improvements im: tramsmission.line” technology such as direct current,

10.. Fossil fuels will not e diverted significantly to chemical markets.

Thromgh the next several decades, the demand for coal; oil and g8s
as. o Taw material for chemical :and food industries will not become so

large as-#o divent these materials from: fuel -use, and that national

conservation policies will notzgive a higher priority to non-fuel uses.
I1. The electricity industn@;wcap finance “the new

-plani-?%i;ad' equipment

Financimg will be qvixilublgﬁfcd‘ft}}q privately, publyiébly, and coopera-
tively: owned seetors of the-electricity industry to build new: power-
plants and transmission linesas needed. C e

12. Delays will not get worse.

Schedules’ for sacquiring -plantsites, '1‘ights—of-wagr for ! transmission -

lines, manufacture of  equipment, . construction o powerplants and
" 18. Beonomic eamcentrations an thezindustry - will not violate antitrust
laws. ‘ o B TS P I
The trend toward very large;powerplants and consequent formation

. of large joint ventures to fund and .operate ‘them, -and' the parallel
‘possible concentration of economi¢power:in. the financing of the vast

future -capital inwestments: required’ by the “electricity industry will
not vielate antitrust legislation. U P

ISSUES ) OF::ENERGY, 'ELECTRICITY; AND THE ENVIRONMENT -

Many issues. possibly warranting; the' attention of @C«ongre’ss’ -ap-

‘peared during tlie. course of this :stady. These, may. be -classified as
‘operational, ecolionyic, . technological, environmental, resource, ‘and
regulatory. Manyiof these :issues are so interrelated: that they could
~readily _appear ammmore than one - category. The:issues identified-

during fihis study, #olkow,; posed in.theform of questions. '

Opevational issues R e
1. Nationakiemergy policy ST SN
To what exten‘his;t]m.mhrketpl‘nwtgspifg{;“an adequate decisionmaking

Institution to assure mdlequate supiiliesiof energy in -appropriaté form'

A
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_rights-of-way, additional power cinnot:be readily had?

12

Is a- government policy needed to assure industiv access to principal
energy resources in the future, both domestic and imported?

What are the alternatives to Federal regulation of the entire energy
market? )

2. Economic and defense implications of fuel imports

What are the defense- and economic implications of increasing
imports of residual fuel oil and liquified natural gas for the cast coast
and the Midwest? o A ol ‘

Are defense uses sufficiently different from civilian consumption to
warrant separate policy decisions basedl on war-or-peace forecasts?
oo 8. Planning for electric power ‘ , ' '

- To what extent are bresent arrangements for regional planning
in the electric power industry likely to assure tlhe generating capacity

~will be available when and where needed?

What factors may upset the current forecasts of the Federal Power

ommission as to future demand for and supply of electricity?

What are the consequences to home users and industry of bad
planning? D ' :

4. Avoiding shortages ‘ ‘ ) _ ,

What changes may be needed in FPC authority and functions to
fix the responsibility ‘and authority for Federal action replanning and
operations to supply electricity? ; AR R

What short-termi’ measuros may be taken by the industry to-avoid

o

~or alleviate the Possible  brown-out type’ shortages: this. summer?

Should advertising for appliances and other uses be curtailed?-

What can be done to prevent further slippage invthc'sch‘mlulc_d time .

to build and put into operation’large’ powerplants?- .

What is the effect of environmental protection Tequirements on niew
plant construction?: Do e R T Lo
“ 8. Powerplant sites and trqnsrﬁissiqn rights-of-way I
What, if any, Federal authority should there be to assist in, and,

Af necessary, obtain: by legal action sites for large. powerplants and

rights-of-way for transmission lines?. L o ,
How would the public’s nterest in preserving the environment be
represented-in, such proceedings and balanced against the need for.

clectricity?

6. POlz'cyjon"pz'oyﬁoiin_('/"use of ele'ctricity»._‘i; T I T
-Should the FPC and the utilities continue’ with theit philosophy of -
promoting additional per capita use of clectricity? If not, what policy

~should replace it?

7. I?olz'cyondiscdumging use .of electricity - - S
‘Should the Government adopt‘a policy of discouraging use of ‘clec-
tricity, at:least until present shortages’ are remedied, or'm those places
ransmission

where,  becausé ‘of Jlimitations on generating -sites and;.

Economic issues . L T o

- A: Will changing costs and supply conditions be reflectedin changing’
relative prices for differeny, energy sources? What maguitude of relative
price change will be needed . to shift domand toward: the relatively .
more abundint soiirces of supply? . - R T T
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" How much does this depenid on Federal R. & D. funding?’
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B. Shouid electricity pricing schedules be revised to discourage
rather than encourage marginal use? '
1. Pricing electricity
To what extent should the price charged for clectricity include:
(@) Costs of preventing and abating environmental effects of
generating and transmitting electricity? = RS
(b) Costs of dealing with the effects already caused by provious
generation? . T _ - L -
(¢) Costs of requirements upon fuel suppliers'that they in turn
control- and ‘abate the environments effects of removing fuel
-materials‘from:nature and processing them? - = 77777 :
(d) Research and development to: o :
(1) Improve the efficiency of electricity generation?
(2)-Improve waste control equipment and procedures?
(3) Develop new sources’of energy for conversion into
~ electricity? R o ' i
2. Sale of AEC gaseous diffusion plants o
What are the economic implications for the' future of nuclear

power of the terms and conditions of the sale by AEC of its gaseous -
diffusion plants to private industry, which has been proposed?

8. Trend toward larger- powerplants

.~ What are - the effects upon . the cle‘ctrici’tyvz industry-“of the' trend

toward  fewer - ‘but: larger .powerplants - ‘that generate more’ elec-

. tricity than'is neeéded by an individual utility? What are.the effects
on the environment? -~ R : TR

. Wha't,i,s,“the_'i_mplicatioh“of “the _trend ‘toward I@fgét'fibbSSYe}Ijlants '

p’riyately‘,v publicly, and ‘cooperatively. Vow‘nec‘l_? S
4. Reguirements for capital - -

- and larger transmission facilities for the smaller. power companies—.

- “The electricity industry is ‘capital intensive. ‘What are the prospects

' that it can in fact raise:$350. billion during the next 20 years for new
“plant and equipmenit? What will'be‘the credit market impact, of thése

heavy capital demands? & -+

" Whatestimates are there of _the",c;x‘pitval_' required by the energy’ -
industries over the next 20 years for, their total estimated production?

“For that part of their production dedicated to-the electricity industry?

. What capital investment is expected for plant and equipment ‘to

- move energy materials—rails for coal, pipelines for.oil and gas, etc.—

to supply. the electricity industry of the.1980’s and 1990’s? """

o . 6. Economic limitations on growth in'demand. - RS
- 'What economic factors might influénce the demand for electricity
during the next two decades?  ~ "o et e
"1, The breeder vector .

" 'What are the prospects that the breeder reactor will inifact be

- commereially “available: and economically: attractive’ By the mid-
*,1980’s. when..it ‘will be: needed . if _projections. of . the role’ of-“nuclear :

power .are- to .be met?
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2. Byproduct use of waste heat -

What are the prospects for developing byproduct uses of large
amounts of low quality heat as an alternative to discharging into the
environment?

What economic measures could ‘be. takcn to fostcl the byploduct
use of heat?

Should nuclear- utilities -be encouraged- tor dcmonstl ate such uscs‘? T

To diversify their: operations into such applications?

8. -Technical limits to powerplant size
‘“What hmltlng factors are there, if any, to the ultimate size of indi-

vidual generating ubits, of mdlvldual powerplants (wluch 1may inelude

several units)?
4o Ejﬁcwncy of steam-electric plants

What measurcs can be taken to accelerate 1mprovcmcnts in increas-

ing the efficiency of. steam-clectric plants so that less heat is wasted?
When will MHD be comnmercially proven at the plcscnt rate of
development? ‘ .
Whose responsibility are these. measures? o :
What is now being done by the utllltlcs‘? By Government? -

5. Prospects Jor the. fuel cell

What are the prospects for the fuel ccll as & competitive source of..
" turbine generated clectricity for lmgm users? ‘What are the limiting -
. factors such-as. catalysts avmlablhty, size of umts capltal cost ete?.

Resource 188U€S -

A [N

1. Natuml gas
“"With respect to. fossil fuel cnergv resources avmlable for gencratmg

clcctmmty during"the next three decades, natural gas. appears to be
~incthe \fcakcst posltlon It'is oftcn found and produced in, nou]unctlon
,\\'1th oll. -~

" To what extent are pubhshcd reserve, data partlcularly on natural :
- gas, c\trcmcly misleading, as some have clmmed‘?
. What _is- the potential . for- mclcased 1mportatlon of natuml gas‘?g
IIO\\f do costs of’ 1mportatlon compmc \v1th costs of domcstlc.
' nroductlon? : B T 2 C -

2. I)rzllmg for gas and ozl

~In view of the'as yet. u1solvcd cuvn‘onmcnucl pollutlon problcms
;\\hlch have arisen with’ rcspcct to offshore drilling for oil and gas,’ is
- it 'desirable that exploration ahd discovery drilling for these fuels be
" encouraged on. ]zmdp

in-the contiguous states? If so, ‘what incentive
would be desirable? Should:offshore drilling:be" further .restricted or
lmlted until more adequate environmental safefruards are developed?

“How can" natuLal gas. dlscovcrcd on. the. Alaskan North Slopc be.
‘most \Vlsely used? S L

.8. Coal productzon

_ Although coal resources overall are very largc thcrc arc mcrcasmg '
’1nd1catlons ‘that production, by coal 1nines in’ the ‘present lzugc o~
ducmg arcas has not’ been: Very rcsponswc to ‘the condition of in-

creased "demand,’ shghtly higher prices, and gcncrally 1cduced stocks
on hand. Tlus s1tuittlon poses several rclated qucstlons :

$
i,
i

L
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(@) To-what extent are present mining establishments even more
overcommitted (with respect to probable demand, present and future)
for low-sulfur coals than for other types? o

- (b) What major developments are now. in motion or firmly planned
for development of -large but only slightly developed resources of
- low-sulfur sub-bituminous coals and lignite found in the Northern

Plains and Mountain States? e o
- (c) Is it desirablé that there be private or public stimulation of
- the mining of such coals in those areas?. S A
(d) ‘Prospectively, what provisions would need to be made, and at
what capital cost for production and transportation? Is there now
adequate technology for reclamation of these sub-humid lands after
strip, mining and-at what cost? - T o :
Environmental issues e
1. Control of sulfur dioxide’ - - : ’ S
“Many local air pollution control agencies are restricting the use
of fossil fuels'that contain sulfur. Are fossil fuel supplies of low sulfur
content available presently and in the future to meet federally recom-
mended air quality standards for sulfur oxides? o
If not, who has the responsibility for expediting development and
demonstration of methods and - equipment ‘to_remove sulfur oxides
‘ fi}'lon}? stack gases of power plants? What priority should be given to
- Concerning " the: effect. upon fossil fuelsupply - of -sulfur: content
- limitations, what: are their effects upon present import - of residual
fuel 0il?. What- are -the projected .demands for: low-sulfur. oil from
- foreign sources—assuming no limitation of import by government
action? 7' U Gug e e T TR :
2. Bypassing the use of electricity .

. As a means vi reducing consumption of electricity, and thus reduce

. environmental effects, to what_ extent could or should Government
policies seek to encourage the direct conversion of fuels to mechanical

energy or heat energy in preference to converting f uel into electricity
which “then is converted:into mechanical or-heat energy; with the
inevitable:60 percent loss ‘of heat energy: at the first conversion step?

‘8. Comparison of nuclear and fossil fuels. .

. What definitive Government, analysis of the comparatweenvuon- ‘
. electricity

mental ‘effects of nuclear and fossil fuels for -generation o

has been performed? Is one feasiblé? Who should do'it?” "

- How would electricity generated from nuclear versus fossiLfilplstdml '
ollution”standard? -

pare in cost if each system'had to.meet a “zerop

he Federal Govérnment adopt,and enfo

- pollution’ means no emissio
ey Eveluating

vironmental effécts

ns in’exXcess of Federal:standards:

- “What reasons ‘are there t6 develop o uniforni method of evaluating” =

*environmental . effects. of major power projects, ‘perhaps 'a method
based upon cost-benefit analysis? G , o e

deral Gover lopt and enforce a niational policy.
0 pollution” from‘all” new: power. generating facilities? ¢ “Zero,
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What weight should environmental considerations carry in decisions
by utilities as to where and how to generate electricity and to transrmit
1t, and associated review and decisions by Government agencies?

6. Administration , . .

"To what extent would the users of electricity, the utilities, and the
environment be better served by consolidating in a single Fedéral
office' and in single State counterpart offices whatever Government
action is related to' protection of the environment?

7. Protection of amenities ) B : :
Is there needed a  national policy for amenity" protection and
supporting legislation so that ]hc' Federal Government -would set
standards and criteria to guide State, local, and regional agencies in
deciding where power facilities and ‘transmission lines. should be
located and’ their appearance? Who would apply and: enforce such
standards? How can State governments cause Zoning. agencies . to
give special attention to siting of poiwer generation and transmission

facilitles? . o : ‘
8. Transportation of ¢il .
To what extent should the environmental . problems from long-
distance transportation of oil ‘be considered in deciding what" fuels
will be used by steam-electric powerplants? e

9. Costs of “clean electricity’ o o
. How much will it cost to keep the environmental effects of genera-

<

" -tioni :and - transmission “of clectricity, including effects of the - fuel
suppliers; within limits acceptable to society? How should ‘these costs

‘be divided between: | o :
(@) The taxpayers—Federal, State, and local.

(b) The ratepayers. - = .- . . o
. (¢) Tise utilities, from income in excess of expenses,

‘How ‘much agreement is thers concerning costs . of controlling’
environmental ‘effects. of generation and' transmission of electricity

for:. - - S e e . o
-7 (a). What -capital ‘and operating - costs should ' be  recognized
by State public utility commissions‘in the setting of rates?

" (b) The amount of those costs. "~ -~ . -

‘ 10. Reclaiming sirip mines =~ - .

. How should ‘the’ costs of reclaiming abandorned deep and pit mines
in the coalfields be divided between present coal. producers and the
taxpayer? .. o oo ST S
B 8 Ta:cz'ncenti?’eﬁe;;,» Sl e

To what extent should local agencies of Government be encouraged
to give special tax: be,ncﬁ‘ts‘for;capiti.il’i_n_'vest'ments'tha’t reduce the

12. Egially vigorous standards .-

“Should all Timits for emissions ';fI“OI‘n;:‘P‘O\‘VéI\'plﬂ,bn ts have: as rigorous.

a safety factor as those set by AEC for emission of radioactive effluents?

AR 5 b et A S
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18...Coal misis.. .1 the Rockies ,
Concerning pla. w use low-sulfur coal in the Rocky Mountain area,
what is known of the likely environmental off ects-of niining these coal-
fields in this topography? - : :
Regulatory ssues .. - : o
1.. How should Federal agencies consider social and cconomic values
In. the regulation of utilitics and -also the public interest for such
matters as: ~ - o s Lo _
(@) Balanced cnergy ¢conomy. S ’ :
(0) Efficiency in allocation and ‘use of the Nation’s ‘natural
resources’ of fuel, land, air, and water? - ‘ T .
(¢) Social performance of the clectric utility industry in con- f
N tributing to the Nation’s overall ‘economic and " environmental

' welfare.

. CONGRESSIONAL INTEREST IN ENVIRONMENTAL POLLUTION

PR -Many' committees. of Congress have examined various ‘aspects of -
Lo * environmental pollution and indoing so:have ‘helped ‘to illuminate
= - the nature and-extent of the effects of generating eleetricity upon ‘the
environment.: In ‘the House, the Committee on Education and Labor,
the. Committee on Government Operations, the' Committee on Scierice
and Astronautics, the Cbmmittec*on‘Iiit-ers.tnte;all(lvEOrCigl_l Commerce, H
and the: Committec: on Public Works Lave held: hearings. ~: .. - U
In the Senate; the Committees on’ Commerce, District-of Columbia,
Government - Operations; “Interior and Insular ~“Affairs,” and Public
Works: also”have held” hearings ‘on ‘matters such ‘gs . air ‘and’ water
pollution and environmenta] quality. The:Joint Committee on Atomic .
‘Energy likewisc ‘has done so ‘and’. during 11969 and.-1970: has held . ex- »
.. tensive hearings specifically oii>:bh\ol_cn'viromilc'nt,n.l,eﬁects‘-’of generating
eleetricity. A list of the hearings and publications of these committees
* appear: in ‘appendix - IL... oo Y T R e T
, ﬁT-his‘cktensivc"b‘nckgr‘ound‘_c')f hearings and reports makes it possible
to ‘proceed ‘more -directly. to - laying. out' the :overall _environmental
effects of all of the industrial operations involved. in the: generating
~-of electricity, the supplying”of fuel-to. the powerplants, and the trans-
-“mission " of  the electricily 'to ‘the: using areas; and to ‘identifying” and
examining- the economic factors involved. =~~~ 0 o
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Is ThHERE AN EnNERrRGY GaAPR?

AN OVERVIEW .

Until quite recently it was assumed that because the United States
had large reserves of fuels in the form of cpal and oil shales and nuclear
fuels—provided the breeder reactor can be perfected, there was little
prospective shortage of available, useful energy. Recently warnings
are heard that the United States may be passing from a situation of
energy abundance into one of energy searcity.. If so, this would have
grave implications for prospects of further increasing the standard of
living and also increasing the productivity of labor. The imports of
residual fuel oil to the northeastern United States, present plans to
import it into the Midwest, and future plans to import liquified natural
gas may reflect a decrease in availability of energy from domestic
sources to meet rising demands. - '

As for clectricity, some local shortages during peakload periods of
last summer and this past winter.have occurred. These shortages seem
likely to be repeated during 1970, particular should peak demands
coincide with interruption of the output of large powerplants. The
shortages are likely to be aggravated in those densely populated parts
of the country that use large amounts of electricity but where land is
not readily available for either large new powerplants or transmission
lines. Some shortages may occur because of shortages'in the supply of
coal and because of changes from coal to oil or gas because of increas-
ingly severe limitations upon the permissible amount of sulfur in coal
burned . in. powerplants. Present restrictions on imports of residual
fuel oils and signs of a shortage in natural gas seem likely to complicate
the. fuel supply for large new powerplants as they are ordered and
and built. o o '

o SOME VIEWS
The past year has produced v

and severity of possible shortages in electricity: . .. .

Lee C. White, past Chairman of the Federal Power Commission,

in his last official press conference at the. FPC, said that his biggest

disappointment -was “the inability to persuade the electric-power .

industry and the Congress that we are rushing, I am afraid almost

headlong, into a situation where we may not have enough electric

energy in this country to go around.”

. - John T. Ryan, commissioner, New.York State Public Schice Com- -
mission concerning the ability of the Consolidated Edison Co. of New ..

York to'meet clectric demands this summer, he said:" e
* % % Based on 1969 experience, if the peak load forecast for 1970 is reached in

June and thic level of system deratings experieneed in 1969 again prevails, the -
-~ capacity available.to mect foreed outages-would be-very-small or even negative.

Glenn T. Seaborg, Chairman of the U.S. Atumic Energy Commission;
in “testimony before the Joint Committee on Atomic Energy on
October-29. 1969: s : : oo

vide-spread concern over the imminence

™
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* % % In the years ahead, today’s outeries about the environment will be
nothing eoinpared to the eries of angry citizens who find that power failures due
to a lack of sufficient generating eapacity to meet peak loads have plunged them
into prolonged blackouts—not mere minutes of inconvenience, but hours—
perhaps days—when their health and well-being and that of their familics, may
be seriously endangered. -

Philip Sporn, member of the National Academy of Engineering and
former president of the American Electric Power Co.:

Recently, the cxpansion of clectric-power gencrating eapacity has been stopped
or delayed at a growing number of points in the United States. These delays
are a result of well-intentioned activities that have eaused rising public anxicty
about the environmental iinpact of the operation of cleetric gencrating stations
and, particularly, of atomic generating plants. * * * Becausc of delays in the
installation of new generating capacity many major power grids arc without
comfortable rescrves to mect cmergeneies. And if this opposition to cxpanding
our eleetric energy supply. continucs, surely we arc going to bring about a cat-
astrophie situation. This we simply must avoid. The implication this carries for
our national policy is clear. A major cffort is ealled for to malke possible continuing
and expanding .usc of energy by man and to assure comnpatibility of this energy
with a healthy environment. ‘ )

John A. Carver, Jr., Commissioner, Federal Power Commission:

A crisis exists right now. For the next threc decades we will ‘be in a race for
our lives to mneét our energy neceds. : L .

David Freeman, Director; Energy Policy Staff, Office of Science and
Technology: L C '

* * * anyone who looks at the facts on power supply today and doesn’t believe
that the industry 'is in trouble is living in a dream world. o

Generating reserves are already at dangerously low margins on many systerms
and pools, and much of it is old plants that are past retiremnent age.

* * * the real question is not whether we will have a power shortage in the
near future, but rather wiiether the shortage of the past year will intensify. -

Charles A. Robinson, Jr., staff counsel to the National Rural
Electric .Association: . , ‘

America’s cleetric utility systems are currently attcmbting to:remedy ,what is’

certainly the most eritical power shortage since World War II, if not the worst
in the entire 82-ycar history of the industry. : )

SOME REPORTED POWER SHORTAGES' -

" Shortages of ‘:'g':éljlt.a'_l"atirig‘:,'_cgl)acjpy~'_resulktiplg‘ .from; various: causes. -
have produced relatively critical situations in:‘electric’ power ‘supply”

in several .areas of the United States in recent years.”The following:
are éxamples of shortages of sufficient severity to cause concern. '

. During: the 11969 ‘summer. peak Toad séason electric systems: com-
prising “the ~Pennsylvania-New ‘Jersey-Maiyland *interconnéction

- (PIM "pool) ordered; 8-percent. voltage -rediictions on-five separate
occasions’and 5-percent reductions on''six- occasions,  including ‘one-
general public- appeal:for voluntary -1oad “curtailment: ‘The actual”
PJM summer Teserve margin-was. 4.5 percent compared with the:

previously forecast 11 percent and a desirable level of 20‘percent. .
~An cmergency meeting of PJM-

Delaware, and’ the District:of Columbia: was held on ‘December 23,

1969, “to "consider” the ‘equally  critical ‘situation ‘developing for 1970
~and 1971 All possible remedies Were evaluated; including cold reserve
identification;  ‘advancement ‘of construction - schedules; postponing "

“retirements, and.'identification” of ‘customer-owned capacity. Ali of

rea’ regulatory . commissions’ and-
ylvania,: New' Jersey, Maryland,"
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these possibilities were found to hasne been already exhausted. Wiore-
over, all U.S. power pools east of Chicago were contacted witthout
discovering wny firm summer reserves. The PIM utilities were “then
asked by the-commissions to order 883,000 kilowatts of additional gas
turbine capacity for 1971 availability, but U.S. manufacturiug capac-
ity in this area was found to be already saturated. »

On December 16 and 17, 1969, and on January 8 and 9, 1970, the
PJM pool again ordered 5-percent voltage reductions because of
unscheduled loss of capacity in Peunsylvania aud New Jersey and
the need to avoid a cascading failure by helping other pool. to the
south and west whicl were in even more serious condition.

These situations resulted from a combination of circumstances—a
greater increase in summer peak demands than projeeted and signifi-
cant delays in getting new capacity and new transmission lines in
service, notably the more than 2-year delay in the Oyster Creck
nuclear plant and a delay in the start up of the lIarge Keystone Unit
No. 2 coal-fired unit, which prevented its dependable use to help meet
thie summer loads for which it had been scheduled. :

. The Consolidated Edison system, serving metropolitan New York,
experienced ‘serious power. shortages on several days during July,
August, and September 1969, finding it necessary to reduce voltage
by as much as 8 percent and in several instances to appeal to the public
for a voluntary cutback in its use of clectricity. The situation was
aggravated by an unusual pyramiding of losses of several of its larger
gencrating facilities during peak demands and by the. absence of
strengthened interconnections with neighboring utilities which had
been scheduled for carlier completion.

On several occasions during the summer of 1968, the Chicago,
Detroit, New York, and New England arcas resorted to voltage
reductions as a means of reducing loads because of deficiencies .in
generating capacity needed to supply peak loads on particular days.
The Commonwealth Edison Co:, serving Chicago and northern
Illinois, was particularly short of supply during the summer of 1969
because of the delay in the completion of the new 715 mw. nuclear

unit under construction in the company’s Dresden generating station. .

Arrangements were made. to import power ‘over a wide geographic
area of the Midwest and Central East regions.: Fortunately the absence

of extremely hot weather. during the summer helped. to ‘avert a more

serious situation.:

During the past winter, TVA and many other systems were forced

to reduce voltage on their systems: to meet peak loads. .-

During  this period,: even’ the - highly. controversial 100 mw. unit
owned by Hoosier Energy, Inc., an REA financed ‘cooperative ‘in
Indiana, was; pressed into service to. help avert disaster on the TV
system.' This unit had been under.legal attack from Indians
companies for, 10 years. For many months. it had remained. ¢
down pursuant.to a Federal court injunction. So critical was the necd

however, that on January S, and for several.days following, the unit’

was-operated by mutual agreement of ‘all parties. " ..

_Chairman Nassikas, of the FPC has indicated that 22 major systems

reported summer. reserves in. 1969 of less.than 10 percent: Specifically,

he mentioned: the Southern Co.. system (1.6 percent), which serves.
Alabama, Mississippi; and Georgia; The Cleveland Electric Tlluminat- -

o

%
i
H
i
i
}
[
i



2%

21

ing Co. system (3.1 percent); and the American Electric Power Co.
system (5.1 percent), which serves parts of Virginia, West Virginia,
Ohio, Kentucky, Tennessee, Michigan, and Indiana. The FPC further
reported in November 1969 that 39 out of 181 major systems faced
the winter with less:than 10 percent reserves. ’

PROSPECTS FOR FUTURE SHORTAGES

Forecasts for the immediate future are not a great deal more opti-

mistic. According to Maryland PSC chairman, Williom O. Doub,

utilities nationwide will face the 1970 summer peak load with overall
reserves of 16 percent compared with 32 percent in 1960, and a de-
sirabie level, 20 percent. Doub also has forecast 1971 PJM summer
reserves at 15 percent or less, even if all planned new gas-turbine units
are installed on time. Consolidated Edison Co. of New York plans

- to use ‘“barge-power” for several years to mect summer peaks. Gas--

turbine generators will be mounted ‘on barges and .towed around
Manhattan Island to be plugged in wherever and whenever the need
is greatest. R - o :

Under these minimum reserve conditions, any unanticipated large
scale loss:of generation or transmission at the time of peak load could
result in power failures over a wide geographical area unless load is

quickly-dropped.

‘On the other hand, the Edison Electric Institute is more optimistic.

EEI president, A. H. Aymond, in January 1970 asserted that in: the
summer of 1969 the gross margin of capability over demand was
16.9 percent for the contiguous United States, which is adequate to
assure reliable service. He noted that some regions or areas may have
insufficient reserves when the gross national: reserve is not spread
evenly. However, none of the eight power-supply regions had less than
& 10.7-percent margin. Conceding this to be a git; on the low side, he
expects that for 1970 and 1971 the overall summer margin will be
18.4 percent. This is not.to say, he concluded, that certain systems
in limited areas may not have difficulties in 1970 because of inadequate
reserves. “The reason for this, in 1ost cases, is not that the atilities

did not plan for- the future; but that events or intervention beyond:
their control conspired to-prevent completion of additional capacity

within reasonable time.”
cvoﬁs'rRU‘cTION',f),ELAYs, AS A FACTOR
At present a fossil-fueled powerplant requires 4 years to bulld from
the placing of the contracts and a nuclear-powered .plant requires a
year or so more. . R oo .
Much of the possible shortage-of -electricity will be attributed:to
delays ingetting new. powerplants built' and into routine operation.

The~electric-utilities face a-vast construction program of very:large
* powerplants. with many.possibilities: of ‘delays::Chairman Nassikas of:
the Federal Power Commission-has called attention to:the probability: -

of increasing lead times for.construction: and-therextended:breaking -

_in periods for thelarge units:that will-be used during. the 1970’s anc
1980’s. Even after these are in.regulartoperation, he notes the possi--
bilities of longer times out: of service hecause of maingenance! -7, . -

‘ 1 Hearings before the Senate CoinmeiceaComnﬁttee:?J an. q;11970, p.:37 of prepamﬂfstatemerit.
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A sumwey by the Edison Electric Institute for the Federal Power
Commission of 85 large steam generating plants of 200° megawatts
size or mwer installed during the years 1966 to 1968 indicated that
about tawm-thirds of the total were delayed in being putiinto service.
All four nuclear units scheduled for installation during-ithis period
were debayed for periods of 3,49, 11, and 12 months, respectively. Of -
the 51 fossil fired units which were delayed during the period, only
five extended 6 months beyond scheduled in-service dates and three
of theseavere purposely deferred because of changes in load:requirements.

Equipment component failures and shortage of coustruction labor
were the most frequent causes of delays found in this survey. Late
delivery of major equipment and construction labor strikes were the
next greatest causes. Over 80 percent of ull the delays were attrib-
utable to these four categories. Late delivery of equipment was ex-
pected to be the prime reason for delay during the period 1969-71.
No delays were attributed so far to public opposition to sites for
powerplants because of their. environmental eftfects and only four
delays were caused by regulation. However, the institute cautions
that future delays attributable to environmental problems may well
be more serious and more widespread than at present. Therefore, it is .
imperative to work out a basis for resolving conflicting viewpoints -
about use of land for power and other purposes.

Looking ahead through 1976, the Federal Power Commission expects
138 fossil-fired steam eclectric plants and 64 nuclear units of 300
megawatts capacity and over to come into service. At present, 27
of the fossil-fired units totaling 15,000 megawatts are reported as
delayed, and 27 nuclear units; totaling 21,000 megawatts are also
delayed as of January 30, 1970. Eighty-three fossil-fired units and 37
nuclear units are reported on schedule. However since most of these
units are schéduled for service in later years, FPC thinks it likely that
some of them too will experience delays and fail to meet presently
scheduled service dates.! :

Wilson M. Laird, director of the Office of Oil and Gas, Department
of the Interior, attributes some of the trend toward delay to the head-
long rush to order nuclear powerplants in 1866 and 1967 followed by a
Pprecipitate return to ordering:coal-fired plants in 1969. This, he 'says,
threw the expansion plans of both the codl'and clectric power industries

~inte disarray. “Now both are off schedule; perhaps as much as 2
" years have been lost by the premature commitment to nuclear power,

and it shows in the reduced margin between demand for clectric power
and the capacity to supply it.” o '

.. .DELAYS IN TRANSMISSION FACILITIES -

: B'oth;the.,adequacyahd‘r‘cliability of electric: service,debéﬁds qpofl
the- timely construction of the transmission lines to carry -electricity
from: the powerplants to-the:areas" of:use. With the trend. towards

- fewer but larger: powerplants; the-availability of transmission Call‘)a(‘,ity(

becomes increasingly important: Delaysin- the completion of such lines

necessarily increases-the vulnerability-of am electric:utility both to the
1 Statemont, of John N. Nasstkas, .Chilrman, Foderal:PoweriGommissl on, befora:tho Senate Corimeres

Committtee, Jan: 30, 1870, - e R d

? Wilion M. Lalrd, romarks befora tho Institute ofi Petroleurs=Exploration and Economics, Dallas, Tex.,
Mar.:5;11970. Department-of the Intorlor nows release, Mar:-5, 1@, p. 2. . = - - S
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type of power failure that blacked out much of the eastern United
States in 1965, and to power shortavges;‘Tcmporary power shortages
ean occur when the construction of powerplants and transmission lines
get out of step, -

There are ¢ elays. .

For example, g high-voltage transmission line to connect south-
castert New York with g system in the mid-Atlantic States was first
scheduled for operation.in.i967. It probably will not be available for
service by the summer of 1970 because of difficulties in acquiring
rights-of-ways. Again, a high-voltage transmission line to connect the
Pennsylvania-Noew J ersey-Maryland power pool with New York City,
which might have averted the 1965 blackout, has still to he completed.
Rights-of-way are increasingly difficult to get through densely populated

- areas. Public opposition tg construction of transmission lines, par-

ticularly in the densely Populated East, may prove g greater impedi-
ment to the future supply of electricity than opposition to powerplants
sites. " ,
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E~NERGY FOR THE ELECTRICITY INDUSTRY

In 1970 the Nation’s electrical powerplants are expected to generate
some 1.52 trillion kilowatt hours of cllcctricnl energy. None of this
energy is created within the plants. Rather it must come from ex-
ternal sources and be converted into electricity. Without the energy

from water passing through turbines or from lieat released by burning

coal, oil or gas, or from fissioning nuclear materials, our electric
powerplants would stand idle and useless.

Of principal coucern, therefore, to any review of the electricity
industry is the supply of energy for the power stations. Since by far
the largest part of this input energy presently comes from the fossil
fuels—oil, coal, and gas—the supply and demand for these commod-
ities, their production, the environmental effects of .that production
and corrective measures for those effects, require consideration.

Since the electricity industry must compete with other users of
basic energy resources, an appropriate starting point for this chapter
1s to look at some recent estimates for supply and demand for energy
in the United States. ; :

‘SUPPLY-DEMAND FORECASTS AND THEIR FALLIBILITIES

During the past several decades many observers of supply and de-
mand for energy resources have forecast future trends. In examining
these forecasts, two related points arc worthy of notice. First of all,
there has been a substantin} short-fall in previous careful estimates
and thus current projections may be met with skepticism. The Paley
Commission in its 1952 report’ included a projection of the production
of electricity in 1975. The projection by the'Commission of the extent

to which the several possible sources would then be used is shown here _

in table 3. It maybe noted that the projectetl 1975 total of 1,400 billion

kilowatt-hours had been exceeded by 1968. Generation of electricity

with hydropower was projected at more than 21 percent of the total
in 1975 but in 1968 had declined toless than 17 percent. Fuel.oil and
natural gas were each projected as-supplying about 11 percent of the

total in 1975. For oil, this estimate was very nearly the same per- .

centage it supplied in 1950—it has in fact, according to.recent data
(1968), fallen significantly below that level. In the case of .gas, the
projection involved moderate ‘décline; as compared with 1950, in its

- contribution to the total. To date, that projected:decline has not

taken place; instead, in recent years natural gas has supplied more
than one-fifth of the total énergy resources used to generate electricity;

I “Resources for Frééélom.”, a report to;thvaresident by the P{csidcnt's Mateﬂﬁls Policy Commission,
vol. 111, “The Outlook for Encrgy Resources,” June 1952, . RN B ' :

(24)
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this aspeet of the demand for gas has performed very differently from
what was estimated in 1952." Finally, use of nuelear fuel was not
projected—even in 1968 the table presented above (table 2) does not
estimate its development in that year, but blankets it in with coal as
a miseellaneous resouree.

TABLE 3.—~PRIMARY ENERGY SOURCES AND PRODUCTION OF ELECTRICITY, 1950, AND A POSSIBLE PAYTERN OF
SOURCES AND PRODUCTION, 1975

Consumption of basic Kilowatt-hour production
Source . : energy i billions)
1950 1975 1950 1975
1113 130 191 800
2771 21,600 55 150
393 3300 42 150
) Total thermal production_.- ... .o o 288 1,100
Hydroelectric 101 300
Grand tota! 389 1,400
1 Millions of short tons,
2 Bitlions of cubic teet
3 Millions of barrels. -
4 Mitlions of kilowatts capacity. .
Source: *‘Resources For Freedom,’” President’s Materials Policy Commission (Paley Commission), 1952, val. i1l p.36.

YEAR 2000 ESTIMATES—THEIR RELIABILITY

With that baekground, it is not to be anticipated that projeetions
by the Department of the Interior to the year 2000 which are found
in table 5 arc likely to prove te be more than rough approximations
of what is yet to develop over the next threc deeades. Whereas coal
provided more than half of the resources used to gencrate cleetrieity
111968, it is estimated that coal will contribute only about 30 pereent
of the total in year 2000: The comparative contribution of oil to the
larger supply of eleetrieity in 2000 is estimated at only 5.5 percent,
against 7 pereent in 1968. "Jse of natural gas would decline from its
present-23 pereent of . the total to 4.8 pereent. Hydropower would
deeline eomparatively-to 7 percent from the recent 17 percent of the
total. Nuclear power.as a resource for the generation of eleetricity
would, by that reecent estimate, inerease from a barely significant

factor. of less. than ‘1 pereent of the total in 1968 to the dominant -

position of 52.5 pereent in the year 2000. S
: Now, ‘and as’projected 30 years: henee, - geotherimal sources, and

- direet solar energy are both indieated ss probably of little significance

as & resource in the gencration of electricity. Much the ‘saine may

well be the ease for tidal power, considering the substantial lag
~ time involved. - - ' : PV : '

In ‘any case attempts to project encrgy consumption or require-
ment at future dates are relatively numerous. Because of differing
‘assumptions used, they are not for the most part direetly comparable.
Tables 6-and 7, provide some.information.on a number of projeetions
made from- the time' of ‘the”Paley: Commission . and -prior " to “those
shown in teble 5. - — ) R '
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TABLE 4.—ELECTRIC ENERGY PRODUCTION AND INSTALLED GENERATING CAPACITY, BY CLASS OF OWNERSHIP
AND TYPE OF PRIME MOVER: 1940-58

{Production for calendar years, other data as of Dec. 31. Prior to 1965, excludes Alaska and Hawaii. See also Historical
Statistics, Cofonial Times to 1957, series S 15-35 and S 44-69}

ltem . 1940. 1945 1950 1955 1960 1965 1967 1968t
Production (bil. kw.-h'r) ___________ 180 271 389 629 842 1,158 1,317 1,433
Industrial plants 2 e - 38 49 60 82 88 102 103 106
Electric utilities (for public use) 142 222 329 547 753 1,055 1,214 1,327
Privately ownedd_____ 125 181 267 421 579 809 928 1,018

Percent of utility p

884 8.3 8Ll 76.9  76.8 76.7 76.5 76.8

- Publicly owned 3, 16 42 62 126 175 246 286 308
Municipal_ . 3 10 15 26 . 37 50 58 64 *
Federal._______ 9 28 40 89 112 145 162 171
Cooperatives and other ..~ 7"~ """" 1 3 6 11 26 . 51 66 74
Source of energy (percent):
Coal4_._______ 5.7 471 551  53.6 ° S54.5 5.6 52.5
Oil._ 3.5 10.3 6.8 6.1 6.1 7.4 7.8
: Gas____ 89 135 174 210 2.0 2.8 23.0 P
Hydro_ _.______ 7~ . 359 292 20.7 13,3 184 182 16.7
Per kw. of capacity (kw. 4,440

< 4,776 4,779 4:484 4,489 4,510 4,570
Installed capacity (mil, kw.) 83 131 . 18 55 288 309
Industrial plants2_________ "
Eiectric utilities (for public use)_
Privately owned_________
Percent o‘lj gmlity capacity

e

Publicly owneda,___ __ .~ 14 28 40 59 70

, Municipal________ 7" 4 5 8 11 15 18 19
Federal__________ """ § 7 17 22 32 34 35
Cooperatives and other.___ . """ 777" ®) 1 2 3 6 11 14 16

TYPE OF PRIME MOVER

Electric utilities (for public use):
Number of plants, totale___

| Hydro__ .

’ Steam__.________
Internal combustion_

Production (bil. kw.-hr.)_ . 2 222 5 753 1,055 1,214 1,37 ‘
Hydro (bil. kw.-hr) 47 80 9 113 146 " '194 2 :
- Steam (bil. kw.-hr)____ . 93 - 140 230 430 603 856 988 1,105 -
{ Internal combustion (bil. kw.-h 2 4 '
: Installed capacity (mil. kw.). .. 40 50 69 114 168 236 269 230 ;
] Hydro_. ____ 11 15 18 25 32 5
: Steam______ 28 34 49 87 133 183 7217 1235
: Internal combustion______ 1 .2 2 3 3 4 4 5
! ! Preliminary.. . . )
i 2 Plants of 100 kilowatts and over, including stationary powerplants of railroads,
! 3 Noncentral stations included:only in total prior to 1955; distributed to other publicly owned classes thereafter. By
: 4 Includes small percentage from.wood and waste and also, in past few years, from nuclear fuel. N
¢ * 3 Less than 500,000 kw, - : . i :
N ¢ Each prime mover type in:combination plants counted separately,- . - . . . -
H ? Includes gas turbine cepacny:.:a,oqo,voso kilowatts in 1967 at _140 plant: and G',OOVO,OOO kilowatts in 1968 at 187 plants.
ki . Source: Statistical Abstractof the United Stetes, 1969. U,S. Départment of Commerce, 90th ed, p. 511
“ " TABLE 5.~RESOURCES USED TO GENERATE ELECTRICITY - ;
{" Percentof total .. - * 7' Quantities t i
o "
ol 1968 T 2000 198" 2000 - o . "
i 51,9, 30,2 297 1.000 (millions of tons),. ~ i
70 5,5 187800 (millions of barrels).
i . 23.0 48 3.1 4 (triilions of cubic feef). H
H Nuclear power. .8 52.5 ) . . . ;’
H Hydropower. _.___________ .- - 17.3 7.0 P
. i - - - - — — ‘ : !
' - L Assuming no changes in ksneration technology. . . T SRS N ;
! :-Sonrce: Statement of Mr. Harry: Perry, rasearch adviser to the Assistant Secretary for Mineral Resources before the '
1 “Jaint Committee on Atomic Energy,'Nov. 4, 1969, in "Environmental Effects of Producing Electric Power.’ Hearings before
i the Joint Committee on Atomic Energy, 91st Cong., st sess., 1969, p. 321, - T A :
| f; ;
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TABLE 6.—PROJECTIONS OF DOMESTIC ENERGY CONSUMPTION

Year . Data on—
Source and publication date Popula- Fuel Fuel flec-
1975 1980 2000 tion form function  tricity

Paley (1952)
Putnam $1953) ......
Bureau of Mines (1956).
lnterior-McKinleg (1956).
Teitelbaum (1958)__..

Lamb (1959)__._...
Sporn (1959) __ ______._..._
Schurr and Netschert (1960).
Searl (1960)______.......
Weeks (1960).
Texas Eastern Transmiscion Corp. (1961)
Hubbert (1962)
Atomi: Energy Commission (1962). -
Lasky Study Group (1962).___._.
Landsherg (1963). - oo ) SRR X

><><><|><><><><

>

Source: Energy R. & D. and National Progress prepared for the Interdepartmental energy study by the Energy Study
Group under the direction of Ali Bulent Gambel, 1964, p. 16.

TABLE 7.—U.S. ENERGY AND PETROLEUM REQUIREMENTS FOR 1380t

. oil Gas
Total —

energ Million Triltion
.quad. barrels Percent cubic Percent of
Source . Date Ly, perday total feet total
National Fuels and Energy Study Group 2.__o._..... 1962 82.0 - 16.7 41 2.2 28
Department of Interiof- .- - ovooeean-< . 1965 85.9 12.5 40 25,6 31
Pan American Petroelum Corp2. ... - 1966 87.0 18.6 43 28.0 33
American Gas Association 2___ ... N V- -1 2.2 e
Stanford Research Institute 2. _ - 1967 92.0 18.2 39 27.9 31
The Gas |ndustry Committee___....... X Ty 286 ooo...
First National City Bank of New York2. _.___.__._. 1967 87.2 17.2 38 23.6 28
The Petroleum_[ndustry Research Foundation_____.. 1968 92.0 120 39 2.9 3
Texas Eastern Transmission Corp...oonoev .- 1963 97.8 18.9 41 30.8 33
Humble 0il & Refinipg €. ... i . 1968 97.3 18,2 37 29.8 32
Department of Interior (current survey)............ 1968 88.1 18.2 41 24.6 28

1 Explanation provided by the Department of the Interior included: ‘‘Energy projection claims the attention of many in
government and industry alike. Shown below are extracts from 10 recent studies by various sources giving estimates of
the 1980 requirements of the Ur:ted States for oil, gas, and total energy. Totals arrived at in this survey are shown as the
last item for purposes of comparison. Although not directly comparable because of differing assumptions used, the es-
timates do provide a useful guide to current opinion on the energr outlook.”

*0il and gas consumgt_lon obtained by converting B.t.u. to barrels and cubic feét at the rate of 5,400,000 B.t.u. per barrel
and.1;035 B.t.u. per cubic foot. ' .

Source: "United States Petroleum Through 1980," U.S. Department of the lnterfpr, 1968. p. 5.
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 TABLE 8.—FORECASTS OF TOTAL ENERGY REQUIREMENTS
{Trillions of B.t.u.'s})

Oate of
publi- Base Base
Source document cation years value 1970 1975 1980 1985 2000

1947-65 30,838 64,444 79,611 97,825 119,597

52,350
1966-65 41,453 60,827 79,944 93,374 113,12
50,314
1961 44, 064
. 1960 45,250
, 1947 ° 33,168
1968 1962 47,897
ER e L Dec.  1907-60 . 147600
1962 44,900
OEUS...................... oct. 1950-65 . . ..
1368
USPe oo, July 1965 54,000
: 1968
EMUS_ ... July  1947-65 . 168,60
1968 . 2158, 951
PCCP2.___ ... ... Maly ) 1948-65 155, 000
: 96
3 3 Ocltggte]r 1953 170, 000
TCUSECe. . ... 1968 1960 48,200 .___._ ... 90, 300 174, 000
, (59, 700) (213, 000)

1 Hydro accounted for at kw.-hr. energy equivalent.

3 Excludes nonfuel uses. -

3 Consensus of 11 forecasts. .
4 Minimum, i . 5

5 Converting their 17,000 million barrels of oil uivalent to B_t.u. 5,800,000 B.t.u. per barrel.
¢ GNP growth rate at 3.5 percent per year and (4.0 percent per year.

Source: “Review and Comparison of Selected United States Energy Forécasts,” Op. cit, p. 12,

In March 1970, the Office of Science and Technology, of the Ex-
ecutive Office of the President released a report prepared for the
Energy Policy Steff of OST by the Battelle Memorial Insitute.! Its
primary purpose was to analyze the adequacy of existing, published
energy forecasts for public policy purposes. The essence of ninetcen
recent. energy forecasts published by private organizations, govern-
ment agencies and individuals was co lected and studied. . Perhaps not
unexpected-in view of the differences in terminology, coverage ‘and
assumptions, significant deficiencies - for policy planning purposes
were found in the existing forocasts studied. In particular; most of
the forecasts were prepared prior-to the recent concern with environ-

mental quality and hence do not reflect the possible effects of develop-

ing environmental policies on energy supply and demand.
The Study Group examined the following ‘19 forecasts:

NF&ES._______ R?ort of the National Fuels and Energy Study 'Group -on
- Assess

ment: of . Available 'Information on Energy in the
United States, Committee on ‘Interior- and Insular Affairs,
U.S. Senate, September 1962. :

" ERDNP.__.___ Energy R. & . D. and.National Progrésé Int‘;erde’pairt;,mental

- Energy Stu%y .Encrgy Study 'Group, Ali Bulent Cambel,
C . June 1964 (T S Government Printing Office). e
USP..__.__._:_ United States Petroléum Through-1980, U.S: Department of

the Interior, Office of Qil and ‘Gas, July 1968.

FGNP _________ ‘Forecast: of Growth of Nuclear Power, WASH-1084, US

Atomic Encrgy Comimission, Division of Operations Analysis/
.and Forecasting, 1967.. R Tt k

144 Review and domparison of Selected United States Enérgy Forecdsts," by Pdciﬂé Nbrthwest tho- !
ratorles of Battelle Memorinl_Instltute,,Decembgr 1969, Washington, D.C., U.S. Qoverpment Printing”

Office, 1970, 79 pages.
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PEC.._.______. Patterns of Energy Consumption in the United States,
William A. Vogely, Division of Economie Analysis, Burean
of Mines, U.S. Department of the Interior, 1962.

GUPIP_______._ Gas Utility and Pipeline Industry Projections, 1968-72, 1975,
1986, and 1985, Department of Statistics, American Gas
Association. : )

FNGR.___..___ Future Natural - Gas Requirements of the United States,

Future Requirenients Ageney, Denver Research Institute,
University of Denver, vol. 2, June 1967 (under the auspices
of the Gas Industry Committee).

CGAEM _______ Competition and Growth in American Energy Markets,
1947-85, Texas Eastern Transmission Corp., 1968.

NPS.___ _..._. National Power Survey, Federal Power Comnmission, 1964,
U.S. Government Printing Office. .

ER ... _____ Energy Resources, a report to the Committee on Natural

Resources, M. XK. Hubbert, National Academy of Sciences,
Publication 1000-D, National Research Council, 1962.

BUS_ ____._.__. Energy in the United States, 1960-85; Michael C. Cook,
Sartorius & Co., September 1967. o

RA¥_____ ____ Resources in America’s Future, Landsberg, Fiscliman, & Fisher,

4 Resources for the Future, Inc., John Hopkins Press, 1963.

TCUSEC.__.__.. Teehnological Change and United States Energy Consumption,

1939-54, - Alan M. Btrout (unpublished thesis) (energy pro-
jection portion of the thesis). University of Chicago.

EMUS_____.._. An Energy Model for the United States Featuring Energy
Balances for the Yecars 1947-65 and Projections and Fore-
casts to the years 1980 and 2040, Bureau of Mines, IC 8384,
July 1968, U.S. Department of the Interior.

OEUS.._. ___ Outlook for Energy in the United States, Energy Division,
"The Chase Manhattan Bank, N.A,, October 1968.

ESDNR.._._.____ Economic Strategy for Developing Nuelear Reactors, Paul W.
MacAvoy, Massachusetts Institute of Technology Press,
1969. i

FFF_____ eeoe- Fossil Fuels in the Future, Office of Operations Analysis and

Forecasting, U.S. Atomic Energy Commission, Milton F.
 Secarl, 1960. ) i
PCCP.___.____ rrojections of the Consumption of Commodities Producible
on the Public Lands of the United States 1980-2000, pre-
pared for the Public. Land Law Review Commission, Robert
R. Nathan Associates, Inc., Washington D.C., May 1968.
CNP___.__.____ Civilian Nuclear Power—A Report to the President, U.S.
Atomic Encrgy Commission—1962. (and 1967 supplement).

As pointed out in the foreword of that study, the formulation of
energy policy inevitably depends upon expectations regarding energy
supply.and demand. Yet in regard to forecasts of total energy require-
ments, or probable requirements for electric power generation or fuel

~needed for such generation, the range of estimates for a particular

yem'kilu the future, say 1980, 1s rather wide, as may be noted from tables-
8 and 9. T C - T D ‘
* TABLE 9.—~FORECASTS OF U.S. ELECTRIC UTILITIES FUEL REQUIREMENTS

[Trillions of B.t.u.'s)

1970 ¢ © 1975 . . 1980 1985 2000

Source: Ibid., p. 26.
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UTILITY ELECTRIC POWER GENERATION 1
- [Billions of kilowatt hours)

1970 1975 1980 1985 1990 2000

* Qoes not include industrial self generation. NPS estimates this at 127 in 1980 for total generation of 2,820,
Source: thid., p. 26. . .

FOSSIL FUELS FOR THE ELECTRICITY INDUSTRY

According to the most recent information from the Federal Power
Commission,’ the three principal fuels used in . the production  of
steam-clectric power, -are coal, natural gas, and residual fuel oil.
Coal is the prime fuel in many parts of the Nation. More and more

western coal is burned each year from “Arizona and New Mexico *

northward to North Dakota “and Montana. Imported waterborne
residual fuel oil is becoming an increasingly important fuel along the
Atlantic coast from Maine to Florida. In 1968 the use of oil in this
coastal area increased quite substantially. Both natural gas and resid-
ual fuel oil are burned by the Pacific coast plants. Natural gas is the
prime fuel in.the southwestern: and south central producing areas.
It is burned™s a supplemental fuel when available at many of the
plants near 6#,0n the route of the large, natural gas pipelinos through-
out most of the Nation. It is usually available during the sumnyer
months when there is little or no home heating load on the pipelines.

During the decade prior to 1967, approximately 66 percent of the
total annual fossil-fueled steam-electric power generation was by coal,
about. 26 percent, hy natural gas, and the remaining 8 percent . by

residual oil. In 1967 coal-fired genvration decreased to 64 percent of -

the total, natural gas-fired generation ‘was 27. percent, sad- oil-fired

generation was 9 percent. In 1968. the ratios were 61 percent, 29 -

percent, and 10 percent, respectively. =~ . .
The weighted “average fossil fuel costs, . “as ‘burned,” for electric

utility steam-electric generation for 1960 through 1968. are shown in

table 10. -’ . o . o
Fossil fuels burned annually for electric power production by elec-

tric utilities in the 48 contiguous States from 1960 through 1968 is

given in table 11, o R :

TABLE 10.~WEIGHTED AVERAGE FOSSIL FUEL COSTS FOR ELECTRICITY GENERATION, 1960-68
‘ [Cents per million B.t.u. (as burned)]

1960 1961 1%2 1962 1964 - 195 1965 1967 1968

2.0 258 255 250 24.5 2 4 7 252 25,5
123.8 -°25,1 - 26,47 255 - 25.4 25 0. 250247 25,1
45354 345 335 327 33 1 32,4, 32,2 32.8
262 2.7 - 265 258 253 .25 2254 257 26.1

1 Revised (1965). . . . N L R ) .
. Source: U.S. Federal Power Commission. *'Steam-lectric plant construction cost and annual production expenses.”” op,’

cit., p. xvi,

1 U.S. Federal Power ‘C'ommiss‘lon. “Steam-Elcctric Plant Construction Cost and Annual Production
Expenses: Twenty-first Annugl Supplement—1968.% FpG report No. S-199, pp. xvi-xvil, R
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TABLE 11.—~CONSUMPTION OF FOSSIL FUELS, 1960-68

: Total, million
. Coal, million Gas, billion  Gil, million tons coal
Year . : tons  cubic feet barrels  equivalent
176.6 1,724.5 85,3 266. 4
182.1 1,825.1 85.7 276.4
193.2 1,966.0 85.3 2936
1.2 2,142.9 89.3 320.3
225.3 2,321.3 96.7 -344.4
244.9 2,316.2 110.5 367.4
. 266.4 2,608.8 140.9 418.7
12741 12,7419 150.0 1437.0
2296.8 23,138.3--. 21821 2484.3
! Revised.
2 Preliminary.

Source: U.S. Federal Power Commission. *“‘Steam-electric plant construction cost and annual production expenses.’
Twenty-first annual supplement—1968. 1970, p. xvii.

Total fuel consumptnon in 1968 was approtmmtely 10 pcrc
greater than in 1967.

Coal is inherently the most efficient of the three fossil-fucls used
for power production purposes. A good grade of coal properly fired

i a well-maintained boiler will produce more useful heat energy than -

an equivelent amount of natural gas or fuel oil. This is because coal
contains ]css hydrogen than natural gas or oil. In the combustion
process, iiie hydrogen in the fuel is converted to water and the latent
heat of the water vapor resuliing from the burning of the hydrogen
is lost as useful work. l‘hcrcforc, there are two valres for a given
fuel, the higher heating value (HHV) which includes the energy in
the hydrogel and the lower heating value (LHV) which excludes
this energy. Gcneral]y speaking fuel prices are compared on a B.t.u.
contyn? basis using higher heating values. The higher heating values
of fossil fuels are thie U.S. standard in determining thermal efficiency
or heat rate in the production of steam-clectric power.

THE COMPETITIVE SITUATION OF FOSSIL AND NUCLEAR FUELS—BY
- REGION . - ; -

]

The follox\'mg gmcral app1 aisal by. the Federal Power Comnussmnu o

of the competitive positions of nuclear and fossil fuels by principal

regions of the ‘United States :was prescntcd to.the Joint Commxttee :

on Atomic Energy in November 1969

New England and Middle Atlantic S’ta/tes‘—leth thc cxccptlon of ‘

central and western Pennsylvania, where low-cost coal is. abundantly
available, the New: England and Middle Atlantic States do not-have

-access to-low-priced coal. The competltxvc fuels in these aieas are the
imported low-sulfur-residual - oils m locat,lons with . deepwatcr port

fac1]1tlcs, aund nuclear, fuels. ,
East North Central States. —In these Statcs coal has a marglna‘ ad-
vautaoc over nuciear fuel. Most of the coal in this ares, however, has

o very: mgh sulfur content and'is not a competitor )vhere air pollution

1cgu]atlons restrict the émissions of sulfur oxides.

. West : North - Central -States—~Both coal and" natural gas compete‘
g eﬁ'r’ctlvdy thloughout muost of* this: area, in’part because of the rela-

tively. small: averagc size of units which are- reqmr@d to, accommodate

.1 Testimony of F. Stewnrt Bro“n chcml Powcr Commlssion In "E1vironmcntal Eﬂ'ects oI Produclng

‘ 1’7m5v80r - IIcurlngs bcroro the J olnt Committeo on Atomic EnergY. 91st Cong., 1st sess., 1969, pt. 1, pp.
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the incremental energy demand in the region. Gas is expected to re-
main the dominant fuel in Kansas, and very low-cost, low-sulfur
lignite will predominate in N orth:Dakota. In Missouri, high-sufiur
coal has a significant advartage over nuclear fuel. The effectiveness
of this price advantage can be expected to be diminished by air
pollution contrdl regulations. R o "
South-Atlantic States.—Although coal accounts for about 80 percent
. of the thermal generation . (the use of residual fuel oil is significant
only in Florida) its competitive position . vis-a-vis nuclear fuel is
weak except for West,Virginia, which is the leading coal-producing
State in-the Nation. In’this State coal will continue to be the principal
fuel for electric power generation. ‘ '
East South Central States.—Low-cost coal will continue to be highly

competitive with nuclear fuel in Alabama, Kentucky, and Tennessce.

Natural gas will prevail in Mississippi. :

. West South Central States.—Practically all the thermal electric power-
in this area is generated with natural gas. This region, including its off-

shore areas, is the origin of 80 percent of the Nation’s cerrent consump-

tion of natural gas. Gas will continue to be ‘the. principal source of

primary energy for electric. power generation in the foreseeable future.

- Mountain - States—The Mountain -States ‘are well endowed with -
- low=cost, low-sulfur coal and' this-fuel will remain: the dominant fuel

in the clectric utility market. of- the ‘area. In addition, significant
. quantities of natural gas will continue to be used in Arizona, Nevada,
~and New Mevwier, . 0 S T ,f \
Pacific St..es.—Although plans are underway for theuse of coal for.
~electric power generation in this region, to .date,- more’ than four-fifths
of therinal electric generation is produced- with natural gas, and the
remaitider with residual fuel oil. The cost, of fossil fuels in the Pacific
-States, however, is.generally -high; and nuclear fuels'should. be able to
~-compete effectively  in . the area, assuming that. suitable sités for
~nuclear generation can be establishad: L SREEI

In summary, it appears  to “the. Federal Power Commission ‘that

nuclear genération will be competitive with other fuels during the next

two decades in the New England States; in the Middle Atlantic Statos

except- Penusylvinia; throughout most of..the South Atlantic’ States
except for West Virginia; in parts of East Central States as they are
subjected to more - stringent ey ulations on the emission of sulfur
oxides; and in all of the Pacific Coast States. . P '

k | . coAL 1'«?'0R","ELEC’I‘RIC‘I"I"Y : .
he United ‘States is well enidowed with coal resources. Coal is

-extensively..used”in  power generation, accounting . for. more . than 60-

-percent of present thermal: electric energy;pro'ducvt_ion.'Dﬁu‘ring.'muﬁh-

<. of the 1950’s and the first half of the 1960’s, Jlabor ' productivity and

- the” technology .of 'mining’ and’, transportation " advanced ‘rapidly,.
resulting in o ge lining delivered price. of coal to ultimate consumers.
In the past several years,: however, a.number of develo ments have
tended to exert upward pressure on: the price of coal. Among’ these
developments have been'the general inflationary. trends affecting. the

cost of labor and materials; laws requiring: the restoration of mined ‘

lands; the need to’ prevent acid,_mlne-water"dminage‘in‘tyo “rivers,
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lakes, and groundwater reservoir; air pollution regulations limiting
the sulfur content of the coul used; and more strmgent health and
safety regulations for the operation of coal mines.

Adequacy of coal resources

- If the projections:shown in table 5 are approximately correct, de-
‘mands on coal resources for generation of electricity would be increased
from about 300 million tons per year at present to about 1 billion tons
in the year 2060 A.D.. It should first of all be noted as regards these
materials that there is no-near-termn "U.S. shortage of resources in

- nature. Coal is, so to speak, along with atomic power, our probable
acein the hole for the next several centuries. Total U.S. coal production

in 1968 was 556,044,000 tons, very nenrlfrthe same as the 560,388,000
tons of 1950. In very large part this production was of the bituminous
type, though small amounts of lignite and anthracite were included.
About half of the 1967 total was used in generating electricity. An
unofficial estimate indicated that about 310 million tons of coal were
used by the utilities in 1969.) If by the year 2000, U.S. production
possibly should be increased. to 2 billion tons per year, with half of

- that total supplying the 1-billion-ton demand projected for generation
of electricity (table 5), coal resources in the ground-appear to be fully.

adequate for many decades. Capital, labor, and technaeicgy for economic

removal of coal from.its geologic formation appear more likely to -
-constitute possible bottlenecks than the availability of the raw resource

itself. = - ‘

Parenthetically, it has been noted by Hﬁbbéi't % that although ‘coal

has been mined for about 800 years, one-half of the coal produced
during that period has been-mined during the last 31 years. For the
~world, he finds that during a period from World War IT to the present
there has been a growth rate.of 3.6 percent, with a doubling period of
The Geological Swroey estimate of 1967 R

- It is:true that coal resources are very largely ‘underground and.
‘attempts are made from time to time at estimation, reevaluation and
. redefinition. The latest-major official attempt was published in 1969.2

In brief, it estimated coal resources of the United States at a total of:

3,210 billion tons, of which about half may be considered recoverable.
About half of the total was determnined from mapping and exploration . .

at depths of 0 to 3,000 feet of overburden (table 12):

-1 4The Journal of Commerce’’ (New York), Mar, 18, 1970, p, 10, . :
. 2 8ee M. King Hubbert, '"Energy Resources,” ch, 8 in “Resources and Man~a Study and Recommen-
‘dations,”” Committee on Resources and Mamn, National Academy of Sciences—Natlonal Research Council,
. W, IL, Freemsn & Co,, San Francisco, 1969, p, 166, ... ' . s
3 ““Coal Resources of the United States; Jan. 1, 1967,” Geological Survey Bulletin 1275, GPO, Washing-

 _ton, D.C., 1969, 116 pages.

g s S

o T T




"E1-21°dd 12 *do ‘(961 ‘T “wer ‘sajei PajLuy) ayj J0 SaduN0say [e03,, 123IN0S
“epeAd) pue '1ddississiy ‘euRISINGY ‘OUED] ‘RILIOf(RY §
. ‘epeaaN pue ‘eyselqay ‘oyep| ‘efuiojye] ‘euozyry g

{1 sayaut g wewy ssa Afjesaual spaq ) sy J0 s3dIN0SaX [jewS

o (1561 *sauleg ass
vu:_._u;__mE__m_.:;_vmnvos32vu>u__unv_uchm>_xu=_hmmoE___E_oE

_a_:w 10 S321N0S24 j{ewS ¢
3

) .m_.n._sm\aom_.»__mo_Eo:wuo aq 0}

"leod Iapun

-'OUep| pue ‘ejuioped ‘quozyy . .

“(vy61) A3jusy 1apy -

L

12103 "0 *(eWouEPY0) IAquINy ° “A°f ‘(siouygy
"0 "4 '(u03310) uosely 'S "y ‘(3assauua)) Jayini ‘13
<Jy) A3jey "y °g ‘(A43njuay) punj3uz *7 -y ‘(eweqely) uospaging °9 *M ‘(loyeq yuoy pue oyQ)
elg "y Y ‘(BuiwoAy pue eidsin) I ‘ikieg 1K ‘(uojduiysep) uew :

‘saje}s Juiurewar @
) uowis “y 1 ‘(yein

1 S)ludy JO uonanp

4198 ‘W H AQ sajeumsI .

pue 1jjews g,

U3 10) Jouine auyy pue ‘(eueipul)
‘Nealejd simolediey) nosiagagd
“*(emo|"pue opeso]o)) sipue Y -3 ‘(sesuey -

090°012'¢ S01°L€€ 656 °2(8°2 080‘EIE‘T . GLB'6SS‘T 696°21 199 LYy 012‘82y =~ 6¥0 L9
12L's . 0", 120§ 000'1 leg'y . 0 9 s < 150'h 2 BI9s -
01L°SyS______ 000°001— 014 °Gvp 000 '52¢ 017021 0 @ - 110 ‘801 66921
TTTYENTEOT T 0 ¥E0 ‘201 Ve 'Z01 - 0 , 0 0, ¥€0 z01 -
£81°16 0001 €81-9¢ €81°9 . g {11 P61t 1981 -
SYI'El 001, S¥0 €l 5001 GEE 0 .0 01’6
052 S11 000 ‘SE 052 ‘08 05Z°2¢e - 0 [ .. 061 001 z¢ : 3
92692 0 926 '92 .926'21 0 8/8°9 0 809 IS S L |
%9y 0 259y 2692 0 -0 0 - 289 - TTTTTTeteraassanua)
1€0°¢ 0 160°¢ 1602 0 . 102 . [ B 0 - s TTITejoeq yinog i
059 ‘6L 0 059 °6L 059°69 L1121 0 S0 T eEstg T elueAAstiuad
2Ly, 0 . 44 ZEE - 0 w s 82 - . 8 ___o.TTTtuedalg - )
66Z°¢E 00001 662°€2. 662°¢ 0 &) 0 " oB62'E-. ewoyeyg .
v98 'ty -0 ¥98 ‘e Y98 '1¢ .0 o 0 ¥98 1% N )
589 ‘0gS 0 089 ‘0€S 089 ‘0s¢ 0 . 089 ‘0s¢ 0 ) 0. - - - 21032(] UGN
0ET, S 0€1, o011, 2.0 0 0 oIl - “euljoie] yioy
6Ly 601 . 00012 64y '88 6Lv 19 12 0 S1L0§ . 09 ‘01 J0IX3N May
10£ '8¢ 0 10£°8L¢ 1oL 122 -0 625 ‘18 LB'IET 662°2 euejuopy
6SE ‘€2 0 [ 65¢ 'eZ 0 -0 o0 R 6SE ‘€2 . 11n0ssIiy
0L, 0 s0L; . s02-, 0. 0 0 '502 ue iy
26l 0 as’l e’y S0 - 0 -0 ER740 pughiep ¥
256 °L11 0 266 11 256 59 -0 m .0 25659 - ; N Aanjuay C .
98922 0 : 98922 989 '81 0. O 0 - 989'81 sesuey . )
616 02 0 615 '02 615’9 0 0 -0 R LT
6LL°96 0 6£L'95 6LL'vE 0: .0 0 T BLLE N - T Teueipuy
95L°6€2 0 96/ '6€C 9GL'6€1 0 0 0 ) 95/ ‘6€1 stoutfj] i
8, 0 8L, 81, 0 0 0. B TR oI Tudioag
SIL LE - . Goo'skl - - S1L°922- SIL 08 8L S0 . 8KE'81 6829 | ’ T ~TTTTropelojo - - -
0 9. 0 0zy'9 14 4 14 . m € -0 e 088] sesueyly ‘
680 592 0005 680 092 680 '0E1 )) - D $L9°011 SIy’'61 CoUegsely e - .
8EG '6E 000°9 BESEE 8ESE] 0 -0 - -0 . 8IS ‘€1 Bweqely
+ U3PINQIAN0 jsuiseq - punoid peate patojd  {ejoy . aoergue apud " |eodsnomw - jeoa - aaes
124 048~ |eamyanns ayul _-xaun pue - ~Nuas pue -Miqqng " snouywnpng .
‘punosd ayy Jadaap u) saamnosat Bu) -paddewun vy + dPRIYUY B . : T
u) $331n0s2J $321n0saj ~Ulewal jejo] $32IN0Sal , . : - Lo B
Bujutewsas pajewsisa pajewnsy |euoilippa — - — - - —— — K
ey - ‘$a143 J00) c ‘Pajewysy (1 3qey woup) uofjesoldxa pue 3uiddew Aq paujwidjap $321n0say - .
pajewnsy 000°9-000°¢ - - - —— - —
uapinqaag 3L 3 000°€-0 uapInqaag '

[32141 ajow 10 133} 5 ‘a)udY pue feca snowywnpggRs |

10 5paq pue 31y} dtow J0 SAYIU) y[ deIyjue Pue [20d

(961 ' "NVF ‘SILVLS GILINN FHL 40 SIO¥N0SIY V00 ONINIVWIY GILVWILST T¥L01—21 T18vL

Uq J0 SPa 53pN[aU[ "ajqe1aA0Ia) Pelapisuod ag Kew YA 4o Jfey Jnoge ‘puncid ayy ___.u.

051 10} ale saIndly

A 1 e bt W i s

] R

IC

Aruitea



O

ERIC

Aruitoxt provided by Eic:

35

Recoverable coal resources’

» There are questions of what is and what is not minable at a given
stage of technology and cconomies. Quantities probably ultimately
recoverable in the United States at unspecified price levels have been
estimated roughly in the neighborhood of 800 billion tons. Or, to take
a more conservative approach: C

* % % A rceent estimate of the Department of the Interior of 220 billion tons
minable at or below present costs works out-to over 400 years' supply at present
rates of production, and more than 100 times présent annual produetion of energy
from all sources. Even if these figures arc adjusted for future increases in energy
demand, the estimated quantities would last:far into the future. * * * 1

Geographic location .

But if the total coal resource is fully adequate for the present and
for decades in the future, the geographical distribution is significantly
unbalanced as may be noted in table 12, figure 2; and especially in
figure 3. The principal highly developed coalficlds at present are in
three regions—the northern Appalachians; centering on Pennsylvania
and the northern part of the West Virginia, s southern field mostly
found in West Virginia and Virginia and a north-central field centering
on Kentucky and Illiinois (table 13): Though these arcas now are and
will eontinue to-be much involved in production and the accompanying
opportunitics and problems which are associated with removal of coal
resources from the carth, other large reserves in-the Rocky Mountain
region and.the northern Great Plains also are likely to be increasingly
involved. - o ‘ , o
: * TABLE 13.—COAL—PRODUCTION, BY STATES: 1941 TO 1967

 (in thousands of short tons. Includes coal.consumed at mines}

-
1941-45, . 1946-50, 1951-55, Y4ER-60, -1961-65, .
State average - average . average rawevage . average 1960 - - . 1965 1967
cTotal e 636,037 595,972 -./496,725 -4&XZ88 . 473,559 ' 434,329 " 526,954 564,882
Anthracite (Pa.)............ 59,195° 52,323 733,808 2Z2:975 16,931 - 18,817 14, 866 12,256+ -

. Bituminous and lignite_______ 576,842 * 543,649 462,827 - -A;313 - 456,628 415,512 512,088 552,626

. Alabama_____..... .. 12,783 16,278 © 12,176 . '3Z413 © 13,484 - 13,011 - 14,832 15, 486

Colorado. - 7,830 5,360~ 3,554 “.H394 3,978 3,607 - - 4, 5,439

{Hinois_._ 68, 442 60,034 . 46,781  46j890. . 51,795 45,977 58,483 65,133

Indiana__. 25,216 .. 21,500. - 16,232 . : 1559 .- 15,311 15,538 . 15,565 18,772

Kentucky 64,020 74,791 66,426 - -€97B8 75,621 66,847 85,766 100,294
Missouri_ . 3,947 3,720 2,873 . 2998 . 3,165 5 3 X

Ohioooeomee- 32,190 ° 35,458 - 35,847 .IxF9, - 35968 33,957 39,390 46, 014

Pennsylvania__..... 138,876 " 120, 441 89,680 74, &/ 71,261 65,425 - 80,308 79,412

Tennessee , y 5,923 7,185 6, 010 5,931 , 865 6,832

Utah.__. 6,012 6,613 02 5,842 , 706 4,955 4,992 4,175

virginia...._...- 19,121 17,1 20;:399- 287400 . ,209 - . 27,83 34, 053 36,721

* West Virginia____ 154,335 151,153 - 138&;858 - 134,167 - 130,948 "/118,944 149,191 153,749
Wyoming...... . 8,664 . -'6,8 £:104 2,080 ,917 , 3 N

Other States_______.__.." 23,222 - 18,702 . 13,3349 97247 © 10,255 8,568. . 12,029 13,315

: _lgggurceésgepartment of the Interior, Bureau of Mines;IMinerals: Yearbook, Statistical Abstract of the United States,
' p‘ . ‘.' ,. ’ : L . - . Ce . N . ) .

o

. 1408, Energy Policies‘—an Agenda for ‘Research,” Resources for the Future, Johns ﬁopkins Press,
Baltimore, 1968, p; 71 P R - . :

[0

i
v
]
i

AR i re el 4 4 5 it TR e e i 28 3




36

¢ d 312 “do ﬁwm._h q iwamwﬁ..@&m.m PAAUN 3y3 jo savunosayf muoO,;"ou.E;ow :
. R ik e il —— AU

© . (eed wRoupnq xw-iﬂi s
AeRUNS s aeay
P NOUYNYIAX3
[ = A S

[3
A

saeg panupn) snoutuLIxIuod a1y jo w.ﬁ~vm ~.&.Oﬂr.~

¢ Tunoig




M

37
FiGure 3

Remaining coal resources of the United States as determined by mapping and explora-
tion, January 1, 1967, by States, according to'tonnage and heat value
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Source: “Coal Resources of thg United States, January 1, 19677, op. cit., page 20. ]
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STRIP MINING OF COAL

. In 1965 about 171,179,751 tons;bf.«eoal‘\vem.%produeed by “strip-
ping,” a form of miningswhich. consists of:remmoving the overburden

.80 -as to expose the coal horizon or:vein to:remewal by comparatively

easy - mechanical ' teehniques (table 14). The 12,256,000 tons of

Pennsylvania anghraeite - coal produced. in 1967, and valued at

$96,160,000 is estimated .to be only slightly  involved in fucling
electricity -generatiori and “will not ~here be-.diseussed separately.
Bituminous and lignite coals,  of. which 552,626,000 tons valued at
$2,5655,377,000 were mined in 1967, -are direetly-involved. Morcover,
these types provide very substantial:reserves wihich, ‘beeause of their
quality and comparatively easy availability, aze presumed likely -to
%)rovide an.increasing fraetion of the larger temnage neceded in the
uture. R . . -

In 1963, 6,305 “cstablishments” were engaged in:;production .of
these coals, down from 6,940 in 1958 and; 6,865 cstablishments in
1954, In 468, the number of such mines thad deelined to 5,327 :in

“which an:average of about:131,000 men wotked, producing 545,245,000

tons valued at $2,546,3405000.) = o . EXET
‘Of the total productionwof slightly less than 550,000,000 tons of USS.

- bituminous: and lignite coals mined in' 1968 185,836,000 tons . were -

mined by 492 strip mines.2 But, informationdis: not .at hand asste

how much:¢oal. produced by stripping, as. distinguished ‘from . coals -
produced ‘by underground operation, - were -used “for-.generation: of

electricity: . SURR ‘ T
Statisticscat hand (table 15) indicate that less:than one-fourth:of

- U.S. coal:mines are strip mines and:that 46 percent of the strip mines

gre small:amd -produced . less:than-25;000 tons im 1965, whereas about,

127 of the:fargest mines ‘each produced 250,000 @r ‘more tons in that

year.. . ,
' TABLE 14:—PEDDUCTION OF COAL 1:BY. STRIPEENGHN THE:UNITEISITRTES IN 1965, BY STATE
State o Stottns| . State o - Shorttons - -
" Alabama__.___ ... 4808844 |'North Dakota 2,730,594
Alaska.___ . .- . 893,182 (‘Ohio___ . _.___ 26,634,829
Arkansas 151,593, Oklahoma. __ .964, 061
Colorado 1,270, 129; ‘Pennsylvania. 29,706, 420
tlinois 32,669, 5831 South:Dakota. - 10, 000
Indiana 13,210, 102 :fTennessee_ .~ 2,066,777
lowa. -5 846, 758:| Virginia._____ 3, 080, 742
. Kansas_ - ,1,309, 744 1Washingtan "1 R 2, 658
Kentucky. . = 30,142, 599°|'West Virginia. __ . --- 10,462, 246
Maryland_ "+ 736, 841 - Wyoming... ..o TTTITT O 3135 958
Missouri_._ 3,538,042 ... k C—
Montana_____ 300,459 | - Total. ..ol . 171,179, 751
2,777;593 )5 ool R B ,
" Tincludes anthracite, bituminous coal an‘dilignite.‘ R Lo I

Source: “Surface Mining and Our Enilironment", us. Depamﬁe‘nt of the interior, ‘1967, p. 115

! Minerals Yearbook 1968, vols. l-ll‘,‘Waslilington, D.C.,, 1969, p. 301. ..
. 2Ibid,, pp. 344-345, ; Y B .

o
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- Strip-mining techmology . ,
The.yearbook desembes-the technology for: stwip mining-in 1967 as

‘railway . systenvibegy

. 1 Op.cit., p. 333,

40

)

follows:

Emphasis in surface "mining continued to be on largmenpacity carth-moving

cquipment. While nio new marks were set in the:maximummsize of shovels.used in
overburden removal, they ipper -limit in sizes. of draglines:used for this purpose
continued to rise..:A E30zubic-yard dragline -of U.Si.mmmnufacture was-jplaced
in operation in Australia,surpassing the previous: imit @£ 85 cubie yvards, The
beginning of construction on a.145-¢ubic-yard model indmdiana fgnd a 220~cubie-
yard:model in:Ohio portends new reeords in the capacityof cathmoving: ‘equip-
ment. . The new. 220—cubiiic-yardfdraglinc,v with a 385 enttwommnd a total: weight
of 27:million’ pounds, fs-scheduled forrcompletiomiin J9Bs: Fenown as-the ‘‘Big
Muskie,” this bchemot: wii) remove 325 tonsoff @wertimrden:iin: one pass..Builg
as.a. part of 1840 nifligayexpansion progmm;,:ﬁheﬁhové&will‘puncovcr:coﬂl’ithat
will the transperte Ry

p:ﬁm:;1,‘500~ton—capacity'rtmine&:-.‘s' Himg over an-¢leetrie
emidfic mine ‘and an demﬁnib*pmmgencrating ‘plant. Al-
though. no codlﬁhmuﬂinmméksmrgcr than thcik‘?:@il)‘-tom-cagméity unit. announced
in 1965 were l)tl:ﬁl‘t"‘ﬁr.mm,}halxlagc units. inthe “100-:4o -mo-tonecapacit,\;.:rangc

are being scl¢eted: ormeww:surface - mines and toureplacessmaller. sized haulage-
units at existing-minesit . : :

- Strip mining will increase

It would appear-toibea safe assumption thatidfimsesoficoal resources
in generation of clectricity is to be ‘increased by u factor of 4:iby
year 2000, a very substuntial part of the dem andisurely:will be suppilied.

by the stripping method . of mining. It .iss probablonithat. coal :fields

-involved will in somexd
foresce; with a rapidl
dustrial centers. ma e involved. Also transportation of “coal by
pipeline may. prove-feasible :and - long- distancertmmmsmission” of elec-
tricity almost certaini; (% . In spite:d itheseruncertainties,

egree shift in waysswiiigh:aremot now easy to

yawill be involved. Iy :
one can reasonably=anticipate. increased futurcsemmphasison -the now
largely underdeveloped: coal resources of. the swestern: ‘half of the
United States, espectully-those of .the Rocky Mountain area and the
lignite deposits of ithe: Northern Plains and- ewen:.more particularly
those-suited. to stri’pj:miiiing.(trpblellﬁ)..,.w »

Adeguacy of production R o _
“Though~coal‘resources-are so abuiidiiit that.coal:as a'Taw material

is not likely to cause ‘ally energy. gap which may develop by year
2000, problems nevertheless may -arise In-production of the much

larger amounts swhich: apparently are to be needed.

@rowing 'p‘opulntio11‘,:1:1‘&5;\:;1;_1(;1)11]tLt;ion‘vnnd dns
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TABLE 16, —ESTIMATED GRIGINAL RESOURCES OF STRIPPIN‘GkCOAL IN THE UNITED STATES:IN BIESEGENERALLY
‘ LESS THAN 100 FEET BELOW THE SURFACE

[Figures are for resources in the ground, of which about 80 percent may be;conﬂdﬁn&ﬂmﬁﬁ‘%ﬁi

Miltions of . Hillions.of
-State . ) sharttonsi | State sthort tons

50, 000

263 | Pennsylvania.
1,200 | South Dakota_’

600 | Virginia._ ..
6,000 | Washington__ . .. :
100 | West Virginia_ ~ 6,000
1,000 Wyoming. .o .o ..o . .. 10,000

1,000 Total. oo 739,989

3 Qverburden 0-150 ft. ’
Sousrce: ‘‘Coal Resources of the United States; Jan. 1, 1967, op. cit,, p. 57.

An important factor contributing to availability of coslastvenmpeti-
tive prices is the extent to whick new productive capdéitimisuniided to
the coal industry. Without question, considerable capitsiFmsws=sment
willibe required in-the future’if the demands for coaliin:thine yrmeinction
, of clectric energy are to be ‘met.- This’ problem has - two-mgmeis; one
Lo related to the sheer magnitude of the future gross tonmugeesstrmeet
- -+ the power industry’s demands, and the other related tostdirgamwing

amounts of coal required to supply specific powerplant jpmsjjuctss
‘Recently a serious-coal supply problem }ms“(lCVelope(‘_L!‘r"z:wfﬁt‘k%mishg all
coal users, including the electric power industry which comsismsimore.
than one-half of the Nation’s coal output..During the first:@»months
of 1969, as: compared {0 the 'same period ‘of the: previomseypsmr;iU.S.
consumption of coal has increased by about 20 million ttemss: At the
same time production of coal at the mines has declined *bgmabout 25
‘million tons. This has resulted in' & considerable drain onweoalsstock-
piles of both the producers and the consumers. An FPC staffistudy
prepared carly in October of 1969 showed that coal stocks of many
coal burning clectric utilitics have beécome sericusly- depleted. Some -
plants have as little as 15 days supply, in contrast to a desimible 60

t0.90 day supply. TR L . !
The East Central Regional Advisory Committee. of the RPs ints .
. cout ‘that very large generating plaits mean correspondingty Iarge
icoal commitments and production rates tiot mnow available. The
‘Committee said late in Decembér 1969 that: . -~ : '
The trend toward inercased size of fossil-fred generating units andzplants:in
order ‘to' achicve cconomies. of scalc,and-the need’to utilize:fullythe available
plantsites, means large coal commitments: For example, a gencrating plant with:an
.aggregate capacity of 3,000 Mw:, which:can bc considercd reasonable in thefiture,
will require an annual coal supply of approximately 7.5 million ‘tons. Formmseful
life for each of its units'of 30 years, this means an overall guaranteedésmpply of
about 200 million tons. Such'large plants in many cascs must utilizenmmretraing

and other large-quantity coal movemnentsiand they cannot be econo pEsup-

i e

; : 46-366 0—70—4.
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plied from a large number of scattered mines. Relatively few coal mines in the
country today have a productive eapacity in excess of 5 million tons a vear, As a
matter of fact, only five bituminous coal mines produced 5 million' tons or more in
1967, and only six additiona! mines produced over 3 million tons annually.!

. The public press during the recest period has called attention to

'sharply lower coal stocks on hand, especially those held by utilities

and steelmakers. Some are reported to have only 10 percent of stocks
normally carried and even these, as in the case of the TVA, may have
an unsatisfactory location.?

Among the causes which have contributed to. this situation are the
shortage of Jubor in' underground mines and the shortage of railroad
cars for coal transportation. The labor force in coal mining has in
recent’ decades been overabundant; that may not be the case in the
years ahead. It is reported that few sons of miners wish to follow the
occupation of their fathers. Also, with greatly incressed mechaniza-
tion, the skills needed are rather different and more specialized than
was formerly. the case. This, in turn, may put additional emphasis on
those particular coal resources suscepfible to- economic- stripping,
which 1s more eapital intensive, less labor demanding. In turn, the

emphasis on stripping may accelerate certain resulting environmental . -

problems, . which, though not new, have recently received new
ENVIRONMENTAL EFFECTS OF STRIP MINING

" The visible insult to the l'nnds‘caip‘c of unrestored strip mines needs

no further description here. The desolation thereby produced is well

known to the public. Unreclaimed strip ‘mines also may. adversely -

affect the more remote surroundings. In areas ‘of considerable land
slope, stripped: overburden materials in larger and small particles as

“well as those dissolved in- water ‘are ‘likely to move ‘down slope and

downstream to the detriment of valleys, streams, and “their. :fish.

Strip mine wastes may clutter stream channels.- The dissolvéd ma- .

terials may reduce water quality. for human.and industrial use ; and
in some instances of intense erosion, valuable agricultural lands on
the flood plains below may be greatly damaged by debris: deposited.

Two other wundesirable, effects of strip mining are the drainage of
acid mine wastes into streams and' the burning of abandoned mines
and waste or culm piles. R ‘ o . -

With regard to “acid” drainage aspects, as related to the mined
ares, as well as.to possible later ‘environmerital pollution resulting
from the combustion of the coal, it may be noted ‘in’ table 17 that a
large fraction of coal reserves ‘are of . low sulfur content, especially
the lignite and subbituminous .coals which largely remain to be
developed. . L e - L

 “Electric Power in the East Central Region 1970-198%-1990," o report to the Féderal Power Commis-
slo2n ’Iprcpurcd by the East Central Regional Advisory Committee, December 1969, p. I11-10, :

homas L. Lhrich, »"SupBly-Demund Paradox—Coal ¥ndustry’s new Vigor Is Being Sapped: Outpilt
Pinch Threqtcns Eleetricity Levels,” Wall Street J. ournsl, Mar. 11, 1970, p. 38. - = ' :
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-The Bureau of Mines of the U.S. Dvcpnrtment of the Interior has re-
ported ‘using thermal infrared data obtained by remote sensing to

monitor coal mine fires and burning culm banks. A wide variety of
airborne sensor data, plus space flight photography from Gemini ‘and

Apollo missions, are being used in a study to determine their applica--
bility to problems of observing and correcting surface cffects of mining :

activities.!
Exlent of strip mining - o

A rather comprehensive survey of “surface mining’’ was published
1967, by the Department of the Interior as called for the Appa-
lachian Regional ‘]_I)cvclopment‘ Act of 1965 (Public Law 89-4 205(c)).
Information presented therein for 1965 and shown here in table 14

“indicutes that a very large gnrt of the total coal recovery by strip

mining was from only a few States in that year. At that time, of the
3,187,825 acres which had been disturbed by strip and surface niming
for one product or another, more than one-third or 1,301,430 acres

. related to coal production. Pennsylvania, Ohio, West Virginia, Ken- -

tucky, Ilinois, and: Indiana were high among the Statés affected.

The total of about 1,302,000 acres affected by strip mining for coal was
rather evenly' divided between the “aréd” type of stripping (637,000

acres),” and the - “contour’ type (665,000 acres). About 95 percent

of the coal land acreage stripped in 1964 was privately owned. Of

total acreage which had:been disturbed by strip and surface mining
-.(not just coal acreage), about two-thirds . (2,040,600 acres) in 1965 -
- still ‘required . reclamation, whereas -about one-third for one reason.

or another did not require reclamation. -

- Cost of reclaiming strip mines . o

~Reclaiming of: coal land: in'11964,3,,co'st“ktkm*‘nver‘nge of $230 per acre
for-arcas completely reclaimed. and:$149 per acre for areas partially

- reclaimed. These terms: apparently ‘are not fully defined:. According

to-other :information :provided by that report* costs of reclamation

even at levels up to as much'as $800 per acre average not much more -
than 10 'cents per:ton of coal removed, though costs.do vary rather-

widely from State to State. Though the cost does not appear high on a

- per-ton basis, the per-acre cost is:large as- compared with farmland

values.' Fortunately, table 15 would appear to indicate the likelihood
that reclamation costs' may be relatively low on a’per-ton - basis in
lignite :dreas and. in® the . Rocky: Mountain- area; “partly ‘because of
thick beds and high tonnages per acre: - ~ T

Limitations upon reclamation “ ‘

.+ It must not be assumed that in most, areas; good farmland, once it
. has'beenexploited.for its subsurface mineral treasure by stripping, can

be quickly or‘ever fully returned:again L to'its: prior use for intensive
crop farming. Grazing, forestry, even rereation; are more likely'iv be
its newuses. There 1s little assurance; especially in ‘the more humid
areas, that drainage water from-the stripped:area will 1ot be seriously

-reduced in quality by contamination'with chemicals leached: ot of the

newly exposed subsurface materials. Inless humid areas the problem

of reestablishing an adequate vegetative cover.is:reported. to:be ‘more

' Aeronauties and Space Report of thé)\lv’re's‘i.t‘ionlv:," transinitted to the Congress, Januai*_w:,vi 1970, Execu-

tive Office of the President, Natlonal Aeronautics and Space Council, Washington, D.C., 197¢, p. 51.
2 *‘Surface Mining and Our Environment,” op. cit, .-~ ./, o
3Ibid, p. 113, table 5. .© - e T e A ‘
4Ibld,, p. 114, table 7. .
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Regulation of strip ﬁfning

There has perhaps been too short a time since the 1967 report of -

the -Interior Department and some resulting steps to provide pre-
ventative or remedial treatment for clear resolution of the environ-
mental problems. It has been reported that the Department of the
Interior in December 1969 undertook the review of current authority
and the drafting of proposed legislation, if necessary, whereby Interior
and Agriculture can assist local and State organizations in the restora-
tion of past mined areas.! In a recent statement made in introducing
a proposed mined land restoration and protection act of 1970, Senator
Nelson has indicated that environmental regulation of strip mining
is almost nonexistent at the Federal level, and at the State and local
levels, spotty, at best.:? ' ’

*  UNDERGROUND MINING

- Environmental effects
* Past experience with undergiound coal mining suggests that alterna-
tive expansion in those techniques would also prove to be increasingly
destructive of some environmental qualities. Even if it be granted
that the coal tipple and other surface appurtenances, along with the
generally .dreary mine villages are no more offensive to many persons
than some nonmining aspects of the environment, there remain gener-
%llykunsolved problems of acid drainage and of long-burning culm

anks. :

On the other hand, old slag heaps have in some areas proven to be
useful as a source of industrial inaterial. And a few artistic individuals
are known to regard the old. pink-gray mounds looming against the
skyling of the flattish Midwest as interesting and -attractive. They
have been compared favorably with the pyramids of Egypt. But that

. point of view is exceptional. Few persons appear to regard: coal mining

1n any of its versions as contributing Javorably. to the-quality. of ‘the:
environment. To press.on.to higher levels of production will almost

inevitably involve increased “exploitation”’ of ‘present- coal mining
‘areas, large development of some new areas, and greater conflict with
an increasingiy critical public. = .« . T : ‘
e RN ) s A

Because so much oil is used for purposes other than the generation’

of electricity, it is appropriate to first examine the role of oil in total

energy supplies. .~ . DR e

0il and total energy v ‘ SR .
Exploitation of petroleum resources as 2 source of extraneous energy

is even more recent in human history than use of coal. Contribution of -

oil to the total energy supply was almost negligiblé until-after 1900,
but since then use has -grown very rapidly in several ways, particularly
in powering the internal -combustion engine, Modern transportation

‘on land and by air can hardly ‘be imagined without the prodicts of . -

petroleum. Domestic production of crude-petroleum has incressed from

- 1,353 million -barrels in 1940, to-1,974. million barrels.in: 1850, and

2,575 million barrels-in 1960; to.about 3,329 million barreis'in.1968:

_ World production:has:increased-even moro rapidly, with the U.S. pro-
- Dortion of:the world: total showing & decline from 63 percent in 1940

! Richard Harwood snd Lawrence Storn, Washington Post; Fob. 4, 1970, p.Al7. © -0 & -~
2 Senator Gaylord Nelson, statement on S. 3491, Congressional Record, Feb. 23, 1970, p. 52145,
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to 25 percent in 1967. Though oil was the basic energy source of only
about 7.8 percent of the clectricity generated in 1968, that use neverthe-
less required about 187,923,000 barrelsin that year, against only 16,325,000
barrels in 1940 and 85,340,000 barrels in 1960. If the 1968 figure of

-nearly 188 million barrels is to rise to 800 million barrels by year 2000
‘as estimated in table 5 above, demand on petroleum resources for this

purpose would be very substantially increased. Oil’s contribution to
total energy resources utilized then in generating electricity should
decline to about 5 percent. The components presently used for this:
purpose mostly fall.in the heavy residual fuel oil category, a byproduct
of the refining industry; it appears unlikely that demands for other
major products cf the refining industry will be eased enough in the
years ahead to favor an increase in the residual fraction. -

In table 7 are shown several estimates published since 1962 of the
probable U.S. requirements in 1980 for total energy, as well as for oil
and gas. It muy be noted that experts concede that values projected for
future oil and gas consumption can be varied endlessly, depending
on assumptions employed for energy growth rate and interfuel
competition.: _ . , ' )

The estimates present a considerable range with consequent sub-
stantial differences in demand for capital investment. In general the

- more recent are higher; they indicate an overall probable demand of

16 to 18 million barrels per day with other recent estimates ranging as
high as 20 million barrels per day in 1980." A recent estimate for 1970 -

~ indicates 14,680,000 barrels per day required-—a 4.8-percent gain over

1969. As projected, 1970 would be supplied by average production of
9,525,000 barrels per day of domestic crude, an increase of 3.3 percent
over 1969, plus natural gas liquids amounting to about 1,683,000 bar-
rels per day, an increase of nearly 7 percent over 1969. Imports would
be sharply increased ; crude would increase by 14.3 percent to 1,595,000
garrgls per day, and products by 4.7 percent to 1,530,000 barrels per
World supply situation = . R ‘ .
- .On a basis wider than the domestic, there is evidence. that for-the
near future svrplus rather: than scarcity is probable. Commenting
that most conditions suggest a fairly .tough periced, ahead for all the

«oil giants when it comes:to business outside America, the Fronomist
~said in"1968: “The problem is partly & matter of the abun:’ ¢ of oil.

Production and consumption are fairly well balanced at ti.c moment,
rising at about, 7} percent’a-year, but both are outstripped by a 10-
percent rise in the amount of newly discovered oil. At the present rate -
of consumption, proven reserves arc now big enough to last until .the.

‘year 2001+ Some, 63 percent of: these reserves arc located in the Middle

ast, 11 percent in North ‘America, 10 percent in.Communist areas.”’3
- According to recently ‘published. research® free. world petroleum
explorers have uncovered more. than half (59 percent) of all' existing

~ giant fields since.1950. Of ‘the known 71 giant fields; defined as those

good for at least 1 billion barrels of ultimate recoverable rescrves (past
production plus remaining reserves) 21 were discovered in. the 1950’s -

! Statement to New York Security Analysts by Robert’0, Anderson; chairman of the board of the At-
lantie Richfield Co., Congressional-Record, Feb. 23, 1970, p. S2156. . .

* “Modest Gains Forecast for 1970,” Oil' and Gas Journal, Jan. 26, 1970, pp. 113-127. )

3 The Economist {Londoin), Aug. 10, 1968, p. 48. - . . . N

4 Robert J. Burke and Frank J. Gardner, “The World’s Monster Oil Fialds, and How They Rank,"”
Oil and Gss Journal, Jan. 13, 1969, pp. 43-49. R L S . .
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and atleast another21 have been found during tlie 1960’s. Those 71 fields
originally held aboui 360 billion barrels of such reserves; of that
amount some 62.5 billion barrels have already been produced, leaving. -
an estimated 297 billion barrels of recoverable reserves, or about 74
pereent of the free world reserve.

Of the 71 fields, 38 arc in the Middle ‘East and only 18 in-the
Western Hemisphere, of which 11 are in North America. There are,
of course, a good many known smalier fields, .particularly in the
United States. For example, if the cutoff size were set at an estimated
ultimate recovery of 100 million barrels or mave per field, the United
States alone he 259 oil and 47 gas giants, which are indicated as
now producing about 51 percent of the national output. and holding
57 percent of the remaining reserve. \

But for the free world, the six largest fields are indicated to contain
more_than 47 percent of total recoverable oil, and none of those six
is in North America; five are in the Middle East and one in Venezuela.
Not only are few of the North American entries anywhere near the
top in size but for the most part they were discovered rather early
an” -ave been rather intensively developed. For example, of the
U monsters, East Texas, Wilmington, Yates, Kelly-Snyder,
Midway-Sunset, and Huntington Beach .were all discovered before
1950, one of them as early as 1901, and have yielded about half or
more of their ultimate recoverable oil. Elk Hills is an exception;
though discovered in 1920, the great bulk of its reserve is still in -
the ground. That also is the case of the two monster Canadian ficlds,

Pembina, discovered in 1953, and Swan Hills, 1957. »

The discovery’in 1968 on Alaska’s North Slope (Prudhoe Bay) is
not included in the list of 71 monster ficlds, though respected experts
have estimated that the structure could hold 5 fo 10 billion barrels
of recoverable oil. However, with few completed wells, the reserves
are-not yet regarded as proved. Moreover this is a relatively small
part of tﬁe general area which will be explored, ‘

Of sonte possible significance in the world supply situation are
indications tlhat the U.S.8.R. may have nearly completed its produc-
tion of an excessive surplus‘of petroleum. In January 1969, the Soviet
Union’s " petroleum: minister, Valentin D. Shaskin; as reported as
predicting that' Russian oil exports would . not continue to rise sig-
nificantly because of growing domestic' requirements.! ‘As reported,
in 1968, total crude -oil production was 309 million metric tons, of
which 57 million metric tons were exported in the form of crude oil and
an additional 25 million tons as refined products, or roughly one-fourth .
of total production. Whether: this situation will be'notably changed
by -the recently -announced new ‘“nortl. slope”- Siberian field named
Samotlar in the Ob-River area is unclear. Recoverable reserves were

" estimated at. 14 billion barrels.2” ' R R

Not only the oil wells (table 18) but even more, U.S. production: of -
petroleum shows heavy concentration in a few States, notably: Texas, -
Lousiana, end California which: in. 1967 accounted for about 70
“percent of the total (fig. 4 'and table 19).- = .« ol

1 New. York Times, Jan. 11, 1‘96‘9;“pp. 39and 7. fi

.2 New York Tixes, Mar. 28, 1970, pp. 1 and 40.
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TABLE 18,—PRODUCING QIL WELLS IN THE UNITED STATES AND AVERAGE PRODUCTION PER WELL PER DAY,

BY STATES
Producing oil wells
1966 .

Approximate Average  Approximate Average
number of production number of production
producing per weII producing per wel

- oil wells, ay il wells, per day
State Dec. 31 (barrels) Dec. 31 (barrels)
Alabama. ..o ..ol 524 42.2 532 38.0
Alaska._.______._. 72 609.9 94 961, s
Arizona______..... 6 45,2 2 616.
Arkansas.__ 6,372 10.5 6, 459 9.2
California_ 41,348 23.0 41,608 23.7
Colorado._ . 2,371 42.6 1,730 453
Illinois._..__ 28,608 5.9 27,887 5.7
Indiana. .. , 300 5.5 14,831 55
Kansas___ 46,016 6.1 47,597 5.8
Kentueky. .. men 14,800 3.3 13,255 3.0
Lovisiana: i -
Gulfeoast. .. ... 16, 804 104. 4 16, 867 2.1
Northern. ..o . el 14,259 10.4 3,803 187
.. Total 31,063 60.3 30,670 68.7
Michigan___ 4,141 9.6 , 004 9.2
Mississippi , 549 59.8 2,557 61.3
Montana_ . 3,507 26.5 3,390. 21.8
Nebraska_ _ 1,511 24.3 1,430 24,9
14,981 19.9 15,210 20,9
1,523 18.0 1,535 19.9
16, 504 19.7 16,745¢ - 20,8
211,832 _4 12, 582 .4
2,017 37.2 , 063 34,0
_______ 14,192 2.1 14, 638 1.9
80, 583 1.6 80,970 7.8
Pennsylvania. 2 50, 645 .2 2 45,426 .3
South Dakea 29 23.0 28 20,0
Texas:3 . -
Gulfeoast .. _______ . 19, 255 27.8 18, 925 3L 0
East Texas field_ : 16,843 7.0 16, 3z8 8.6
West Texas_____ 66,910 20.2 66, 002 21.5
- Panhandle_ ____ 13,923 6.9 13,862 6.8
Other districts_____ . _____ ,377 9.9 76,884 . 10.4
coTotal el -196, 830 14.7 192, 001 15.8
tah_ __ .. 867 771.4 869 76.9
West Virginia_ - 13,467 . .8 12,989 i
Wyoming. i meae 8,434 g 44.6 8, 547 44.0
Other States .
Florid 42 123.2 41 103.5,
150 1.8 146 14
10 t 8.5 13, .66.5
32 .6 3 .6
2 . -4 2.7
236 26.1 231 224
- 583,302 14,2 573, 159 5.2

C e

1 Based on the ayerage number of wells during the year.

\

2 Compiled by Bureau of Mines, all other number of prodiucing 0|I wells furmshed by Slate agencres

3 Division of the Texas Ranlroad’Cammlssmn

' Source M|nerals Yearbook 1967 GFO Washmgton DC

1968, vols I-11, p 863

H
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TABLE 19 —STATES® SHARE OF TOTAL U.S. CRUDE OIL OUTPUT, 19671

Share
State (percent)

Kentucky .
Louisiana.
Maine: ..

Michigan. .. ...
Minnesota__
Mississippi_.
Missouri. ... . ool e nns 0

. New Jersey__...
New Mexico... . 92
New York.,... . 06

. Share

State (percent)

Montana.__..........__.. 09

Nebraska._..... 42
Nevada.........

New Hampshire.

North Carolina_
North Dakota. .
Ohio

—
(=T

Oklahuma....

Oregon_._....
Penn sylvania..
Rhode I sland. -

South Carolina.
South Dakota..
Tennessee. .

—
-

w
P OOO0OO ACOO0OONDOOPWO LoD —

~z00
@aw

N e
5 -

1 Does not sum to exactly 100 percent, besause of 1o nding.

Feurce: “The 0il Import Question-—A Report on the Rela
“fask Force on Oil Import Control, GPO, February 1870, p. 28.

tionship of il Imports to the National Secunly," Cabinet

FiGURE 4

Prodiiction of crude petroleum in the United States, by principal producing States
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Ol for electricity

Since the residual fuel oil burned in steam electric powerplants
cannot be moved economically by pipeline over long distance, the use
of oil for electric power generation is essentially limited to areas
bordering low-cost water transportation or adjacent to petroleum
refineries.

Slightly more than one-quarter of the total annual residual oil
supply in 1968, was consumed by eclectric utilities. Domestic produc-

tion of residual fuel oil has been steadily declining, but imports of this -

commodity have nearly doubled during the past decade. Unlike crude
petroleum and refined products, imports of residual oil are -not
restricted by import controls, and its use for electric power generation
has been growing rapidly.

The abundant worldwide supply of residual fuel oil at this time and
the associated lowering in price ﬂai\zc accelerated the increase in its

use. Furthermore, technology for the removal of most of the sulfur y

contained in residual oil is available and the industry is investing con-
siderable sums of money in oil hydrodesulfurization facilitics. In the
next severai years the oil industry, worldwide, is likely to acquire a
capacity to supply large quantities of residual fuel oil capable of meet-
ng the most stringent sulfur- content regulations for air pollution
control. :

The projected fourfold increase in demand on petroleum for genera-
tion of electricity by year 2000 apparently would be accompanied by
a somewhat equivalent incresse in the overall demand for petroleum.
To micet the larger future demands for petroleum and its products

whether total or.only for.generation- of electricity;we-must-either-find
it in this country, import from foreign countries, or resort to the oil
shales and other synthetic production, as from coal.

Ezploration and reserves.—Unlike coal which may in some instances
be scooped*up from strata near the surface, petroleum is found and
harvested by’ probing deep into the earth with wells. The' well may
prove-to be ““dry’’ or yielg either petroleum or natural gas, or both.
In other words, to & degree; oil am]:l gas share a. common-domain and
arc sometimes referredto as the petroleum group of fossil fuels.

It is indicated that over 2 million wells have been drilled in the
United States for oil and gas; and about-700,000 are curréntly pro-
ducing; of which about 575,000 are “oil” wells. Ahout 25,000 larger
and ' (mostly) smaller ‘oil and gas fields have beer idesmtified. in. 32

-States. Navertheless, because of the erratic manner ine which accumu-
lations of oil and gas. oceur underground, the- problem. oi estimating

- the quantities of thesc resources still:undiscovered by drilling in any
_given region'is indeed difficult and subject to a wide rangé of ‘Possible

Interpretation, . .~ . o T T
For example, Hubbert ! has recently noted:,

. * % * How accurately arc the lihdisco‘vérbd'rcsqu'r'ccsj of oil and gas in. the

- United States known? In this regard it may be mentioned that estimates pub-
“lished within the last 12 years of the ultimate production of erude oil'in the United
- States, exclusive of Alaska, have a fourfold range from about 145 to490 billion

barrels. Cdrresponding estimates for natural gas have a threefold ‘range from 850
to 2,65C trillion cubic feet. .-~ " . ST : S

T IMK. Hubbert, op. eft., p: 170. ) A
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In view of the wide range in these U.S. estimates, it may be noted
that they are the work of experienced and reputable scientists pro-
ceeding on different but seemingly reasonable hypotbeses and as-
sumptions. All have been discussed and criticized. No attempt will
be made here to examine in detail or to justify either low or high
estimates, except to report that the high estimate [Zapp] concludes
that it cannot be safely assumed that even the 20-percent mark has
been reached in exploration for petroleum in the United States, ox-
cluding Alaska and excluding rocks deeper than 20,000 feet. On the
other hand a comparatively low estimate [Hubbert], based essentially

on rate of exploration activity, would appear to indicate ti «t by year

2000 the United States and adjacent continental shelves will have run
through fiur-fifths of the comiplete cycle of erude oil production.
It may be noted that o comprehensive staff study in 1962 for the

‘Senate Interior and Insular Affairs Committee concluded in part:

Attenpting to assess the Nation’s oil resources on information that is publiely
available is as frustrating as chewing on a mouthful of mashed potatoes: There
is nothing to get one’s teeth into.

B * * * B3 % L

The subjeet of oil reserves and resources has received exhanstive and spirited
professional attention for many yvears. The subjeet is highly speculative, but it
scems safe to conelude that something of the magnitude of 400 billion barrels are
recoverable from oil pools in the United States. * * *1

At least two situations lend basic support to the assumption that
large domestic sources remain to be discovered and developed. One
is the announcement that Alaska’s new North Slope oil field is poten-
tially one of the world’s largest—containing possibly some 5 to 10
billion barrels of recoverable oil.2

Another is the challenge of a possible big Atlantic coast oil potential.
Though largely unexplored and almost undrilled, the sediments
beneath the coastal plain and the offshore shelf are indicated as
comparing favorably in volume, age, and general appearance with

similar {formations in the Gulf basin which have proven substantially. &

productive.? Both Alaska and the Atlantic coastal plain ‘will require

' stringent environmental protection regulations as the expioration for

and recovery of petroleum deposits: proceeds. S
A possible. third encouraging aspect of the cnrrentsituation is-a
new attempt to get a better idea. of where and how much domestic
oil and gas remains to be found. The Oil and Gas Journul of July 22,
1968 (newsletter) reported: . - BN - . ‘ s
National Petroleum Council’s shooting -for May 1, 1969, wrapup. of first stage

of in-depth study of possible future: petroleum provineces in.: the U.S. * * %

Nothing like it has been done sinee.1951. NPC Committee has divided "country .
into 11 regions and picked a geologist in cach to ramrod cffort.: Mamiseripts from

cach region are duc next May, and NPC. will weld them into ovcrall report.

It is not the nearby situation which causes most ‘concern. "The
approximate 573,159 ‘wells reported at the end of 1967 as producing
petroleum ipmvidcd 1 1968 something like 3,329 millicn barrels *

! “Natlonal Fuels and ‘Enerlgy Study Y(D‘mft of Mn;}‘lvs. 1962),” staff study té'thc Corﬁfnlttcc on Interior

~and Insular Affairs, U.S. Senate, 87th Cong., 2d sess., Committee Print No. 3. Washington, D.C., 1962,

p. 52. . )
-2 0il and Gas Journal, July 22, 1968, pp. 34-35.
31bid.. pp. 46~47. - :
4 Statistical Abstract, 1969, p. 670. . .
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“(table 18). In fact, the United States has considerable “shut-in”
capacity and on occasion has been able to increase production by as
much as 1 million barrels daily.

The decline in U.S. drilling for oil.—The petroleum-producing
industry is by its very nature a long-term undertaking. From the
time exploratory cfforts are first begun until reserves are developed
some 5 years or more may normally be required.

Total wells drilled to completion'in the United States for oil and/or
gas reached a peak in 1966 of 58,160 wells involving a total footage of
234 million feet—an average of 4,022 feet per well. Of that total
16,207 were classed as ‘‘exploratory’”’ by the American Association of
Petrolemin” Geologists. In 1958 about 13,000 such exploratory wells
were drilled. ‘After carly 1959 import of foreign crude oil was con-

. siderably restricted by mandatory quotas. Some thought this would
add incentive for finding and developing new domestic reserves.
Jensen, writing in 1967, commented -that in the decade between
1956 and 1965, wildcat well completions declined by one-third and
developmental drilling by one-fourth.! New reserves added annually
scarcely equaled production and in some years were even less. Search-
ing for reasons for the perverse trend he apparently agreed with a
committee of the National Petroleum Cousncil that the interior region
of the United States had been “fished out”’—that the only good quality
domestic reserves remaining to be developed were offshore and on
the periphery of the United States—in south Louisiana, parts of
Texas, in C:]Yiforxlia, and Alaska. Others have thought the decline in
wildeatting due to lack of adequate incentives. '

In any case only 9,466 such wells were completed in 1965. There
was some increase in' 1966 to 10,313 wells followed by a slump to
8,878 wells in 1967 and 8,879 in 1968. In the spring of 1969 a risc of
about 20 cents per barrel in sale prices of crude oil was reported to
have stimulated a number of U.S. independent petroleum producers to
plan accelerstion of their exploration arid wildcatting detivities, thus
perhaps reversing a decade of retrenchment.? - L

In mid-1969 there were some indications that drilling was turning up

- after a long drop.® The revised forecast for the entire year called for
31,897 wells (excluding service wells and stratigraphic and core tests).
This would have been a 4-percent gain over the 1968 year total, or.
1,316 wells. It was estimated that wildeatting would have a 9-percent
increase over 1968, and field-well drilling (development) would show .
a 2-percent gain.-Total footage would gain 5ipercent.

Exploratory drilling did increase :moderately in .1969; some 9,121
~ wildeat wells resulted in' 1905 -discoveries, of which 1,054 ‘were oil
P and 851 gas.. These totals include new field ‘discoveries and new pay
g - diseoveries within existing fields.* Early indications were that drilling

1 11111970 would show a lecline of abont 5 pereent, with plans calling for -

- 30,085 wells as.compared with 31,502 drilled last year. Drilling plans; .
for 1970 called for 9,064 wildcats—off 4 percent,.and 21,021 develop:
ment wells, down 6 percent,® - - o e

¥ ~* 1 James E, Jensen, “Crude OIl: Capacity, Supply Schedule, and Impdrts Poliey,” Land Economics,”
7 vol. XLIII, No. 4, November 1967, pp. 385-302 . Lo

-2 Wall Street Journal, article by David Brand and Norman Peatlstine, Mar, 5, 1969, - 34, - —
3 Oil and Gag Journal, July 28, 1969, p. 136, N Lo
.4 Journal of Commerce, Jan: 26, 1970, p. 8A." :
5 Oil and Gas Journal, JFan. 26, 1970, p. 117.
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In view of the very substantial decline in drilling, both wildeat
and developmehtal since the 1950’s, it might appear to be contra-
dictory that proved crude o#f reserves did not decline shaeply #q the
1960’s (table 20). They were estingtesat 3,618 million barrels st the
end of 1968 as eomparta with 81613 milliow barrels in 1960.

Dresent balance of reserces amd demand.—In general, the domestic
oil industry has managed to inerease reserves and producing capacity
us required to meet increases in demands. At the end of 1946 proved
recovernble liquid petrolewmn reserves in the United States were
estimated to be 24 billion barrels, or approximately 12 times the 1946
production. Over the following 17 years, 44 billion barrels were
produced, or 20 billion barrels more than had been estimated as proved
recoverable liquid petroleum reserves in 1946. Yet, proved reserves on
January 1, 1964, had increased to 31 billion barrels and are mot much
below that level at present.

TABLE 20.—ESTIMATES OF PROVED CRUDE-OIL RESERVES IN THE UNITED STATES ON DEC, 31, 1967, BY STATES -

{Million barrels]

State ) 1963 1964 1965 1966 . 1967
4(1;; 32{ 37 ; 35§ 33«7;
- ] 4

100 118 133 10 94

69 58 53 7 63

H 14 12 10 5

88 100 101 101 114

92 87 77 73 63

57 69 55 57 56

904 888 834 823 788

5 56 85 79
205 201 181 176
797 752 72 825

5162 5246 5,408 5, 455
357 360 374 357
1 15 63
947 895 1,025 926

377 395 ‘321 259

Oktahoma... L5 17517 1,518 1,453
Texas? 145300 - <14, 303 14,077 14,494
Total e e . 23,862 23,806 23,772 23,925
Mountain States: - .
Colorado_.____. 368.; 346 327 348 340
Montana._: 271 252 274 282 308
Utah___.. .- 220 - 219 197 213 201
WYOmMING . e 1,254 1,204 1,169 1,073 1,084
Total ool 2,113 2,021 1,967 1,912 1,893
Pacific Coast States: -
Taska....o ... Q 322 381

o ® 83 160 ‘
3,600 4125 - 4,567 - 4,608 4,369

Total &
Other States <.

Tetal United States.

30,970 30,981 - 31,352 - 31,452 31,377

t From reports of Committee of Petroleum Reserves, American Petroleum’ Institute. Includes crude oil that may be

" extracted by present methods from fields completely developed or sufficiently explored to' permit reasonably accurate -
calculations. The change in reserves during any year represents total new discoveries, extensions, and revisions, minus
- production. - ’ . o .

2 Includes offshore ‘reéerves:‘the Dec, 31, 1967, total for Louisiana and Texas was 2,375, B
3 Included with *‘Other States,”’ - . ' : ST L o
¢ Includes Alabama, Alaska 1963 only, Arizona, Florida, Missouri, Nevada, South Dakota, Tennessee, and Virginia.

Source: Minerals Yearbook, 1967, op. cit., p. 858,

3,600 4,208 - 4,727 4,930 4,750
- g3 12 18 21

¥
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-will be, however, the improvesment, ¢
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In part this results froin the definition itself. The term prowed re-
serves applied to crude oil is used to denote the amount of oil in known
deposits which is estimated to be recoverable under current economic
and operating conditions. Reserves, so defined, are probably on ithe
conservutive side.! In general they include enly the producibe: e
tent of the ex;p,lorcd portions.wf xestivoirs—am underggound i?l\‘%:nw}‘{‘
so to speak. 4s the reservo: Bundher explored! subsstantial ssgewmiss
may b geidlod - fior the qusniiyy- proven.

Aty poiws which masy be helpfulin understanding the situniiion:

is thedmproved Tecovery rate. The U.S. Department of the Interior

has called attention to this factor as follows:

The crude oil recovery rate was cstimated to be 30 percent at the end of 1965
and is believed to be increasing at an annual rate of 0.5 pereent of ‘totad wifjginal
oil in place. The bases for this incrcase arc not well delineated, and there s wo
certainty that it can be continued af the.eurrent rete. On thn assurptiny ik it
% percent inprcoveory imte ito 355 porcnt
by 1980 wouldi yield an additionak 29 Wilion barrels of cconvizically rewonrabli:
reserves evew IE sie now discosveiries wiope made.?

Mhat stasfy, after making further points, which included the
following: o :
The calculaied trend of erude oil discoveries from 1920 through 1980 will result

. in discoveries of 72 billion barrels of oil in place between 1965 and 1980. On the

basis of 37.5 pereent recovery, thesc discoveries will yicld 27 billion barrels of
reserves. :

When reserves acquired by discovery arc added to those obtained through
incrcased recovery, the resulting 56 billion barrels will be adequate to offsct
anticipated production and increase the reserve level by 4 billion barrels; however,

Tlhie calculated discovery rate is 4.8 billion barrels annually shitiwien 1965 and
1980. Discovcries actually reported since 1957, adjusted ta.compensadofin gartially
developed fields sinec 1957; have averaged #23¢ [sillfon Yisrrols mwsiadly, spproxi-

- mately gwo-thirds tde eslonlutid Tate. At the end:of 1966 cramndntiye yeported
discamaziiiy: were sevwett Billfion dietsels below the caleulated trend line..

A
-dfcovery of oil: Geophysical crew months worked; exploratory-adrilling; and.

<flgparture ofvéported (adjusted) discoveries from the historfestzond.sinee
vincides with large:declinies in activity indices normallytidentifieditwith the

numbers of new oilficldsifound. R
iConcluded as follows:.

.....

Tt ‘therefore appears that=the’ discovery rate ‘observed since:1957mERIL not be'

sufficient to offset witharawals from proved reserves between 196HZamd11980 on
the basis of anticipated recovery rates. Specifically, cither the recosrergzrate must
improve even faster than.the. 0.5 pereent annual improvementgprajected, or
discoveries must be inereased above the levels that have prevailed sinnie1957.
Environmental effects of oil production.. ..

A serious and complex problem which confounds most: disciissios:
of petroleum availability in 1980 or even 2000 is, that of: pollution.
The problem of oil pollution at-the production: stage comes mostly
from “blowouts.” It is a reasonable statement that the oil industry
has long experienced and tried to prevent blowouts and thatthe

~ record is ' much better than'it used.to be—the number of such events

has~decreased. The: problem ' nevertheless: has become: increasingly
serious in'its 1m]l)11cat10ns respecting the environment. Earlier disasters
were very largely on land and for.the most part-afflicted small local

areas, so:-the damage was gencrally restricted and ‘the situation-

promptly brought under control. - -

1“An Appraisal of the Petroleum Industry of the United States,” U.S. Department of the Interlor,
January 1965, p. 13.- - . : R

2 ‘;}Jnited States Petroleum Through 1980,” U.S. Department of the Interlor, GPO, Washington, 1968,
p.vil. o A ) . ) .
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Effects of oil operations at sea.—With major development of off-
shore drilling and large-scale production from the subsurface, of the
sca lwed, the oil involved in a single disuster in some instances becanie
much Jarger and control and remedial treatment much more difficult.
Public awarcness of the problem has increased greatly. Recently
offshore wells, especially those near much-used beaches, wildlife
refuges and commerical seafood resources have been seriously in-
volved. Two major examples Lave been prominent—one, the Sania
Barbara Channel case in California has been extremely difficult to
contain. Still more recent is the case of the Chevron Oil Co. platform
in the Gulf of Mexicw near Louisiana and not many miles from shrimp
and oyster beds valued at $100 million. Gas ignited and a blaze
raged for about a month in February and March 1970 before the
structure was dynamited in an unsuccessful first attempt. to extin-
guish the blaze and cap the wells believed responsible for rclcasin%
under pressure sornething like 1,000 barrels of oil per day. Severa
wells provided oil for the iire and one was a major source of pollution.
Secretary of the Interior Walter J. Hickel is reported to have said:
“Compared to Santa Barbara, this is a disaster. There is more ol
involved, more pollution, a wider area and it will take much longer
and be much harder #o ¢lean up.”

These major instances of production disaster and some lesser ones,
olus major pollution of several coastal areas arising from ocean trans-
portation of petrolewm by tanker, notably the ZTorrey Canyon disaster
off southwest England in'1967, and the Arrow incident off Chedabucto
Bay, Nova Scotia, in February 1970 and other recent spills or dumping

- of oily bilge near the coast of Florida and that of Alaska have alarmed
the public and created a multitude of lawsuits.

Effects of oil operations on land.—On land, it may be said that the
environment is no longer cluttered by forests of closely spaced oil
well derricks. Spacing orders now generally specify 40- and’ 80-acre
units. There are in 1nost States specifications for completing new wells
and abandoning old ones, casing to prevent contamination of fresh
water, prol'])er isposal of produced water, whether salty or oily, to
E.I‘event pollution, and; of course, precautions to minimize the like-
ihood of blowouts or other accidents. Though quantitative infor-
mation is not at hand, it is known that pollution and other local
environmental damage does result in some instances, perhaps most
strikingly in the case of some successful wildcat wells for which ade-
quate preparation has not been made; ‘

In most instances it would appear that environmental damage can
be and is rather quickly contained on land. co

With onland  problems- of production ~and transportation - of
petroleumn sufficiently well in hand so that substantial pollution
seldom occurs, the onland search for new petroleum reservoirs
might for this reason and other good reasons be encouraged. With
much of the contiguous United States not explored in depth and with

~ some opinion, as in figure 5, that large areas of the country are favor-
able to the occurrence. of oil and gas, the situation would appear io.
deserve serious consideration, not only to set policy but to design-a
program to stimulate the discovery of such resources fully adequate
to our needs at least until the use of atomic energy is more fully

. developed.
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Regulation ;
The Water Quality Improvement Act of 1970 (Public Law 91-224)
prescribes authority for the Federal Government to regulate control
of pollution by oil from vessels and from onshore or offshore drilling
facilities. Operators may be liable for cleanup costs up to a ceiling
of $14 million in case of an accidental spill. The Government has the
authority to immediately conduct cleanup operations and to bill the
responsible party later. '
~With certain aspects of complex Federal-State proprietary and
administrative relations not fully resolved, control of environment
pollution is still evolving. Efforts to fix oil-spill responsibility and
penalties for discharges of oil from ships, tankers and barges as
well as from coastal and river terminals is one thing. Truly workable
rules under which offshore lease and development of potential oil and
gas resources will proceed without serious danger of pollution is
quite another matter. Some of the extremo difficulties, present and
potential, involved in maintaining an environment of acceptable
quality in the case of offshore petroleum development are illustrated
by the. long continued Santa Barbara Channel problem widely noted
in public information sources, and the more recent problem off the
Louisiana coast. .
A go-slow policy for offshore drilling? .
All of this would appear to raise a policy question of withholding
or delaying further offshore lease and development until fully adequate
technology is more neurly in hand for producing and transporting
such petrgleum. The very high public and private costs incurred in
offshore development in “the .recent period, the possible irreparable
damage done to some resources and the fact that several aspects of
technology, legislation and law are yet to be worked out or clarified
would seem to suggest a “go slower” policy. '

NATURAL GAS

One-sixth of all the natural gas consumed in this country is used
for clectric power generation. The amount so generated accounts for
about one-quarter of all electrical energy. generated by steam-electric
plants. Natural gas is.a desirable fuel for power generation beoguse
of its ease of handling, relatively low capital investment in gas-fired
plant facilities, minimal waste -disposal problems and ability to meet
air quality standards in practically all regions of the country. .

There- 1s considerable: doubt, however, that: domestic natural gas
supplies will be adequate to meet all foreseeable demands. for this

comamodity in the next two, decades, even allowing for success'in

AEC’s Plowshare program. “Energy economists believe that in the

years: ahead synthetic gas from ‘coal and liquified natural gas (LNG)

imports will play .an increasingly_im]%ortant role in our gas supply
picture. The announcement by. the El Paso Natural Gas Co. this
month of plans to import 1 billion cubic feet of gas per day in liquid

form from Algeria, probably marks ‘the beginning ‘of substantial

imports of natural gas form foreign sources. El Paso has estimated

& price of 50 cents per thousand cubic feet (Mcf) at dockside on'the* -

east ‘coast, based on deliveries in 1973. Storage of the LNG and

- regasification would add approximately another 4 cents per thousand

cubic feet (Mcf) to the price. At 94 cents per thousand cubic feet

TP SNIRVIN
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(Mecf), LNG may be approaching competition with new gas, residual
oil, or coal for clectric power generation in the high fuel cost Middle
Atlantic and New England areas, particuiarly where stringent air
pollution control regulations are in foree. Imported LNG for baseload

_electric powerplant operation, however, does not appear to be com-

petitive with nuclear power at the present time. Synthetic gas of
high British thermal unit content (pipeline quality) produced from
coal in quantitics that would be competitive m price with imported
LNG, is at best probably 8 to 10 yaars away.!
Supply and demand for natural gas o ‘

Attention has already been called to'the fact that the Paley Com-

" mission in 1952 greatly underestimated the contribution which gas

would make as an energy source in generating electricity in the years
ahead. Referring to tables 3 and 4, 1n-1950 some 777 billions of cubic
feet of gas had provided about 13.5 percent of the ¢nergy needed in
generation; they estimated that in 1975, 1,600 billion cubic feet would
be consumed in generating electricity, to produce about 10.7 percent
of the total generated. But in 1968 (table 5) about 3,100 billion cubic
feet of gas were used in generation, or about 23 percent of the total
¢nergy resource required for the purpose. The projection for year
2000 (table 5) would indicate the use of 4,000 billion: cubic feet of
gas for generation of electricity, but gas would supply only 4.8 per-
cent of the total energy required for generation, as compared with 23
percent in 1968, :

It is emphasized in the preceding section on oil that natural gas
resources arc often intimately associated with petroleumn, in explora-
tion, in development and in production—that to a degree they share
& common domain and may {)e referred to as the petroleurn group of
fossil fuels. Some tables and discussion deal separately with natural
gas liquids, For this reason and others, some joint aspects were covered
n the petroleum section. It may be noted here that coal, also previously
discussed, represents about 73 percent of the.total resources of fossil
fuel in the United States, whereas natural gas (dry) represents only
4 percent of the total." Nevertheless, the petroleum group of fossil
fuels (petroleum, natural gas liquids, and natural gas), which represent

‘only 9 percent of the total fossil fuel supply, are now being used about

twice as fast as coal which represents 73 percent of the fuel supply.
As previously noted, the experts present approximately-as wide a
range of estimates for natural gas as for petroleum, a not unexpected.
situation in view of the substantial degree of association in nature and
exploitation. Even in 1967, about one-fourth of net gas production was
from’ oil wells. It is stated that during ‘the last 20 years, the ratio: of
natural-gas discoveries in the United States to those of crude oil have
averaged about 6,000 ft8/bbl2- -~ - T I K
- Again, 8s in the case of petroleum; thereis a problem of definition, but
in 1967 estimated recoverable proved reserves, including offshore re-
serves for California, Louisiana, and Texas amounted to nearly 293

- trillion- cubic’ feet of gas. Texas; Louisiana, Oklahoma, Kansas, and -

New Mexico.held much of the reserve.”The same States in that year
provided the great bulk of: the marketed-production.(table 21) which
mn total amounted to something more than 18 trillion cubic feet, of

. which about one-sixth was usedas fuel for the generation of electricity.

! Testimony of Federal Power Commission before the Joint Committee oantomic Energy, November

'1969, ¢f. “Environmental effects of producing electric power,” op. ¢it., p. 57.

2 Hubbert, op. ¢it., p. 187,
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" Sources Statistical Abstract of the United States, 1969, op. ¢
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. TABLE 21.-—NATURAL'GAS-—PRODUCTION, 1940.T0 1967, AND RESERVES, 1955 TO 1967, BY STATES

{in billians of cibic feet]

Marketed production ! . Reserves 2

State 1940 - 1950 1955 - 1960 965 1967 1955 1960 1965 1967
Total . ._..._._.. 2,660 6,282 " 9,405 12,771 16,040 18,171 223,697 263,759 286, 469 292, 908
Arkansas 14 48 32 55 . .83 117 1,164 1,460 2,269 2,811
California 352 558 538 518 . 660 681 8,833 8,844 8,832 7,724
Colorado 3 11 49 . - 107 126 117 0 2,25 2,043 1718 1,768
llinois 13 8 12 7 5 234 173 210 259
ansas 364} 471 634 793 872 . 16,293 19,620 16,596 15,284
Kentucky 73 375 .79 89 1,262 1144 , 082 - 954
Louisiana. _ 832. 1,680 2,988 4,467 5717 42,436 63,386 82,811 - 85,290
Michigan... 11 8 21 s A 326 586 - - 746 - 761
Mississippi_ 114 163 172 167 139 "1.2,608 2,542 1,973 1,597
Montana_ .. 39 28 33 28 26 730 626 596 838
Nebraska. . [O)] 13 -7 15 11 8. 203 . 118 80 64
New Mexico__ 213 541 793 ° 937 1,068 - 18,585 15604 . 1537 15, 092
North Dakota. . 1 5 19 36 40 28l 1181 L I21 - 882
Ohio. ..o ... .- 43 34 36 - 36 41~ 810’ 766 "755 .0 763
Oklahoraa.. ...._.__..._ 482 615 "~ 824 1321 1,413 13, 205 17,311 20,357 - 19,404
Pennsylvania...._ : 1.9 89 114 7% 84 90 - 77541192 "1 257 1,392
Texas....o....... ) -3,126..-4,731 - 5,893, 6,637. 7,189 - 108,288 119,489 120,617 125,415
Utah_... .. ... ¢ 4 17: Sl .- 72 - 49 421" 1,526. 1,439 1,227
West Virginia.. .. - 0190 o212 -208 7207 ‘211°-71,565 "1,831" 2,494 . " 2' 580
Wyoming. .._._.. .62 718 182 - 236 -240. . 3,196 3,935 3703 3,685

Other Statess. ___... S 5.+ 9. . 12 C 187725 201 - CAll". '2,428 74,107

! For 1940, amount used by nltimate consumer only; thereafter, comprises gas sold or consumed by producers, including
losses in transmissian, amounts added to storage, and increases ir gas in pipelines. Beginning 1965, data an pressure base
of 14.73 pounds per square inch absolute; prior years, 14,65, e L S
- 2 Estimated recoverable proved reserves. Offshore.reserves included for California, Loulsiana, and Texas. Excludes gas
0s s du ? to natural-gas liquids recovery. Source? American Gas Association,. . - Lo

3 Included with ''Other States, "~ -5~ e j '

3 Prior to 1960, excludes Alaska

. p. 672, -

]

- If even some lower figure in the range of estimatés is accepted as

being the more probable, ‘there is still a lot of gas to be found and
developed.- Cumulative production plus accepted estimates of proven
reserves - for coterminous: United” States gives approximately: 600
trillion eubic feet. To  that,*Hubbert, one of the more conservative
estimators, ‘would add 222 trillion cubic feet for the fields' already

‘»disco"vered, ‘beyond the 286 trillion fect of proved reserves.! Then hs
‘would. add “another- 218. trillion: cubic feet for future: discoveries, or

“a total for the lower estimates of possiblé gas (Zapp, for example, is
~much-higher) of about’1,044 trillion
one-third has yet been produced.

Ths possibility of shortage

. ‘But there can be little-question. that the ratio of ‘proved reserves to

production:did decline.in 1968 (table’ 22) .and again in ‘1969, creating
more than.a little alarm .in some ‘quarters. Othérs argue that.such

reserve data as published can be éxtremely misleading.? At the same

time it is evident from the exploration statistics. found in: table 23"
that emphasis'on new discoveries has, for one or several reasons beén

deemphasizgd.“ A

"t Hubbert, op. ¢it., pp. 187188, ' . “n%.:. i ¢ ‘ L sl
- 2 8ee for examplo the discussion by Bruce C. Netschert, in “Natural Gas Supply Stu%',”v hearingg be-.
foro the Subcommittee on Minersls Materials and Fuels of the Committes on Interior and Insular Affalrs,

'}J&%E Sqnate, 91st Cong:, 1st sess., November 1969, Government Prlnting‘komce, Wushington. 1970, at .pp.

cubic feet, of WhiCh ‘only about -

5

i
H
¢
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f

B TABLE 2215, NATURAL GAS RESERVE—PRODU“STION HISTORY

Ratio

- : : : Annual

) ) Percent Gross Proved, Proved reserve
. Net - from il added to reserve reserve to added to
production wells reserve year end production production
4.9 34 ... . 146.9 30,0 ...

6.9 34 12.0 © 184.6 2.8 1.69

10.1 33 219 222.5 22.1 1.95

10.8 33 24.7 236.5 21.8 2.29

1.4 32 20,0 245.2 21.4 1.75

1.4 30 18.9 252.8 22.2 1.66

12.4 29 20.6 261.2 2l 1 1.68

13.0 28 13.9 - 262.3 20,2 1.07

13.4 28 17.2 266. 3 19.8 1.28

13.6 27 19.5 272.3 20,0 - 1.43

14.5 26 18.2 - 276.2 +19,0 1.25

15.3 25 20.3 c 2813 18.4 1,33

. 16.3 25 213 286, 5 17.6 1.3

1.5 27 20.2 . 289.3 16.5 1.15

18.4 . 26 21.8 292.9 15.9 118

194 Clas .71

122 percent of resérvés at Dec. '3‘1, '1968.vw’ere‘as‘so.ciated kdissoli/ed.' - ‘
Source: AGA Gas Facts, U.S. Buréau of, Mines; !'Natural Gas Supply Study, op. cit., p. 18.
) ' " T1BLE 23.~EXPLORATION STATISTICS ‘

=7 Total well completions Exploratory. wells

All wells ~ ~ Gas wells ,  Total ~ Gas'wells

“ tNotavailable. . e ) . ) )

© Source: American Association of Petroleum G‘eplogi,sts‘;,Nalural Caé Supbly Study, op. cit., p. f7f .

- According ‘to the-Chairman. of the .Foederal Powsr Commission,
gas shortage in the United States.! 3 . . ‘ .

" Short-range cffects appear to be- that some pipeline suppliers: in
parts of the United States may be unable to. meet demands of the gas
distribution companies for new service in the winter of 1970-71. Over
the longer term, assuming that the present annual growth in demand
continues for natural gas and that additions to.the supply do not
correspondingly. increase from new discoveries in: the lower 48 States
or supplementary sources,? it is manifest to the FPC that total gas
encrgy demands will . not be:met by the natural \gas industry: How.

-discernible trends of supply and demand indieate a devéloping natural

.the "utilities would make out. in competing’ for|short natural gas
“supply is not elear. . a i RS o, ?

- 1 Seo0 al> “A Staff Repdrt on National Gas Suﬂf)l.y nnd'Demnnd,'ﬁ Federal Power Comm[sslon, Oct. 1,
1969."App. A to this report asserts (at p. 1): ."Ev“ ence Is mounting that the supply of:natural gas is di-

minishing to eritical lovels in relation to demand. . . e N
2 Lo., llquified natural gas, gasified coal, increased imports of gas from Csnada or delivery of natural gas

from the N orth Slops of Aiaska.

-
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The Chairman of the Federal Power Commis‘sion,cau‘tions that
there is no immediate solution to the gas supply problem. No single
factor is determinative in assuring new domestic gas- supplies. to
meet growing demands, including those of the clectricity industry.
The. precise dimension or magnitude of this problem canuot be -~ . ...
established, in his opinion, until probative evidence relevant to the S
problem has been prcscl}j_c_gl_in,ratcﬂpl'occcdings*bcfol‘c“tthommission; T s :
or-until a reliable gas survey has defined supply in relation to deliver- - -
ability and demand.! s I R ‘
FPC Commissioner John A. Carver takes a stronger stand. Pointing
out that one-sixth of all natural gas produced in the United States
is used for power generation, he further observes: R
~ : At o time when'we arc secking incentives. for inereased exploration and pro-
: -duetion, when increased imports from-Canada and transport in liquid form arc
being planned and when research on conversion of coal to gas is being aceclerated,
it would-scem: foolhard. iin the extreme to' erunt it heavily. in our inventory of
potential electrie power sources.? .. IR ’ ) ‘ . .
These views raise in the- minds-

of ‘some the question” of whether

, ' new additional “comitments ‘of gas for . boiler ‘fuel use should be =
- : . permitted. With greatly expanding useé’in homes ete., higher prioritics,
whether set ‘by‘a(lrr_iini‘s_tmtiqn or by ‘the market may exist. - )
, Environmental, effects” of ‘producing ‘netural ‘gas R :
R | may. bo notcd'that"‘lmtuml'gas,:in.,prodl'wtion and in use appears . :
"~ ~to’present fewer environmental pollution” problems - than coal, or

betroleum and pr

id_probably: fewoer:
- Jr:-‘;-éi_e_ctl.la“i)o‘vel,. X |

than-nuclear-fucl-or-dams for. hydro-

, e g ‘NUQL&Q’AR;FI:I&QLS; P . o i
: ' '-:‘The,-fl.lel”"f’(‘)r nuCIeiLr‘ p'o’\'vér;fto the 1990’s will be minl‘y urahitim’ ,
(some plutonium), N uclear powerplants: to the mid '1980’s probably -
will ‘use only. the uranium-235 isotope, which amounts to 0.7 percent,

. of the uranium ‘atoms'in uranium . ores. Thorium is' 1ot vet in ‘use as
‘a nuclear fuel and 'will have ‘to await perfection of the breeder ‘type
reactor. Culrent reactor technology. uses ‘about 0.6 to 1.2 percent of

.. 'the potential energy in the uranium gres’ and ‘with improvements

f might . increase to 3 percent? More effective ]

‘use  (other uiranium

1. isotopes) will have: to ‘wait for: the successful’ demonstration of the

. breeder reactor. - This” téchnique converts non fissionuble” atoms to L
i . \ﬁssi(mable"ithJpeS_"’at_;“ the same. time that power is produced from the =~ i

> . - original fuel changé. In ‘theor 8 -‘;c_c‘jmbinationffo’f,"brkeéderw and con-." . . | ;
i ventional nuclear reactor's‘c’oul({ permit use of all the‘atoms of uranium s

and thorium for fuel.. = - i R TR
- Asa pl'acticdl,mattel',1bre,eding mitially is likely to:make use of
.soméewhat more than half 'of ‘the available atoms:* and later about .
70 percent: TR R Lo
‘At present the manufacturing procésses that transform uranium con-" -
: centrates into fabricated: nuclear { el have few envivgnmental effects.
-The operations _mfe”,c}lcmica]‘_arid‘mctallurgiéal"1)1'0(-.gsses"tlmt_ generate i
; much the same kinds'of wastes one would expect from’ similar opera- S
tions. with nonradioactive materials. ‘Pollution problems are likely to: i

! Statement of YIon. John N, Nassikas to the Senate Commerce Committee, Jan, 30, 1970, p. 94. e
I 2 Re]r)narkls %{gommlssioner John A. Carver at the Annual Conference of the Atomic Industrial Forum,
nv., Dce. 1, . . ' S R,
3 Energy. R. & D. and national progress, p. 105, ¢ - S S - :
! Robert D. Nininger, “Importance of Increased Supplies of Nuclear Fuels To Mcet Long-Term World.
Energy Requirements,” in “AEC Authorizing Legislation—Fiscal Year 1970.” Hearlngs before the Joint
Committee on Atomic Energy, 91st Cong,, 1st sess., 1969, pt. 3 0. 2320, Lt PR
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appear throﬁoh effects of acids and Oﬁiibi' chemical wastes, rather than
the slight l'a(honctrvxby of any uranium wastes.
“For the future, the manufacture of fuel materials and fabrication of

nuclear fuel may become more hazardous as plutonium and uranium- -

233 come into use. There may then be the possibility of these materials.
escaping Lo ('ontammnte the surrounding area, as recently happened at
the AEC’s weapon’s factory at Rocky Flats, Colo. How likely sich
release may be will depend upon the 1‘0<*ulat,10ns ‘imposed by the AEC
upon the privatle factories. - - :
The Atomic Energy Commission believes that breeders will extend
cuergy resources indefinitely, but acknowledges that until breeder re-
actors can be put into general use, the Nation faces an immediate
problem of producing enough uranium to fuel present nuclear power

reactors to meet shoxtterm electrical | energy requirements.! One
measure of this. problem is the controversy -over the: proposed sale”

to private interests of the AEC’s gascous diffusion plant at Oak
Ridge, Tenn., which manuf&ctm‘es nuclear fuel matemals enriched i in
the US atoms..” -

Domestic uranium 7’esources
Table 24 summarizes the AEC’s estxmate of l‘ebruary 1967 that

“the uranium resources of the United' States are the equivalent of :
875,000 tons of (UaOa known as “black oxide,”. and 1,705,000 tons

for Lhe free world outsxde of the Umted States. Tnmugh 1980 U.S.

ada P .

T ’\uuhxlrﬂ"x xuqmrcmuw; xux Gx'\?’irii‘ux’ 111101C8,1" I'JOW'CI‘ ‘are Cwux“'l&oCu e

about 170,000 tons, based on nuclear capaclty of 95 mllhon kxlowatts

in 1980 2
" TABLE 24,—NATURAL URANIUM RESOURCES!

[In thousands of tons U;da] ' R
Freeworld

xcluding Total {iee
Umted States Umted States world
Less than $10/lb. UsOs: . : : L
Reasonably assued 2. ... L.ieoiiiiiiaias 200 485 685
Estimated addmonal=._............._..V ........................ 325 355 - 680
Total. ..oooeeeein e RS S, S525 i 84D 1,385

Less than $15/b. Us0g:4 B ‘ |
- Reasonably assured_ ... ...l ...l SR 1. 350 1,050 - 1,400
. Estimated additional - - Coo82s 685 1,180
TOtBL. e eeece e hie e reeoetamenteneno s 815 < L7050 2,580

1 AEC 1960 projections,

2Demonstrated reserves.

3 Based on geologic and explorahon data.
4 Includes less than $10/1b,

Source: Civilian. nuctear power.- The 1967 supplement to the 1962 reporno the Presudent February ’967 U.S. Atomic .

Energy commrssron p. 15.°

The AEC’s estlmate for yenrend uranium reserves for December

1968 recoverable at $8 per:pound of. U;O; or less was 161,000 tons of

U404, represenmnv a net increase of 13,000 tons over tllb _year.? Re-
serves at a pru,e of $10 per pound or less were esmmnted 1t-200,000
t;ons.‘ ,

-1 Loe. ¢it.

2 “Civillan Nuclcnr Power,” the 1067 supplemcnt to tho 1962 report to the President, Wnshlngton, D.C.,
U.S. Atomile Energy Commission, February 1967, p. 1

JUAEC Authorizing Ler,lslx\tlon, Flscal Yoar 1070" hearings bcIom the Joint Commlllce ou Atomie
Encrgy, 9lst Cong ., 1st sess., 1969, pt J, p. 309,

]
i
;
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The ceonomic feasibility of present nuclear power depends upon a
price of $10 per pound or iess. In addition to these reserves in con-
ventional deposits mined principally for the uranium, AEC estimates
there are some 120,000 tons of U305 that might be recovered through
the year 2000 as a byproduet from the processing of phosphate rock -
and copper mine waste leach solutions. This material is all regarded
as available at $10 per pound or less:! S
In May 1969, the AEC published a revised uranium ore estimate
for the Western United States to total 70,300,000 tons of ore. This
ore has an average uranium content of 0.23 percent and contains an N
estimate 161,000 tons of U305 recoverable at $S or less per. pound.
These figures represented aun Increase in reserves during 1968 of .6
million tons of ore containing an estimated 13,000 tons of U,0; despite
the 13,000 tons of U,0, in ores delivered from. the uranium mines to - ‘
the uranium mills; S : .

The breakdown of this latest estilnate of ore reserves by States
appears in table 25.2° ' : L : o

TABLE 25.—URANIUM ORE RESERVES ~ * S “r
. S . * Percent Tonsof
State : B o  Tonsof are o U0 U304
New Mexica 72, 600
62, 700
600
. 7,700
28 3700~
* B , .30 1,260
Others: (Arizona, Alaska s . : -
 tana, and ldaho). . 1,400, 000 o5 3,440
. 70,300, 000 ©..23 161,000

Totab. . _.__

Source: AEC press releasé.

The heat energy potential in the known U.S. uranium reserves is
estimated at-about 9 quintillion B.t.w’s if breeder reactors are per-
fected, but about. 1 to 3 percent of that amount with present nuclear
power. techuology. The: heat value of the 3,270,000 tons' of uranium
motal estimated by the Geological Survey -for unappraised. and un-
discovered domestic deposits in"the United States and recoverable

-t 8100 per pound of U;0, or less coines to about 784 quintillion Bitu. o
. These figures may be compared with current annual U.S. consumption

“of about, 0.06 quintillion B.t.u. or known recoverable coal reserves in-

the. U.S. of 4.6 quintillion B.tw. . L e
- As for thorium, since it is ot yet a proven source of nuc v
prospecting:for it has been limited. Known deposits minable at a eost

. of 85 to $10 per pound of thorium dioxide: (ThO,) ‘totul about:108,000

tons: Estimates- of unappraised. and undiscovered resources by the
U.S. Geological Survey in this price range come to '800,000 ‘tons ‘of
thorium metal; In the price range of $10 to $30 per pound of ThO,; the
Survey estimates about 100,000" tons in known deposits and: 1,700,000

- tons In: unappraised and undiscovered resources. World resources of

t*"AEC ‘Authorizing Legislation; "Fiscal Year 1970, hearings before’ the Joint. Committee on Atomic
Energy; 91st Cong., 1st sess.; 1969, pt.atp.‘lsos. ey T T S e
- 21f the energy. from the 3,700 tons of 305 estimated in tho Texas reserves were fully utilized in breuder
reactors, it would be the equivalont of 32 billion barrels of oil. For present nuelear techiiology, it would he
equivalent to about 320 miltion barrels. T L . C i L

lear encrgy, p
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thorinm i1 known (lchSlts mmablc un(lcr present cconomic condi-.
tions total about 700,000 tons and undiscovered resources are expect-
ed to range from 20 to 200 millioa tons.!

The energy value of l\nown deposits of thorium in the United States
is about. 12 quintillion B.t.u.’s. The AEC estimates the energy vlaue of
unappraised and undxscovomd thorium dcpomts in thc United States
as 128,500 quintillion B.t. u"b

Uranium requirements

In 1967 the AEC estimated uranium requirements for domestic
nuclear power at 170,000 tons of UzOq based ‘upon an estimated nuclear
powerplant mpnuty of 95 million kilowatts 1n1980.

In April 1969 the estimate given was 237, 000 ‘tons of UyO4 for the
years 1969 through 1980, with an annual requirement of 38,000 tons of
U305 by 1980. Although the ‘estimated requirements through 1980

- greatly . exceed: current reserves at $8, the AEC testified . that the

exploratory drilling and” I)l‘OSl)(,Ctll]O‘ offorts and the results being
achicved ther cflom hox & prov1dc cncom agcmcnt that the resources
needed will be. found.” 3

-In addition"to the 1mmcdmtc csmmatcd needs tlr'ough 1980 the
AEC has factored in o 8-year reserve as being necessary to prov1dc h}
. minimum ‘production base for ‘uranium mining and processing. Thus
for domestic nuclear power through 1980, productlon plus 1'cscrvcs is

estimated at- about' 600,000 tons of UaOg,‘ which w111 requirc new

known Teserves were stated at 160, 000 tons, for $8 pcl‘ pound TjaOg
AEC notés the, dlsucpnncy botween the known reserves in 1969 and

the projected requirements through the year 2000. Even assiming that -

fast breeder reactors are introduced in the late 1980’s; the cumulative

requirement ‘through the ycar 2000 is for 1 m1111011 tons of UyOs..

Reserves at $10 per pound or-less ivere estimated in 1969 at 320,000
tons of U,04, including ’the- 120,000 tons of byproduct: matorial
mentioned above. AEC cstimates leL current additional undiscovered
resources in the $10 per pound price could add another 350,000 tons of
U,0; and that résources of materials in the $10° to $15 per poun(l
category are cstlmntcd at 350,000 tons. 5

Uranium mzmnq _ - o :

"Uranium ‘is mined mmnly in 10 Wostcrn Sbatcs, five of which
pmducc over 90 percent of thc Lotal (10m(,btlc uramum ore (JCAE—W
Miners 1967 P102). S

Thlcc types of uranium d(,posu;s are wmked -

(1) Extensive deep. deposits as’in the lowcr Chmlc formation
of the Big Indian Wash district of Utah, and in the sandstones of
the Grants-Ambrosia Také districts of New Mexico. Here the ore

. -bodies “are lmgc and highly. m(,chmu/cd hml(llmg and hauling

equipment ean’be used.

(2) Extensive. shallow deposits, a8 in- the Gas Hills (llstrlct of
Wyommg‘ ‘Here open 1)1t mcthods ‘are used.

1 “Energy Ry & D. and National Progress,” op. cit pp 10-112. . .
e “Civniun Nuelear Power,” tho 1967 supplement to tho 1962 report to the Presldcnt op. cit p. 15..
3 “AREC Authorizing Legisiation, fiscal year 1970,” op. eit,, p. 1807.

4 “The Nuclear Industry, 1969, U.S. Atomie Encrgy Comxnlssion 1969, p. 35.
3 "AEC Authorizing Leglslntlon, Fiscal Year 1970, op. cit., p. 1807.

- discoveries -exceeding - 440,000 - tons. -In ‘December-1969,..presently- ... .
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(3) Irregulnr’slmllow‘(lcposits, such as the carnotite occurrences
i the Salt Wash Formation of the Uravan Mineral Belt of
Colorado and the copper-uranium ores in the White Canyon
district of Utah. Here various techniques are used.

The largest ore bodies mined by underground methods measure as
much as half a mile in length, sevéral hundred fect in width; and from
5 to 100 feet in thickness, and are located several hundred feet or more
below ground. In most cases the ore is worked from vertical or inclined
shafts. Open pit mining permits more complete -ore recovery than
underground mining and allows the grade of ore to be readily con-
trolled by selective mining and blending. !

In 1968, according to lntest figures of the Bureau of Mines, approxi-
mately 320  mining operations in eight States produced almost- 6.5
million tons of uranium ore, 22 percent more than was produced by

some 500 operations-in1967. New Mexico lead in production and
- accounted for 51 percent of the total recoverable uranium, followed by

Wyoming. with-25 percent, Colorado with 11 percent, and Utah with
7 percent. Following were Texas, Arizona, South Dakota, and North
Dakota.t : . ‘ : ' _ ol

. Uranium processing.

13 .of -these mills. This compared with 8,425 tons shipped from 16

-Uranium ores were processed it 16 mills during 1968 and ore concen-

trates containing 7,338 tons of U;04 were shipped to the AEC. from
mills in"1967.. - :
" Siibstan

uantities of urnnium were processed for

tial g » private indus-
try also during 1968 with slightly mor¢ than 5,000 tons of U,05 sold
compared with an: estimated 700 tons

-try, .which represented abgtt 40" percent of mill ;production in 1968,

are expected by the Bureau of :Mines to increase both in volume and

relative ‘percentage as ‘uranium is required ‘to fuel nuclear power

plants and as the AEC ends its own  uranium buying.? S
_The AEC expects that an ‘additional 8,000 to 9,000 tons could be

-added by the 11id-1970’s, Fourteen uranium ore processing mills are

currently. in: operation, with - 90 percent of their. production  from
uranium mines that they own or. control.® . - o

-Environmental effects of uranium mining : S :
The environmental cffects of uranium mirss are similar to those of
‘other mining operations using'pit and open luning-techniques. - -

Hozards of urantum mining.~Uraninm’ mésers are exposed to the.
usual mining: hazards such as accidents, and exposure to silica - dust,

diesel and explosive fumes, and intense noise. In addition, they also

may.be chronically exposed-to "dangerous‘cjonccn‘tratio ns of radioactive
8. S S el

® Uranium in nature is slightly radioactive. It gives off a radipactive

gas, radon, which escapes into the air from exposed rock surfaces

within a mine.: Radon_,'_being.much‘)h‘gavier\ than air, collects.in the

mines. The radon subsequen tly changes into solid radioactive particles

! U.S. Department of the Intericr, Minerals Yearbook, vol, I—,II,F “Mét‘nl‘s, minerals, and fuels.” Wash-

ing%x;aD,Ci.lg.S. Government Printing Office, 1969, p. 1118, - AT S
2 o P .

.3 “Thg Nuclear Industry 1969,” op. cit., p. 37,

in.1967. Sales-to.private-indus:

i
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which are deposited and retained in the Tungs of miners. The radon
in the air breathed and.the radioactive daughter products of the radon
expose the lungs of miners to radiation. . o

Studies by the U.S. Public:Health Service in cooperation with the
Atomic Encrgy Commission and -State agencies disclose that under-

ground uranium miner are subject. to lung cancer to a degree sub- -
stantially greater thanjthe general population, or that of. miners

other kinds of underground mines. This excess incidence of lung cancer
in uranium miners is believed. to be induced by their exposure to
radiation from the radioactive decay of the radon daughters in their
hings.! |

At present there is“somo disagreement whether it is possible or
cconomically feasible to reduce radon . exposure to the levels set by
the Departiment of Labor. o o '

Wastes from uranium milling—Uranium mills can be a source of

ehvironmental contaminatioin because the process wastes ¢ontain ra-

dioactive materials, mainly radium, and toxic chemicals which may be

released to the environment. For example, about 865 gallons of waste

liquids are producediper™toiifof] ore - treated: Initially, wastes were
- . \ Py 17 ‘ 1 . 1

allowed to flow or seep into’ the ground, where they might enter the

water table. Typically, 2 uranium mill must dispose of approximately

10 curics of radium per day in one way or another.? This 1s considered
1 1 ot -

to be a large amount of radioactive material. . = - :
Of 26 mills in operation in 1963, 10 discharged the liquid effluent

southwestern Colorado below mills in Durango were receiving -almost
300 percent of the maximum permissible daily intake for radium rec-
ommended by the International Committee on Radiation Protection,
while the cities of Aztec and Farmington received 170.and 140 percent
of the daily permissible intake respective. Of the given total daily in--
takes, from food ds well as water, about 61 percent of the radium came
from plants which-had taken' up the radium from contaminated
irrigation water.® Since then corrective measures have reduced the ex-
gosu_res to one-third of levelsrecommended by the U.S. Public Health
ervice. : ~ ST S
“Chemical wastes from mills also can have environmental effects. For

example, organic raffinate, o waste” fromn ‘the ore extraction, was

originally discharged directly into the Animas River even though very

Jethal to fish. Until this discharge was stopped, some 50 miles of the

river below the mill was devoid of fish and the food that fish live on.*

" Production of uranium concentrates has resulted in the accumulation

of uranium mill tailings piles in sizes ranging from several thousand to
several million tons in the basin of the Colorado. River. In all but one

case, there were in 1966 no measures to:contain the tailings. and. the
piles were left exposed to erosion by wind and rain. The fines in the

1 “Radiation Exl)osurééfof Ufanium Mln‘érs,"" ‘hcarlr‘lgs before the T oint. Committes on Atomie Encrgy,
90th Cong., 1st sess., 1967, pt. 2, p. 1021.- . e : . v .
:l]\i"{f Elge,xg)ud. “lEnviro%nentnl Radioactivity,” New York, Me Graw-1ill Book Co., 1963, p. 174.
Sisenbud, op. eit., p. 176. : . o ) :
4 “Rndlonc’tlv% Wnt'e? Pollution in the Colorado River Basin,” hearing before tho Subeommittee on Alr
and Water Pollution, Senate Committee on Public Works, 89th Cong., 2d sess., 1966, p. 3. .

“fiom their Lailings to streams-For-oxample, in-1058.and-1059.it was.. .

“found that consumers of untreated water along the Animas River.in




O

ERIC

Aruitoxt provided by Eic:

~ “the most radium per unit wei

were immediately adjacent to population centers. Many of the piles.

© were at closed down and abandoned mills, with no ono respenstbile
for possible preventive measures. o ‘

~Generation of cloctricit
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tailing were easily carried awsy by wind and rain. They .also contained

>

ght of waste. Some of the tailings piles

The problem of radioactive water pollution in the Colorado Rives
Basin from uranium mills was the subject of hearings held by Senator
Muskie and the Senate Subcommittee on- Air and Water Pollution
in 1966.1 ‘ '

Regulation of uranium production

Responsibility for regulating various steps in the mining, refining,
processing and fabrication of uranium -into nuclear fuel is divided
between the States and the Atomic Energy Commission. Briefly,
regulation of mining, milling.of uranium ores, extraction of the uranium
and subsequent chemical processing of it would'be the responsibility

of the States. At present only the AEC performs: the ‘enriching of .

uranium fuel materials in the U5 isotope, so control of any environ-
mental effects of this operation is directly an AEC operational matter.

. Subsequent fabrication. of - enriched fucl materials into fuel is done

under AEC licenses to- possess ‘this material,. so'that control of the
U5 for reasons of security and environmental protection is with the
S L :  HYDROPOWER,

the total to less than 17 percent'in 1968; some estimates reduce- it to

~only 7 percent of the larger total:in year 2000.

* Information in:table 26 indicates that _substzxntizif:'d.e'\‘rclopmcnt of
Water power resources has taken place since World War II, with in-
stalled capacity somewhat more. than -doubled. Even so, about two-

-thirds “of , the . estimated nltimate potential ‘yemains for possible

development. - Significantly, “about three-fourths of - the “estimated
undeveloped  potential “is”in - the Pacific border States, especially

Alaska, andin the Mountain States, some of which have very sub-

- stantial resources.of coa) and petroleum. FLT St
. Environmental effects © ¢ . ' SERPE

“The building of dams to ‘develép"'llydropO\vér‘1)rese'nts:'nt iejdsb one

major-environmental problem 'in“as mich- as flooding of important

valley land removes it permanently from major food production In

~ some areas population centers, generally smaller ones, are ulso flooded
‘and 'the local economy: disorganized. In' aress of ‘vonsiderable “soil

erosion, siltation of ‘the lake created behind the dam must-He antici-
pated. An offsetting feature is the incregsed ~recreational resources

and reserve water supplies which are created.

! “Radioactive Water Pollution in the Coloradg River Basiu,” hearing befors the Subcommitize nn Afr -

and Water Pollution, Senate Committee on Public Works, 89nh‘ Cong._, 2d sess., 1966.

¥ by hydiopower s deelined i torms of T
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TABLE ZG—WATER POWER-—DEVELOPED 1950, 1960 AND 1967 AND ESTIMATED UNDEVELOPED, 1367,
. ‘ STATES

[tn thousands of kilowans. as of Decemb'er 31

. Estimated . Estimated -
Developed water power ! undevel- Developed water power t undevel-
(capacity of actual- . . oped | (capacity ot actual oped
installations only) water - installations only) water
R power, - power,
State 1950 1860 1967 - - 1967 State 1950 1960 1967 1967
United . S.A.—Continued
. States... 718,675 33,180 45826 130,444 | Va 726 1,276
. 208 1,994
1,239 1,520 1,491 3,304 1 1,766 :919
391 495 510 1,714 1,034 1,315
312 445 429 802 1,069 3,197
192 199 200 338 39 . 84
\ 223 27 219 267 4,832 3,943
11 3 3. 0 671 1,485
107 151 131 183 | 1,894 688
1,878 2,472 4,247 4,514 2,267 1,630
1,225 . 2,028 = 3,809 1,292 0
9 8 - 8 241 1,698 . 3,065
444 436°. ' 430 2,981 900 915
901 929 969 1,256 "0 . 16
16 L2 249 363 914
37 31 110 1315 434 1,160
54 42 43 206 6,083 26,891
399 419 395 272 1,512 6,2
396 427 - 4lg 213 1,251 12,392 i
629 ' 1,594 2,734 4,363 212 1,2
- 181 186 1 1 314 . 1,875
& 137 136. 136 24 1 /
: 151 293 393 2,025 1,879 3,676 ’ ;
400 400 195 208 1,320
11 333 1,392 . 303 682 9
- . 142, _...240 . 238 1,036 18,425......73,640 -
] 303 9,549 - 23,499 &
2,767 3,773 - 5,349 9,468 3,449 " 5,656 [
: 5,324 11,909
i 272 272 494 160 84 32,511
! yramien 3 3 3 19

1 Electric utivities and industrial plants, excluding pumped storage capacity.
2 Excludes Aluska and Hawau
3Not availablz.’

Source: Federal Power Commlsslon annual summaries and related monthly reports; Statistical Abstract of the Unlted '
States.i86S, op. cit., p. 518.

. IMPORTED ELECTRICITY

Another alternative is to import clectricity. Canada has large,
andeveloped resources for hiydropower, From time to time there have -
been proposals to import a-large block of clcctr1c1ty 1nto ‘the north-

castern part of the United States. B
Recently there was talk again of such arrangements. At; one time ‘
Consolidated ‘Edison-of New York was reported to be negotiating to =~ | |

purclmsc 5,225 ‘megawatts {rom “ashydroelectric station. at Churchill
" Falls_ in Lnbmdor Subscqucntly Quebec - Hydro -contracted  for. all
“available power ‘from’ this project: - Recently, ‘however, work has . y
begun on a 2,200-megawatt project downstream from Churchill F Falls, /
and this pro]oct is expected-to provide c\txcmcly attractive clcctucmy
to utilities in New England.

e
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TrE Evcrricity INDUSTRY i

The most recent major analysis of the industry appeared in the
national power survey of the Federal Power Commission, published
in 1964. That survey is now being updated and a revised version is
expected in the summer of 1970. Meanwhile the Federal Power Com-

* mission has been drawing upon the revised: estimates for statements

before committees of Congress.
' THE ELECTRICITY INDUSTRY IN 1964

In terms of capital investment and assets,: the U.S. electric power
industry has grown from its conception in the 1880’s to a giant ranked
the largest in the Nation. It has expanded at'a pace nearly twice that
of the overall’economy, doubling-its outputevery. 10 years and in-
creasing at an annual compound rate of almost 7 percent. Electricity
supplied 20 percent of the energy used in the United States in. 1964
and is expected to supply 30 percent by 1980. The:industry’s annual
rate of productivity improverment: has"averaged-about 5.5 percent
since 1900. From tlie early 1900’s through 1940 the price for residential

~-oleetricity-dropped-steadily; and has hie dalmost steady until recently

when the number of ‘requests to raise rates increased. .

_ Electric power ranks among the'largest industries in the economy.
Requiring heavy use of capital, its annual capital-outlays in 1964
represented over 10 percent of the total of such'spending by all Ameri-

- can industries. Its spending on plant and equipment. in 1962 alone

amounted to $4.3 billion. Its capital assets of $69 billion in 1962 were
more than 60 percent greater than its nearest rival, petroleum refining

- with $40.6 bitlion. .

“Varied greatly in size, type of ownership mid-power supply functions

ORGANIZATION OF THE ELECTRICITY INDUSTRY
o4 ) ) . .

;The electric power industry in' 1962 consigted of 3,600 systems which .

performed.. The pluralistic: U.S. electric power industry - consists  of

four distinct ownership segments, those owned by investors, State and

* “local ‘public’ agencies, cooperatives, and Federal agencies. Details ‘of

the size and composition of each segment appears’in tables 27 and 28. -
The ldargest segment consisted of 480 private or investor-owned sys-
tems which owned 76 bercent of the generating capacity and served

- 79 percent of the retail customers.

" (70)
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TABLE 27.—~NUMBER OF SYSTEMS, GENERATING CAPACITY, AND CUSTOMERS SERVED BY U.S. ELECTRIC POWE
INDUSTRY, ! BY OWNEY"4IP SEGMENT,.1962 .

Number of systems -

- Generating
Engaged in-.  Engaged in capasity, Retail customers served
L ) generatingand  distribution percent of
Ownership . Total ~ transmission only total Number Percent
Investor-owned 2__. ... s 480 318 162 76 47,500, 000 79.5
Public (non-Federal). .- 2,124 864 1,260 10 8,118,000 - 13.5 )
Cooperatives.___... .. 969 76 3893 1 5,095, 000 7.5
. Federal .oooeoemnicniiicaaaaaaaan 44 42 2 13 i

Totadlioooooiiiiaiiiaaas 3,617 1,300 2,317 100 60,713,000 100,0

1 Excludes Alaska and Hawaii.
 21Includes 34 industrial concerns that supply energy to other customers. i R
a 3 Many of the distribution cooperatives are also members of generating and transmission cooperatives (the so-called
G. & T.'s) and hence participate indirectly in the genefation and transmission function.

TABLE 28.—;COIﬂP0$ITION OF THE U.S. POWER INDUSTRY1 BY SIZE AND OWNERSHIP, 1962

[Number of systems under separate management or cantrol}

. Annual energy requirements; billions of Kilowatt: hours

Ownership ) Over 10 1t0 10+ 01tol ¢ " 'UnderO0l . Total
lnvestor-owned_..i ................... 18 88 ‘ 85 - 289 . 480
Public (non-Federal). . ] 20 136 ) 1,968 2,124
Cooperatives. ____.... 0 1. 64 804" 969
Federal Government......_..c....... ) 2 7 6 - 29 . 44

20 ne 29 3,190 3,617

thg_l n

1 Excludes Alaska and Hawaii. ' L
-Source: National Power Survey, pt.'1, p. 17.

Second in number of retail customers was the publicly owned seg-

§ ment—including municipalities, public utility districts, and State and

i ~ county entitics, They accounted. for 10: percent of the generating
é ' capacity and 13.5 percent of the r2tail customers. | ' S

- Cooperatives, the next largest segment, were a major factor in rural

ascas. Liargely engaged in distribution, they owned less than 1 percent .

of the, generating capacity but brought ei’;ctricity_‘to 7.5 percent  of.

: the retail customers. - O - S A

ot The Federal segment:in 1962 had ‘13 percent of the generating ;

- capacity. It-docs not sell to retail customers. Federal electricity goes to Sy

publicly owned systems and -cooperatives as preference customers.

Tt also is sold to investor-owned utilities and to industries, such as ‘ i

h aluminum producers,. which. are large power users.

Th¢ 100 largest systems in 1962 accounted for about 89 percent
of the total clectric utility generation. ‘ - ' s

COMPONENTS OF ELECTRIC POWER SUPPLY .

The interdépendent parts of a power supply System can be divided
into the three functions of generation, transmission; and-distribution..
The relative cost of each function, based on a composite national -
average in 1962, is shown in table 29.-As with any average, there may
be substantial deviations for individual systems. Thus, transmission
costs in New York City were less than 4 percent, but almost 20 percent

"in low population areas of northern Minnesota. ‘ ’ '

Aruitoxt provided by Eic:
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- divided as follows:

72

TABLE 29.—TOTAL DELIVERED COST OF POWER—1962
[Composition in percent]

Fixed Operating

charges expenses Total cost
28.2 2.8 51.0
7.9 2,0 9.9
22,8 16.3 39,1
58,9 41.1 100.0

Source: National Power Survey, pt. 1,p.26
THE ‘ELECTRICITY INDUSTRY TODAY

Chairman Nassikas of the FPC. has recently used the indicators
shown in tabie 30 to describe the present clectricity industry in the
United States. While some of his data do not precisely coincide in
time, they arc probably the best figures available until the revisoed
power survey is completed. He shows 3,550 systems with a gross plant
investment of $102 billion, a generating capacity of 293 thousand
megnwatts, and an output of 1.3 trillion kilowatt hours. Among these
syst:ms, investor-owned companies were 13'percent of the number and -
accounted for approximately three-fourths of the plant investment,
stalled capacity, electricity generated, and sales to ultimate customers,

TABLE 30~SELECTED INDICATORS FOR THE PLURALISTIC ELECTRIG UTILITY, INDUSTRY -

= . lnvestor - Cooperatively Publicly
owned owned ‘owned Totals
Number of systems_.___. R, 37,0 - . 971.0 - 2,142,0 3,550. 0
: Percent of total .- 12, U 27,4 60.3 . - 100
$76, 025, 0 $6,167.0 $20,200.0 $102,392, 0
74, 6.0 C 19,7 0
1,021.8 i 14,8 296.0 1,332.3
76, 11 L2227 100
931.6 54,5 223.0° - 1,209,1
77 ¢ A5 .- 18.4 100, -
223,220.0 3,396.0 66,858.0 = 293,474,0
76. RN 22.8 . - 100

" Note: Data on number of systems s for the year 1965, Grass plant investment and installed capacity are as of Dac. 31,
1968. Kilowatt-hours generated and kilowatt-hours sales to ultimate customers and for the calendar year 1968, - -

Source: Remarks by Chairman John N. Nassikas of the Federal Power Commission befare the 23th annual hieeting ofthe
National Rural Electric Cooperative Association, Feb, 11,1970, . ) -

Users of electricity”

, The 1.3 trillion kilowatt-hours of clectricity generated by the
" electricity industry in 1968 brought an income of $18.5 billion from
‘the ratepayers. Sales to ultimate customers of 1,202 billion kwh

. Billion
- kilowatt-hours. -~ Percent,
Residentiai or domestic_- I T
Commercial and industrial. o TR L 6B
Altother ... 80, ) |
' : L2 o 10

Source: Statistical Absiract of“fthe United Statesﬁ, 1969, p- 5186,

N
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- The number of customers totaled - 68.7 million, of which 61.4
million were residential or. domestic and'8 million were commercial or
industrial. .- . : -

Electric utility sales ‘

An insight into the industry’s expectations for future sales may be
had from the.20th annual elcctricity industry foreccast by the trade -
journlal Electrical World, published in its issue of September 15,

7 1969. '
. It shows a doubling of sales from 681 billion kilowatt hours in 1960
A to 1,395 billion for 1970, and projections of 2,012 billion for 1975 and
4,030 for 1980. Of the four categories of users—residential, commer-
: - cial, industrial, and other—residential uses are increasing the most
. rapidly. Table 31 summarizes the uses for 1960 to 1985.

. © TABLE 31.—ELECTRIC UTILITY SALES
o {Billion kilowatt-hours]

Residential Industrial  Commercial Other Total
195.6 344.1 114, 4 27.1 681.2
208.2 346.6 134.4 29.4 718.6

225.5 373.0 142.6 3.6 773.7 i
240,7 387.4 165.9 3.1 828.2
261.0 408, 3 -182.9 35.4 887.5
279.8 432,2 201. 4 36.8 950. 4

305.4 463.8 225.1 41.4 1,035.6
" : - 330.2 484.7 2417, 46.9 1,103.5 o
) i 73662 T7517.3 264,277 50.6 1,198.4 ~

< 402.0 567.3 290.0 54.5 1,303.8
T 3 ¢ 440.0 5885, 2 311.0 58.8 1,395.0
b 481.0 621.0 332.0 . 67.7 1,506.7
i 524.0 662.0 363.0 70.7 1,619.7
g 569. 0 705.0 390.0 77.2 1,741.2
3 615.0 750.0 420.0 86.8 1,871.8
660.0 800,0 - 450. 0 102:2 2,012.2
. 8700 . 1,160.0 -+ 620.0 130.0 2,880.0
1,400.0 1,580.0 860. 0 '190. 0 4,030. 8

Source: Electrical World, Sept. 15,1969,

These forecasts do not attempt to anticipate effects of new demands
for electric vehicles, automation, and further mechanization of manu-
factures and electrification of major trunklines and commuter lines of

v .. railroads: . - B T ST

) - Residential sales e B

-~ Because residential sales of electricity are increasing so rapidly and = =
- . 'soimmediately, and directly affect the standard of living, they warrant | - ;

ety

special attention. . C L o

Residential sales of electricity by the utilities continue to be the i
fastest growing market. Sales for heating and air conditioning are in-
: « creasing rapidly. At the end of 1968 there were 3.4 million cleetrically
 heated homes in the United States. By 1990, the Federal Power Com-
‘ '+ mission expects this number to'be 25 miilion. Some utilities found
e Tl A U ~during the summer of 1969 that as much as 25 to:35 percent of their
N B _o..peak loads were attributable to.air conditioning or other weather

. related needs. -~ . T T N A

E

. " 1Walter D. Brown, “20th ‘Annual Electrical Industry Forecast,” Elcctrical World, vol. 172, Sept; 15, S !
. 1969, pp. 85-98. Lo . :

" Qo 46-366 0—70——6
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The “Electrical World” forecast shows residential sales to have been
about 30 percent of total electricity sales during the 1960’s. “Elcctrical
World”’ expects them to increasc to one-third of the totsl by 1975,
Elcctrical heating i the fastest growing component of residential
sales. The indust® * al for 3.6 million all-clectric homes is expected
to-double to 7.2 1. by 1975 and to double again to 14.4 million in
the following 5 years. If these goals are attained, electric heating would
increase from 22 percent of residentinl sales in 1969 to 27 percent in
1975 and to 40 percent by 1980."

In 1969 the utilities expected to have 61.6 million residential cus-

tomers, an increase of 20 percent in' 9 years. New customers in the

1970’s are expected to bring the total to 68.4 million by 1975 and to
75 million by 1980. :

From 1860 to 1969 average annual use by residential customers
increased from 3,851 to 6,550 kilowatt-hours, up 70 percent. This com-

bination of higher usage and new customers more than doubled resi- -

dential sales m the 1960’s. By 1975 the average residential usage is
expected to -reach 10;000 kilowatt-hours. o ‘
he average annual residential bill in 1969 was $137. It is expected

to approach $200 by:1975. The residential market should produce

" revenues of more than $8ibillion for 1969 and over $13 billion for 1975
as residential sales approach a forecast 660 billion kilowatt-hdurs in -

that year. ‘ :
Table 32 gives historical and projected figures on residential use for

the years 1960 to 1985,

TABLE 32.—AVERAGE’RESIDENTIAL USE AND RESIDENTIAL SALES

Useper - o Residertial

Yeaf-end customer sales (billion Res'i‘dential

Lo

k ‘ customers - (kilowatt- . Average kilowatt- revenue -
Year | . (millions) hours) . - annual bill hours) _(millions)
5.3 3,851 $95, 12 © 0 195.6 $4, 831
52.4 4,016 98. 39 208, , 090
- 53.5 4,257 102, 59 225, 5 5 389
54.9 4,440 105. 23 240, 7 5,693
§6.1 4,703 108. 12 261.0 £-010
1574 4,933 110.93 279, 8 v, 285
)58 6 5,263 11526 .- 3054 6, 693
© 59, 8 5.575 120. 42 - 330.2 7,145
61, 2 b, 056 128.39 - 366.2 7,697
»61:6 6, 550 137.55 402.0 8, 442
S €30 7,060 148,26 440.0 9, 240
“ 640 7.580 158.47 481.0 10, 062
- 652 8,110 168.69 " ..7524,0 10, 899
66,4 ; 2,640 178:85 . 569,0 11,778
-67.6 -, 9,180 188.20° 615, 0 12,607
68.4 9,730 . 197.52 660.0 13,398
75.2 12,890 - 250.70 . - 970.0 18,721
81.8 17,240 - ... 315,50 © - 1,400.0 . 25620
M . . v . 9 " - Ao
Source: Electrilal World, Sept. 15,1969, p. 90.. I O

~ "PATTHRNG FOR 1980—THE FPC- FORECAST OF 1964

_ In its 1964 survey, the FPC described what it thought the pattern.
{for generation and trausmission of clectricity would be. by the year -
-"1_980;~Wh&t~.fpllows; is

summary of the FPC’s expectations.” "

1 Walter D. Brown, op. eit., p. 89

T
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Projected'mpacity . :
Table 33 shows the projected makeup of the generating capacity
required in 1980 by sectors and in summary for the U.S. fossil-fueled,

‘steam-electric plants that then are expected to provide about 67

ercent of the needed capacity, of which about 17 percent is shown to

e at mine-mouth. Nuclear power was cstimated to form about 13
percent of total capacity with the larger amounts in the Northeast and
West sectors. Conventional hydro would contribute nearly 15 percent
of the 1980 requirements and pumped storage hydro and other peaking
sources would provide the remainder. Regionally, the Northeast and
the South sectors accounted for about 35 and 32 percent of the U.S.
total, the North Central sector 15 percent, the West s~stor 18 percent.

TABLE 33.—ESTIMATED U.S,1 GENERATING CAPACITY, 1980

lin gigawatts 3]
. -~ Nosth- -
: i Northezst South central West )
Generating capacity . secka sector secr% sector Total Percent
Hydroelectric: - : R
R1966. . .. e 6.7 10,2 3.9 21,8 42.6 8.2 :
Arded 1957-80 2_ : 3.5 6.8 C.2 22,7 33.2 6.3
Total._..... eenen 10.2 17.0 4,1 44.5 75.8 14.5
Fossil fueled steam: ) R .
Atload center: ' ’
830 . §7.4 21§ 18,9 1.2 28,9
- L2 14.8 7.0 RN 21.8
1086 . .36.7 2.9 2650 50.7
4.5 2.0 -5 2.9 4.0
18.9 180 5.0 65,7 ‘ 12.6
N 2.0 . 557 85 166
S0 .3 15 2.6 0.5
3.4 10.0 18,4 67.1 12,3
13.4 10.3 19.9 69.7 13.3
1 4 0 L1 2
40 20 L0, 7.9 3.4
a 4.1 2.4 Lo 19. ¢ 3.6
Other peaking; - :: ; e EE ‘ E ]
11966 . ;. 5. L4 2 . 243 .8
Added.1967-8032, RO SRR [ R A T .5
. Total..... 26 22 180 .2 6.9 13
: 82 . 7 . B9 . g - 227 . 426
104.7 %.0 465 . 54,1.- ° .300.3° 5.4

V1809 61687 4764 4970, 4530 1000

1 Excludes Alaska and Hawail; also excludes imports from Canada,
“1 Additions less retirements. - - s S .

3 Millions of kilowatts, ;o ' . ' C . ' o

4 The capacity provided for each sector takes inte-account diversity savings, potential imports from Canada, and the rel-

ative difference in reserve requirements for, hydroelectric and thermal capacity.
Source: National Power Survey, pt.1, p. 215,07 vl 7wl e
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The FPC studies revedled several trends for 1980, the concentration
of hydroelectric resources in the western and southern scctors, the
-concentration of added nuclear projects in the coastal areas, the
continued major dependence on fossil fucl steam-clectric generation in
the central areas of the Nation, and the moderate demands for peaking
resources in the form of pumped storage and other special peaking
facilities. In terms-of generating capacity to be added from 1967 to

1980, hydroelectric plants were expected by the survey to provide 11

percent of the total, fossil-fuel plants 60 percent, and nuclear plants
22 pereent. . BT . .

From the data presented in table 33, FPC concluded that nearly Lu
percent of the total capacity installed in 1980 would be in thermal
plante to be placed in service after 1966. Most of  this capacity was
judged to be supplied from units of 800 megawatts and larger. The
projection inclides some 135 units of 1,000 megawatts and larger (up
to 1,600 mw.) with a total capacity for the Nation of 154,000 mega-
watts. About 40 of these are nuclear-power units. Most of the smaller
units ranged below 400 megawatts and were accounted for by existing
units which will remain in <orvice through 1980 and by some units in
the smaller sizes currently on-order. :

“The selection of this high proportion of very large units is consistent,
FPC believed, with the goal of the ldvest possible cost of power. A
key element in accomuiodating these large units in thc Nation’s
medium-and smell-size systems will be the existence of sirong inter-
connections that were expected to be achicved by 1980.

For new gencrating capacity utilizing fossil fuels, it was expected

that coal, oil, and natural gas would share in the supply approximately
in the proportion of 75 pereent, § percent, and 20 percent, respeetively,
The geographic distribution would be much the same as in 1964, with"

oil generally limited to tl,l"e_‘ coastal areas where other fuel costs are

higher, with coal predominating in the heavy-load areas surrounding

the-extensive coal ficlds in'a broar east-to-west belt from Pennsylvania
to Arkansas and in certain areas in the West, and with natural gas us

the leading fuel in the load areas bordering the large gas fields in the

Southwest. © . =

Qost of generating electricity . - ' S o )
- The anticipated cost’of generating and transmitting bulk bascload
power to load centers using the facilities expected to be available
between 1975 and 1980 is summarized in table 34. The:costs for_three

~“-alternative power sources as estimated by the FPC survey ‘ave indi-.
“cated: where appropriate; namely, power from fossil fuel and nuclear
plants near the load centers-and power transmitted to load centers

- from mine-mouth plants. .

A significant factor is that bulk power was expected to be uvuilubie .

ot load. centers throughout the country at a maximum. of 5 mills per
kilowatt-hour with private financing. = . s [
Mine-mouth gemeration '~ . - S
The general locations of new mine-mouth plants which may become

J‘j“

- part of the power. generation' program by 1980 is-suggested in

table 33. As observed In table 34,.the cost of minc-mouth generation

‘plus transmission is'in‘many instances closely competitive with gener-.
rs. Hence -the:amountof mine-mouth .capacity

. ation. at-load. cent




{AFullToxt Provided by ERIC

e billion.

77

projected by. 1980 was regarded only as illustrative, reflecting then
current FPg judgment as to the future status of a competitive situa-
tion in wizich the balance is constantly subject to change. The survey
projected that about 25 percent of new gencrating capacity needed
by 1980 would be mine~-mouth plants. The influence of mine-mouth
generation on the economy of future power programs extends beyond
1ts contribution us o gencration source per sc. Its competitive mflu-
cnee will be a factor in almost all decisions on new capacity and has
done much to advance the development of EHV transmission tech-
nology and competing forms of energy~transport such as the unit
train movements of coal and the coal slurry pipeline.

TABLE 34.—ESTIMATED: 1975-80 COST OF BULK. POWER GENERATED: AT LARGE BASELOAD
_ THERMAL STATIONS DELIVERED TO LDAD CENTERS! _ .

O =D O O~ O W LI LD LD 14 N N3 = 00 X3 P 0O LN LN DD

Conveniional steam plant Nuclear plant
Mine mouth © Load néater - Load center

. Energy ) Energy Energy

T mills/ ) mils/ mills/

Load center—No. and Name Unit size mw kwh Unitszemw - kwh Unit size mw kwh
1 Boston_ . eeerans - 1,500 5.7 1,500 5.3 1,000 4,
2. New York__ 1,500 49 1,500 4.9 1,000 4,
3, Buffalo_._..__ 1,500 4.7 1,000 4.0 1,000 4,
4. Philadelphia___..._..__ 1,500 4.7 1,600 4.5 , 000 4.
5. Washington-Baltimore._. 1,500 4.5 1, 500 4.5 1,000 4,
6. Cleveland_._____.____._____._.___ 1,500 4.9 1,000 4.5 1,000 3.
7. 1,500 49 = 1500 45 1, 000 3.
8. Saginaw-Bay City_...____. 1T . . N, 1,500 4.5 1, 000 -3,
9, 1,500 3.8 1,500 3.8 1,00 3.
10. Winston-Salem........oooeeio oo il I, 11,200 5.0 1,000 4
1. 1,500777°730 1,000 3.4 1,000 3
12. 1,500 . 2.8 1,000 3.0 1,000 3
13. 1,000 4.7 1,000 46 1,000 4,
14.. 1,000 ... . 1,500 4.8 1000 3.
15. 1,000 571 21’000 4.8 1,000 3,
16. 1,500 4.4 1,500 4.2 1,000 4.
17, Minneapolis. ... . ... ... Namosenm e omaza 21,000 4.4 1,000 4
18. 'St bouls .- 7o 1,500 3.6 1,500 3.6 1,000 -4,
19. Fort Worth-Dallas __. ?;MD 4.4 41,200 3.7 600 5.
20. Houston-Galveston._. .. ... .____....___.__ e e 1,500 | 3.5 600 4
2] L ..l om 4.4 1,000 3.8 600 5.
2, NewOsleans...___. . il eiieiieaenn. 1,000 3.7. 600 A
23. Denver__.._.. 11,000 -~ 4.1 21,000 4.1 © 600 4,
o2, AIbuiiicg;.:;ue... 1,000 4.3 1600 . 4.4 600 4
25. Seattie-7acoma 800 5.0 1,000 5.3 800 4
26. San Francisco.. 1,500 6.2 1,50 - 4.9 ‘1,000 . &
21. Los Angeles. 1,000 5.5 1,500 5.0 1,000 -4,
28. Phoenix 1,000 . 4.9 21,200 46 600 5.

! Includes producticn expenses, fuel, transmission expenses and the ﬁxpgi_i:hz‘r es generally a plicable to the region in
which the particuiar plant is located, on production and transmission facilities Estimates based on large-unit, seasoned

- plants of 1 to 4 units Estim *~~ assume no price escalation Assumed plant factors are 70 percent for conventiona| steam

plants and 80 percent for  :ar plants.
2Single unit plant. "~ e

Source: Natiorial Powet Survey, pt 1, o, 219,

" . AT & -

‘Size of generating umits . .

For purposes of the survey, the additional generating units estimated

efficient sizes expected to be availble.

- to bé required for 1980 were selected from among the larger and more

| “FINANCING GROWTH' OF TEE ELECTRIC INDUSTRY -
: PreSent]y the electric industry is the Nation’ s largest s:ihg'le!ddmes. fe
industry .in_terms of ‘captial investment which now. exceeds $100
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To meet projected growth, tlie electric utilities—investor, publicly
and cooperatively owned—must raise $350 billion in new capital by
1920. By contrast, since 1882 the total industry investment has been
just over $100 billion. ~ .

For 1969 utility captial expenditures for generation, transimission,
and distribution were $10.6 billion and are expected to reach $12.6

“billion for 1970, an increase of 19 percent. This is double the $6.3

billioi1 putlay by the industry in 1966. : )
The tavestor-owned segment is expected to spend almost $10 billion,
or 79 percent of the total!

For 1970, generation facilities represent 53 percent of the anticipated

total captial outlays and amount to $6.6 billion. Of this, fossil-fueled
plants are expected to require $3 billion, up 11 percent from 1969;
nuclear plants $2.3 billion, up 57 percent over 1969; and for water-
power, $905 million is forecast, with $196 million of this for pumped-
storage installations, Table 35 gives total electric power -wsiem
capital expenditures as compiled by Electrical World for the years. 1959

to 1970. , .
TABLE 35.—TOTAL ELECTRIC POWER SYSTEi! CAPITAL EXPENDITURES

{iu miltions of doltars]

Gereration Transmission Dislribution Miscellaneous Total

. Tofal Investor  Total Investor Total Investor Total Investor  Total  Investor
industry owned industry  owned industry owned - industry owned induslry owned

1959 . 2,369 1,519 708 554 1,413 1,163 180 146 4,669 3,383
1960_ . 2,226 1,342 715¢ 537 1,565 1,300 183 152 4,690 3,331
19610 2114 1%7 764 579 1,550 1,265 180 145 4,608 3,256
1962, .. 1,693 1,078 792 609 1,593 1,306 ‘193 162 4,271 3,154
1963. . 1,721 1.165 837 644 1,568 1,323 230 187 4,357 . 3,319
19640 1814 . U3 1,047 824 - 1,688 1,424 252 189 4,801 3'55)
1966 . 1,941 1,300 1,181 940 ‘1,861 1,585 269 202 5,254 4,027
1966, 2,619 1,788 1,417 1,137 - 2108 1,770 302 23 6,345 4932
1957 . 3,40 2, 1,614 1,322 . 2,347 1,976 338 267. 7,78 6,112
1963 4,255 3,189 1.099 1,5 2,564 2,134 383 31 9,100 7,140
. 1969 5,295 3,992 1,%38 1,854 2,872 2,421 389 321 , 954 294
(19702 6,646 5162 \ 1,773 3,119, 2,627 506 47 12,562 9,979

1 Contiguous United States, : . )

2 Prospective, ‘ la /

Note: Totals may not add due to rounding. . ‘ ’ ¢

Saurce: Electrical World, Feb. 2, 1870, p. 47,

Paiterns of capital expenditures ;
According to a survey of Electrical World magazine, capital invest-

ments in generating facilities are outstripping those for transmission

and distribution. It estimates outlays for the year 1970 of $11.6 billion,

~including $5.6 billion for genvraticn, $2.5 billion for transmission, and

$3 billion for distribution. The s %y forecasts o capital expenditure
" » the year 1980 of $18&:8 billion; jumping to $27.4 billion in 1985,

. would be more ‘heis twise that anticipated for 1970. Tuble 36
grves the figures fot ‘the pers 60:through 1985 and shows the rise in
capital expenditures from: sial figure of $4.7 billion for 1960 to the

! Estianalus of Electrieal Woyld based on, replies to its 86th annual survey of utility construction and
expenditvrcd, Aucording to' this journal, vepikes to the survey came from utilities representing 95 percent
of the industry’s generating capacity and 87 percent of all eustemers served. See 1970 Construction Spend-
ing To Riso 12 Percent,'” Electrical World, Feb. 2,1970, pp. 46-50." < . . .. .° O




79

TABLE 36.—~CAPITAL EXPENDITURES IN THE ELECTRICITY {NDUSTRY, 1960-85

i ‘ [in milfions of dalars]

Year - Generation  Transmission Distribution  Miscellaneous Total
2,226 715 1,565 183 4,690
2,114 7 1,550 180 4,608
1,693 792 1,593. 193 4,211
. 1,721 837 1,568 230 4,357
1,814 1,047 1,688 252 4,801
1, 941 118! 1,861 269 254
2,519 1,417, 2,108 302 5,345
3,490 1,614 2,347 380 7,830
. 4,255 1, 804 564 383 9,101
5,200 2,200 2,880 472 10,752
5,590 2,500 3,080 500 11,670
6,380 , 500 3,300 540 12,720
6,030 2,400 2530 580 12,540
5,820 2,400 5750 620 12,530
6,090 2,700 3,980 660 13,430 -
! 6,650 3,000 4,200 700 14,550
9,020 3,900 5.0 900 18,820
13,590 4,700 7,000 1,100 27,390

Source: Electrical Werld, Sept. 15, 1969, p. 93.

Sources of capital ' S :
Until the carly 1960’s, the investor-owned utilities obtained most
of their funds for construction from the sale of new security issues.
Since- the early 1950’s, however, internally generated funds have
supplied an increasing share, drawing upen retained” earning, depre-
ciation and amortization, and deferred taxes. By 1962, nearly 60 per-
cent of the investor-owned utilities construction funds were internally
generated. Amortization and depreciation in 1962 supplied 40 percent
- ol !t\hc,,‘g%}u‘;s-;replacing new debt issues as the most important single - : -
‘ soiirde of funds. Table 37 shows the shifts which have taken place in- ‘
major sources of construction. funds since 1250. The overall capital S m
structure ‘of investor-owned systems in 1964 consisted of approxi- -
N mately 53-percent debt, 10-percent preferred stock, and 37-percent
common stock and retained carnings.! ' '

TABLE §7.——SOURCES oF _CONST_ﬂUCTION FUNDE;', INVESTOR-DWNED ELECTRIC UTILITIES. 1950-62
P " SR tnpercent] |

'

. ~ Swree | - 1950 1954 158 - 1982

;

SECURITY. ISSUES

Cﬁm'inoh stock

. 2.6 1.5 5 8
¢ Preferred stock.. ... 85 6.7 6.6 4.4 -
; Debt-...... ST <330 4.6 38.2 2.7
' Toal seeurities. ... ...t ool - 6.1 65.8 50.3 40.9
) . INTERNAL FUNDS . ‘
. Retained earnings..._.._.. e e " 1.8 6.2 8.6 14.0
X Deferred taras...____. aeeeenn s 4.5 5.9 3.9
_ Depreciatian’and amortization . ... ... . 3.5 8.2 . 4.2 :
¢ Total internal funds. ... eooowiceeineens 329 ¥z a7 5.1 *
P 100.0. . 1000 100.0 100.0 .
Total construction funds (in millions of dollars)... 1,920 2,950 3,794 . ..3,360

. Source: Natignal Power Survey, pt. 1,p. 22 .
! .1 Natlonsl Power Survey, pt. 1, p. 1. . . - : . L v
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Publicly owned systems generally obtain their capital investment
funds from power revenues and by seliing debt sceurities in the puhlic

market. In the past, such securities were often general credit obliga-

tions of the body of government. More recently, according to the
Federal; Power Commission, the emphasis has been on revenue bonds
issued by the utility system itself, payable from revenues alone, and

.not backed by the general credit of the Government or by a lien on

physical properties.' Interest on the debt securities of such loeal
agencics are exempt from Federal income tax and in most jurisdictions
from State income tax, which gives them a tax advantage over abt
securitics issued by investor-owned systems.

Only a smail portion of the capital requirements for the coopera-
tively owned systems ‘is obtained from their membership. The re-
mainder is provided largely by long-term mortgage loans from the
Rural Eleetrification Administration. Interest on such loans i author-
ized by law at 2 percent annually. Under present law, courts have
held that the cooperatives are not liable for Federnl and State income
taxes. Most cooperatives, however, do pay varying State and localé
taxes.2 : - : ‘ i
Egternal financing .

Although much of the financing for future construction is expected
to come from internal sources, the funds to be raised from external
sources will ®¢ appreciable. Thus the investor-owned part of the indus-
try will hav« to go to the financial market to raise some $6.5 billion
n 1970, These funds must be raised in a market where interest rates

‘now are between 8% and 9 percent, the highest level in the past 100.

years. S .
Besides borrowing at such rates for new plants and equipment the
investor-owned utilities soon will face the refunding of bonds that
were sold in the 1940’s at low interest rates. Such refunding at today’s
much higher rates will inerease the cost of generating electricity.s

FINANCING THE ENERGY INDUSTRIES

The oil, coal, natural gas and uranium industries also require capital
to expand their production of fucl materials to meet the nceds of the
clectricity industry.”While this report has 1ot explored the capital

, Tequirements of ‘the fuel industties, it scems evident that companies
Jn this part of the energy business will have to compete -with the
clectricity industry for probably scarce capital funds m the 1970,

1Ibid., p. 24. )
2 Ibid., p. 26, .
341970 Construction Snending To Rise 19 Perc mt,” Electrical World, Feb. 2, 1970, p. 46, -

b et L
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TRENDS IN THE ELECTRICI’I‘Y InpUsTRY

Both the availability of clectriqity and its environmental effects
are Intertwined with prospects for its future growth. At present most

- experts are predicting a continuation of the historical rate of growth

of the industry during the last 30 years of this century. How emerging -
cconomie, technical and environmentel developments will affect the
validity of these projections is far from clear.

‘PROSPECTS FOR GROWTH~—1964 B!

The National Power Survey’s projection in 1964 visualized an in-
creasing dependence upon electricity as a source of energy in American
life. Tt also endorsed the philsophy of maximum growth for the elec-
tricity industry, to be encouraged by reductions in rates and improve-

ments in serviece;

One of the most encouraging aspects of the National Power .Survey is the evi-
denee it provides of a commitment by o growing number of power systems in
the industry, to a farsighted philosophy of maximum growth encouraged by
reductions in rates and steady improvement in service.! ‘

The survey projected generation of an estimated 2.8 trillion kilo-
watt-hours of clectricity by 1980, or slightly more than three times
thati for 1960. The projected increase from 1964 to 1980 was put at
200 percent, in comparison with the estimated rise of about 40 percent
perhaps 95 percent.in otr gross national product.

Implicit in this growth DEgjection is a'rise in the per capita use. of
electricity from about 5,400°kilowatt-hours in 1963 to 10,600 kilowgtt-
hotrs in 1980. In comparison with GNP, the increase would be 1.7
kilowatt-hours of electricity per-dollar of GNP in 1964 to 2.6 kilowatt-
hours in 1980. This projeeted increasé implies more rapid growth than

"in the Nation’s population during these 16 years and an, increase of

would result solely from population or income growth. The' projection -

assumes & continuation of the marked intensification in the Nation’s

use of clectricity.

CURRENT PROJJECT‘IONS' OF ELECTRIC POWER REQUIREMENTS' E

- The Federal Power Commission clearly expects the historical annual
growth rate of 7 percent for electric power eonsumption—with its
doubling time: of 10 years—to continue’ .arough the 1990's. On this
basiz, electric energy requirements are expected to increase almosé
fourfold within the next 20 years.from 1.52 trillion kilowatt-hours in
1970 to 5.83 trillion in 1990, an increase of 284 percent.? During this
period, the total peak demand is expected to iucrease from 277
million kilowatts in 1970 to 1,051 million kilowatts-in 1990, on in-

crease of 279 percent. By theyear 2,000, it is roughly estimated that
- the Nation’s clectric encrgy requirements will reach 10 trillion kilo-
watt-hours, - ‘ R :

1 National Power éurvey, p. 35. : i . o W
? For the 25-yesr perlod 1965-00; the increase would be from approximately. 1 trillion to 5.8 trilllon, an
Increase of 450 percent in'a quarter of a century. R e : .

(81)
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These projections are based on historic growth rates and growth
projections made by electric utility systems and by the staff of the
Federal Fower Commission. According to the FPC, loads are pro-
jected for each of the 48 power supply areas of the contiguous United
States taking ‘into consideration such factors as aren population
growth, anticiputed arean ecenomie development, trends in family
formations, everage energy consumption per customer, disposable
family income, and innovations in domestic and comme ~ial uses of
electricity.

While much of the basic growth in clectrie loads will be associated .
with increases in population® and general cconom’e expansion, FPC
expeets such trends will be accentuated by the continual upgrading of
electric use by individual customers and by the redevelopment of
large segments of metropolitan centers. Modern construction inherently .
. uses more electricity. 1t is difficult to project how new- appiications
. may affect future loads, but future innovations and improvements
= may include such possibilities as large increases in night lighting of -

streets, highways, and outdoor recreational facilities, electrification of
railways, expansion at urban rapid transit systems, and use of electric
industrial vehicles, fleet vans and incity passenger vehicles. ,

Factors that could ‘accelerate the requirements for electricity-such
as & large-scale use of eclectric vehicles, or that might decelerate the
growth, such as increased costs of generation, shortages of fuel or -
plant, and public reaction to adverse environmental effects apparently -
are not taken into account. : ‘

CURRENT FORECASTS OF GENERATING  CAPACITY

~'In order to meet the estimated’ 1,050 million kilowatts of power
.demand in 1990, the clectric utility industry will need to install nearly
: - 1 million megawatts of new capacity. between 1970 and 1990. Tenta-
. tive projections of the staff indicate that about 40 percent of all power :
installed in 1990 will be nuclear power, about 45 percent will be from ;
steam generating plants fired with fossil fuel, 7 percent will come from ;
conventional hydroelectric installations and about: 5 percent from
Eumped storage hydroelectric projects. The remaining 3 percent will
e supplied by gas turbines and internal combustior .ngines, prin-
i - cipally.*he former. o ‘ : » A
i By ¢-unparison, for the year 1970, 76 percent of the eleciiicity will
come from fossil-fuel, 15 percent from water, 5 percent from gas
! _ turbines' and internal combustion engines, § percent from nuclear - .
‘ " and 1 percent from pumped storage. ., ‘ e ‘
For the near future, scheduled new additions of electrical gencrating
- capacity. - through 1973, based -on scheduled dates of commercial
operation as of July 1, 1968, totaled 136.4 million. kilowatts, an-in-
crease of ‘50 percent in 5% years. This increase includes 123.8 million . -
kilowatts in steam-electric plants with 45.7 miilion of this in nuclear
powerplants. By 1972, ‘the annual ~cheduled additions of nuclear
o capacity is expected to exceed additions of fossil-fueled capacity.? =

.-

~

1 Increased population, however, would account for only 20 percent of the irerensed nower consumption;
Science, Jan. 9, 1970, p. 159, . . : : e

? Testimony of Carl E. Bagge, Federal Power Commission in *Environmental j.vets of Producing. .
Electgéc Power,” hearings before the Joint Committee on Atomic Energy, 91st Cong,, 1st sess.,. 1969, pp.

-~ MC. R
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‘The projected growth of the electric utility industry during these
next two decades muy entail the construction of about 40 new hydro-
electric installations of 100 megawatts or more, approximately 50 new
pumped storage hydroelectric installations of 300 megavatts or more

- and about 90 fossil and 165 nuclear steam-electric plants.

To illustrate what these projections mean for one part of the country,
the Northeast Regional A(}Visory Committee to the FPC estimated the
generating capacity needs for 11 Northeastern States.! v

Between now and 1990, the power industry in these States must
build about four itmes as-much electrical generating capacity as the
industry has provided thus far in its 80-year history.%ased on current
Eractice, this undertaking will require an investment of abnut $50

illion for generation, transmission and distribution facilities.2
Table 38 summarizes the projected electric power requirements and’

- projected forms of power development for the period 1970 to 1990 and

«#:cludes, for reference, the load-supply situation that existed in 1965.

TABLE 38.—ELECTRIC UTILITY REQUIREMENTS AND SUPPLY,t 1965-90
[in millions of kilowatts]

1965 - 1968 1970 1980 . 1990
Energy requiremsat (trillion kilowatts)..........._. 106 e 1.5¢ 3.0 - 5.83
Peak demand_.....ocooiomiiiiieiiiiiae. 188 . ... il 558 1,051
Total installed capacity 2. 236.1 271.4 3440 668 1,281
Hydroelectric capacity_.__ [ ) O A 51.4 68 83
Pumped storage r,apacltg..... 1.3 3.6 2% 65
Internal rambustion and gas t 4.9 . 16,2 27 42
Fossil steam capaicty_..._..._. 187.5 . 261.2 399 562
Nuclear capacity. . S o 1.6 2150 - 509
Capacity dependent on cooling water. 188.2 . 272.8 543 1,01

1 Excludes Alaska and Hawaii.
2 Does not add up due to rounding. . .
3 The Atomic Energy Commission projection ranges from 120 to 170,000,000 kilowatts.

PRICE AND COST OF ‘ELEC’I‘RICI’I‘Y

A principal cause of the extraordinary growth i use of elestrical
cnergy has:bcen a long term downward trend in price. Whether this
price trend will continue, however, seems doubtful.

The Federal Power Commission in 1964 proposed a price target of
approximately 1.2 cents, or 12 milis, per kilowstt-h¢+ir by the year 1980
as t!ze combined average retail price for all residential, commerciai, and
industrial sales of electricity.- Comparable figures were 1.5 conts per
kilowatt hour in 1968, 1.7 cents in 1962, and 2.2 cents in 1940.3 If such-
a target is reached, the FPC estimated: the annual savings to rate-
payers at $11 billion per yesr in 1980. The tot&l electrie bill in 1962 was
$14 billion; FPC estimated it at $30 billion for 1980, taking 'into
account the $11 billion savings mentioned -above. The total annual
revenue of the electricity industry exceeded $20 billion in 1969 and is

‘expected to do so again'in 1970. <

Most of the saving would be achieved through a continuing cycle of

. lower “unit costs of producing and transmitfing electricity” brought
" abgut hy larger, more efficient facilities whose low cost electricity.
‘would -encourage still greater use, thereby creating a cycle of con-

tinuously interacting cause and effect.

! Vermont, New Hampshire, Connecticut, Rhode Island, Massachusetts, Delaware, New Jersey, New
York, Pennsylvenia, Maine, and Maryland. R . : .
+ 2 Testimony of Johin N. Nassikas in “Environmental Effects of Producing Electric Power,” op. cit., p. 35.
-3 Natfonal Power Survey, pt.1,p.6. .. ' PR . j . B g PR
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Regional variations in the price of electricity for 1962 and projected
to 1980 appear in teble-39. They range from 8.7 mills per kilowatt-hour
for the Northwest to 21.8 mills for the North Central Region in 1962.

Against this background of a historical downward trend in the costs
and prices for electricity, the FPC emphasizes that the phenomoenal
growth in the use of this energy form in the United States is due largely
to technological progress that has made electricity one of the best
bargains available. The long-term trend of clectric rates has been
downward even in the face of inflation. To achieve this price goal of
12 mills per kilowatt-hour in 1980, the FPC urged more planning
together by the power systems " r cost reduction. In particular joint
ventures are needed to benefit rom the cconomies of scale of very
large powerplants. -

* * % The cconomies of scale in large generating units coupled with low cost
energy trensportation suggests that individual power systems should join together
in constrieting new capacity cither through joint projects or by staggering their
cuistruetion programs.! :

TABLE 39.—"7ICE OF ELECTRICITY BY REGIONt
[Cents per kilowatt-hour]

X : i Percentage

Region 1962 actual 1980 projected reduction

1. Northeast__. 2,16 L51 30
1. East Central, 1.42 1.19 16
1. Southeast... 1.33 1.00 25
1V. North Centra 2.18 1.27 42
V. South Central.._ 1.84 1.16 37
VI. West Central_____ 2.15 1.48 3l
Vil Northwests. ... . . . C .87 .86 1
VI Southwest. i 1.73 1.44 - 17
US.average el l.68 1.23 21

~ 1Averags price per., kilowatt-hour sold to ultimate consumers.
2 Excludes Alaska and Hawaii,

Source: National Power Survey, pt. 1, p. 283.

THE IMPORTANCE OF LOW COST ELECTRICITY

From 1926 to 1968 as.the price of electricity declined from an aver-

age of 2.71 cents per kilowatt-hour to 1.55 cents; the Consumer Price
Index doubled. In terms of constant dollars, the price of clectricity in
1968 was less than -one-third that of 1926. During this period, the
per capital consumption of electricity in the United States in- ‘eased
about eight times, and the total revenue’of the electric power industry
about ninefold. RS S o
The abundaz:ce of electricity and its increasingly lower prize have

become importent to American economic well-being. Customer usage

has increased more rapidly than declines in unit eost. Accordingly, the
electric bill has become an increasing element of the family budget,
especially in lew income urban areas. The cost of eléctricity is often a
key factor in the planning of industries which are large consumers of

1Ibid,, p. 3.
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electric energy. The use of clectricity in meiailurgical and chemical
processing has continually expanded. Gverall, the econoniic welfare
of the Nation is becoming more sensitive to changes in the cost of
electricity than would have heen true 20 or 30 years ago. Some ob-
servers think it is doubtful that any marked increases in the cost of
clectricity cculd oceur without seriously affecting the, growth in
electric energy use and, secondarily, adversely affecting the national

econoiny. ,
COMPONENT COSTS OF ELECTRICITY e

The price paid for electricity ultimately must depend upon the cost
of generating, transmitting, and distributing this energy comnmodity.
The relative cost of generation, transmission, and distribution based
on 1 composite netional average in 1962 for all segments of the industry
is shown in table 40. These must not be considered as typical of most
utilities for there are likely to be substantial deviations because of the

individual differences among systems. For example, transmission costs:

are less than 4 percent of the total in New York City, but almost 20
percent in the low population areas of northern Minnesota.

Table 41 gives the actual components of power costs for the year
1962 and projections for 1980 and shows the reductiens that FPC ex-
Eected in 1964 would bring the 1980 rate down to 12 mills per kilowatt-

our. The dominant factor in these reductions, it should be em-
phasized, is the assumed continuing increase in per capita use of
electricity with an accompanying increase in cfficiency in generation,
_ trensmission and distribution. Table 42 presents in more detail the
supporting elements which were summarized in table 40. Note that
although total 1980 productions costs were expected by the FPC to
‘be 2.3 times those of 1962, the sales are expected to increasc 3.1

times—from 780 billion kilowatt-hours in 1962 to 2,433 billion in

-1980. Consequently, average production cost per kilowatt-hour would
decline from 8.5 to 6.3 mills per kilowatt-hour. Half of this saving
- would be in fixed charges on investment in geunerating equipment; 32
percent for lower fuel prices and the remaining 18 percent in operation
_ and maintenance. These savings, the FPC expects, will result from
coordinated planning, reduction in unused reserve capacity, use of
larger and more efficient generating units, lower fuel prices, lower

costs for large bulk movements of fuel and the introductiox of nuclear

pOoer. v - .
L ' TABLE 40~TOTAL DELIVERED COST OF POWER--1952
T [Compasition in percent] '
Fixed Operating

. tharges expenses Total cost
Generation.. ..o ... eill. 2.2 2:8 51,
Transmission_ ...l ...l 1.3 20 9,
Distribution. .l i 2.0 16.3 39.
S L A S T a1 100.

Source: National Power Survey, pt. 1, p. 26. " RN S -

ol oo,
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TABLE 41.—COMPONENT COSTS OF POWER SUPPLY1

|tn cents per kilowatt-hcur]

Percent of 1980  Percent of Percentage

Actual 1962 total  projected total  Reduction taductian

Generation. 0.85 51 0.63 51 0.22 26
Transmission. 7 10 7 M.
Distribution. _ . .66 39 .43 35 .23 35
Total__ ... 1.68 150 1.23 " 100 .45 27

2 Costs such as administrative and general expenses and the Shnual fixed charges on *‘General™* piant, not directly
assignable to these three components, have beer allocated thereto on the b_as:s of proportion of direct costs.

Source: National Power Survey, pt. 1,.pt. 27¢.

TABLE 42.—COMPOSITION OF TOTAL COST OF ELECTRIC POWER, TOTAL {INDUSTRY, 1962
: ACTUAL AND 1980 ESTIMATED -

1962 actual 1980 estimated
o Per kilowatt- Per kilowait-
. _ Total what sold . Total hour sold
. T (bitlions) o (cents) (billions) (cents)
Production costs (including imports):
Operation and maintenance expenses (axcept fuel) 1- $1.0 0.13 2.1 0.00
Fuel expenses. ... ... ... 1.9 .24 4.2 17
Fixedcharges2 ...l .. ... 3.7 .48 8.9 . .37
Total prasucton costs_ . ..o o .oooo.... 6.6 .85 15.2 .63
Transmission costs: .
Operation and maintenance expenses....._._.._.. .3 .04 0.5 .02
Fixed charges. Bl - 1.0 13 3.6 5
Total transmission costs 13 .1 4.1 g7
Distribution costs: : P
. Operation and maintenance expenses.. 2.4 .31 3.9 R
Fixed charges....___..__...______. 2.7 o .3 6.7 .
Total distribution costs_.. ..., - 5.1 .66 C 10,6 .43
Total costof powerd.___. ... . 13.0 1.68 2.9 1.23
Sales ta ultimate consumers—billions of kllowatt-hours. _ 3.7 oo 44330
. Number of customers (millians)é. . _.........._. B} 60. 6 T 86, 8
Average kilowatt-hours per customer__._-__ . 12,768 28,030
Total undepreciated investment in electric
[CILLELTT SRR 3$56.1 31727
Total investment per customer__...__ . . $1,091 $§1, 990
Distribution investmant per customer. $404 $630

" 1 Operation and maintenance expenses include allosated sdministrative and general expenses. .

® Fixed charges 2s used herein include cost of money (return on investment), depreciation and amortization and al! taxes

" including payments made in lieu of taxes, Fixed charges on general plant were allocated to “*Froductisn,* "“transmission’’

and_“Distribution."’ .
3 Total electric revenues from ultimate custemers.
¢ Average for year. .

Source: National Power Survey, pt. 1, p. €84,

However, the above cost cstimates do not begin to show the effects

~of added capital investrent and increased costs of fuel and operating
resulting from requirements placed upon the electriciiy industry o
reduce the emission of wastes to the environment. Thus, Dr. Lee A-
-DuBridge, science adviser to the President, recently testified befor
the Senate Committee on Government Operations that the costs of

electricity may have to be extended to include total social cost. He

said:

i
;
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1t may be that energy consumption is growing so fast in part because the prise

doces not include the full cost to society of producing and delivering it. I belicve
that efficient power production isjust as important as ever 10 our economic growth,

“but we delude oursclves and perhaps short-change futuie generations when the

price of electricity does not include the cost of the damagir:g impact its produetion
imposes on the air, water, &nd land. If the total social cost of electricity or other
products are included in its price, consumers will have the inherent ability to
consider the cffect of their decisions on the environment.! P

A PESSIMISTIC RECENT ESTIMATE

There is some pessimism, too, that costs and prices for electricity

have reached their low point and will begin to climb. Recently the
power engineer Philip Sporn estimated the costs-of generation—which

_are an appreciable part of the total cost of elect.rici't{f-—for approxi-

mately comparable nuclear and coal steam-clectric plants scheduled
for completion in-the. mid-1970’s. These - computations-are the basis
for his pessimistic forecast that nuclear power is retrogressing in its
competitiveness with fossil fuels, and that for the immediate future
nuclear power can only compete with coal that costs 28 cents per
million B.t.u. or more. Table 43 gives the details and shows nuclear
power ranging from 6.17 mills to 7.06 miils per kilowatt-hour.

In Sporn’s opinion, for many uses in our society, 7-mili electric
energy will be too expensive: . s .

Seven-mill nuclear pow:cr at the switchboard at 75 f)erccnt capacity factor is
simply not good enough to heat. water, to reduce alumina to aluminum, to smelt
ferroalloys, to desalt sea water, and to convert to clectricity the many other
en;:lrgty_' operations our socicty. needs.to have done so as to climinate environmentat

olltition. .
vancvitably, these higher costs bring about the unavoidable reaction in the

form of higher rates. Higher rates arc antidynamic.and growth hindering; they
retard. the conversion of our energy uses into the electrie’form.

TABLE 43.—COST OF ELECTRICITY FOR NUCLEAR PLANTS IN 1976 YERSUS COAL PLANTS IN 1975

Nuclear ! ~ Coal! "4Nucle4ar= Coal2
Fixed charges per year.__._. e, . $28.50 $23.88 $32.5 - $7.30
Fixed charges, mills per kilowatt hour. . 4,07 - 3.41 - 4,95 4.18
Fuel charges, mills per kilowatt hour_..______________: 1.70 32.19 L.70. . 32,18
Operating and maintepance mills per kilowatt hour.._. . .30 .30 2307 .30
_ Insurance, mills per kilowatt hovr.___..._. SR A0 e 1S § SRR T
. Total switshboard cost, mills per kilowatt hour____._.__ 6.17 5.90 .7.08 6.65
Ruclear competitive with fuel cost of ¢..._._.....__.__ $28.1 ... 529.7 i
" 1AL 14 percent, 7,000 hours per yéar. )
2 At 16 percent, 6,570 hours per year. .
 3At 25 cents per million B.tw, .~ o - )
4 At 8,750 hours per year. .
8 Cents per millon B.tw. - - [ . gt
Note: Capital cost, 1,200 MW Nuclear, $203.5 per KW.; 800 MW Coal, 170.6 per kW, - .

: e e : LA .
TECHNOLOGICA’L, TRENDS IN‘ THE ELECTRICITY INDUSTRY .

~ Several technological’ trends in the electricity industry may well .
-affect its future organization and operations and also.its economic and

environmentsl impacts. Three. such trends are the increase in._size of
clectric powerplants and generating units; the expectation that nuclear

" powerplants will' supply much of the electricity by the year 1990, and
1 Testiziony. béfore the Suﬁéoxﬁinliﬁeé on ;iitwﬁoﬁmﬁﬁhtal Wﬁqllat'lohs,_senﬁt‘a‘Cbiﬂm!t'te‘ajfod‘ Covgm- ‘
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the inereasing use of extra-high voltage transmission lines. The latter
is discussed in the section on transmission. Before discussing the first
two, the possibilities of magnetohydrodynamic generation of elec-
tricity (MHD) should be mentioned.

Magnetohydrodynamic generation of electricity

Despite recent atte: tion to the advantages of MHD, which if suc-
cessful coald convert substantially more of the heat energy from fuel
into clectrical energy, present prospeets are that it will not come into
cominercial use muech before the end of the century.! Therefore its
potential effeets are unlikely to be seen before the late 199G,

An increasing size of powerplants \
One particularly visible technological trend in the electricity indus-
try has been the increasing size of powerplants. See table 44. From the
mid-1920’s to the early 1950°s the largest stcam-clectric plants in
serviee had an clectrieal output of less than 200 megawatts. The first
modern 200 megawatt powerplant was placed in service in July 1953.
During the late 1950’s, 300 megawatts was considered a maximum
size. However, by 1961-62, units larger than 300 megawatts captured
almost 66 percent of the aggregate generating capacity purchased.

TABLE 44.—~MAXIMUM SIZES OF GENERATING UNITS IN THE UNITED STATES

[Tn megawatts]

Maximum turbine

.. 650.0
21,000.0

1 Represents a single unit, More typically, maximum prevalling sizes were 75 megawatls in 1930, 100 megav/atls in
1940, and 175 megawatts in 1950.
2 Under construction.

Source: National Power Survey, pt. 1, p. 14,

At the end of 1968 there were 140 fossil-fueled plants of 500 mega-
watts and larger, with 45 over 1,000 megawatts in output. The 15
largest of these plants ranged in size from 1,467 to 2,175 megawatts.
In terms .of incﬁviduul generating units, at the end of 1968 there
were 187 turbine-generator units in service of 300 megawatts capacity
and larger. The largest of this group was a 1,028 megawatt unit
installed in 1965 in New York City. The first individual unit over
300 megawatts was a 326 megawatt unit plnced in service 7 years
carlier, in 1958, at Waukegan, Ill. Table 44 shows the very rapid
increase in the number and capacity of large units over the 11-year
period 1958 through 1968. ' -

1 In 1ts report “MHD For Central Station Power Generation: A Plan for Action,;" the Panel on Mag-
netohydrodynsmics of the Office of Science and Technology In June 196% observed that although MHD
could greatly improve the efficlency of fossil fuel Fowerplants, reducing fuwel use by one-third, MHD re-

search had tapered off. It proposed Government funding of such research at a level of about $2 million
8 year. . . .
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TABLE 45.—NUMBER AND SIZE OF LARGE POWERPLANTS PUT INTO OPERATION, 1958-68 .

300 megawatts and larger

. Number units Average unit
placed in Total size—
Year service megawatts megawatts
3 1,060 353
5 1,800 360
8 2,525 317
9 3,180 353
7 2,525 361
10 4,500 450
10 3,625 362
17 , 740 455
12 8,424 421
26 13,245 5
22 12,274 558

137 60, 898 445

7 of these units were actually installed in prig vears and were rerated in 1966,

Source; ‘‘Steam-Electric Plant Constructios *»* and Annual Production Expenses, 21st annual supplement, 1968
Federai Power Commission report FPC S-19%, % X

How large powerplants wll become is an open question. Six years
ago, in 1964, the National Yower Survey forecast that the unit size
for average use in large powertlauts pooled systems would be as

follows: )
TABLE 45.—FORECAST OF POWERPLANT SDF? .

Typical unit size Maximum unit

Date - megawatts size megawatts

1970 e [ 500t0 600 - -eovnno- 1,000
... 600te 750____ 1, 250

...................................... 75010 1,000 - .__.__. 1,500

From the standpoint of 1964, the survey saw little economic incen-
tives for individual units above 600 megawatts in size. It identified
three factors not previously dominant, that could slow the incresse in
unit size, and factors that may limit the size to multiunit powerplants.
As to unit sizes, these factors are: ;

(1) Decreasing thermal attractiveness of larger units>

(2) Somewhat decreased economic attractiveness of larger units

(3) The presently indicated lower availability of larger units
existing in 1964. - ‘

This last factor, according to the FPC, points to the need for im-
proved design in very large plants. ’

As for factors limiting plant size, the principal limitations appeared
to the FPC to be: :

(1) The diffusion of stack gases into the atmosphere, and

(2) Limitations on permissible rise in the temperature of rivers
n?d other bodies of water that receive waste heat. from power-
slants.! :

Tl}e technological trend toward fewer but larger units has implica-
tion for the future organization of the electricity industry and the con-
centration of economic power and influence within it. Because these
huge powerplants produce more electricity than most individual
power systems can accommodate and because of the large capital in-

tNational Power Survey, pt. 11, p. 57,
46-366 0—70——7
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vestment required to build them, joint ventures of various kinds are
being organized. This is particularly the case for nuclear power where
separate corporations jointly owned by participating utilities are used
to limit the liability of the parent companies should an aceident oceur
with the nuclear plant causing liabilities for damage and injuries
exceeding the coverage of commercial liability insurance and Govern-
ment indemnification under the Price-Anderson modification to the
Atomic Energy Act.

As the size of individual generating units has increased, so has the
tendency to place several units at one site. Thus the Office of Science
and Technology expects that most of the new generating capacity in
the next 20 years will come from some 250 huge powerplants of 2,000
to 3,000 megawatts output each. In comparison, there are some 3,000 .
powerplants in existence today. A powerplant of 3,000 megawatts will
produce cnough electricity for a city of 1 million people. In principle
these mammoth powerplants not only will produce lower cost power
than their smaller and less efficient predecessors, but they will also
produce less poliution per kilowatt-hour. However, because so much
power is generated at one place, the total volume of wastes discharged
at one pomnt will be quite large and if uncontrolled could overwhelm
the surrounding environment.

The trend toward nuclear power

Theforecasts of the Federal Power Commission that nuclear pesver will
provide 40 percent of all utilifiv gencrated ~lectricity hy tisye: 1990
and as mueh as 60 percent byt guar 2000 depends - mon =ommercial
-demetstragien, weeptence . apwlieativn of the mreeding tamstor.
Sluclenr poverpimy.s being nuit mes and those into e 198F will
not possess e medingend: abiiity e wwmvert certain kimds:sf vranmm
and themium it weéial nuclear fuel w2 a-byproduct of power zenera-
tion, and thus @ best can use ¢u157 & few percent of the energy available
in uranfum and therium ore deposits.

If the breeding reactors are to come into use during the later 19807,
utilities will have to order them at least 6 yeais earlier, in the early
1980’s. It seems reasonable to expect the utilities to want several
years actual experience with prototype breeder nuclear power reactors
before deciding to buy breeder reactors, which means any prototypes
would have to come into service in the late 1970’s. Assuming once
again’a 6-year period to design, build and bring a prototype breeder
into operation, the commitments to do so must be made 1n the early
1970’s. Whether the utilities are or will be ready to make such a
{;echnical financial commitment within the next few years remains to

e seen.
As for the current state of commercial nuclear power, the year 1968
marked the beginning of the second decade in the operation of nuclear
- reactur steam-electric generating units. It also marked the frst full
ear of operating experience of two of the larger, commercial type,
ight-water reactor installations, the 600-megawatt Connecticut
Yankee plant and the 450-megawatt San Onofre plant in southern
California. Both plants bégan commercial operation on January 1,
1968. They were designed and built under the so-called modified
third round of the Atomic Energy Commission’s power demonstra-
tion program. Both installations were subsidized by the AEC on the
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research and development phases prior to construction. Likewise,
both plants have a 5-year watver from AEC on their fuel use charges.

The FPC lists 80 nuclear-powered units in 58 plants totaling ap-
proximately 66,000 megawatts that are either (1) in preliminary or
test operation, (2) under actual construetion, or (3) on order for com-
niercial operation during the 9-year period, 1969 througl 1977. These
80 units, varying in size from 450 to 1,175 megawattls, constitute the
so-called second and third generations of power resctors. Three of
these units were ordered during the first & months of 1969 and 17 in
1968. The other 60 units were ordered during the period 1963 through
1967. Test operation of the Oyster Creck plant, the first of the 500-
megawatt class to be completed, was begun in the summer of 1969
after many dolays. This plant at Jersey Central Power & Light Co.
and slcvcml others are expected to begin commercial operation during
1970.

1 “Steam-Electric Plant Construction Cost and Annual Production Expenses,”” op. cit., p. xiil,
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EnvironmeEnTsL EFfFEcTS OF GENERATING ELECTRICITY AND THEIR
Ecoxomic IMpPLIcATIONS : :

The generation of eleetrie power inevitably must affect the environ-
ment. Wastes arc gencrated and they must go to some place. Whether
the effects of the wastes are beneficial, tolerable, undesirable or

“dangerous are value judgments determined by society.

~ In achieving a balance of interest between the users of elcetricity
on the one hand and the users of the environment on the other, there
is reason to avoid the two extreme positions that hoid:
The environment should not be availatie to wastes from gen-
eration electricity, or
Powerplants may i eonstructed and opers +d without regard
to their environmenta. cffeets.

In this section, the prineipal wastes of the el=ctricity industry are
identified, their cffects briefly deseribed, current regulation of such
wastes summarized, and present technology for ¢introl is deseribed.
Cost information is also mentioned.

This section draws heavily upon the report of the Energy Study
Group of the Office of Science and Technology on the siting of steam-
clectric powerplants and upon recent :earings of the Joint Committec
on Atomie Enerzy and the Senate Committee on Governme-t
Operations.

CONVERSION OF HEAT ENERGY INTO ELECTRICITY

In a steam-electrie powerplant, the heat energy released by burning
fuel or fissioning nuelear materials heats water which turns to steam.
The steam expands through a turbine, then flows to a condenser where
it is condensed back into water which is returned to the boiler or the
reaetor to start the eyele again. The turbine turns a generator which
produces the clectricity. Ideally for every 3,413 British thermal units -
of heat cnergy released from the fuel, 1 kilowatt hour of electricity
should be sent out from the plant.! However, present energy con-
version technology is far from ideal. Depending upon its age, a steam-
plant may require from 19,000 to somewhat less than 9,000 B.t.u.’s
of heat cnergy to generate 1 kilowatt-hour of eleetricity. The best
heat rates * for 1968 ranged from 8,654 to 8,876 B.t.u.’s kilowatt-hour
for the most efficient units in the country.? New thermal efficicney of
powerplants, or efficiency, as we will eall 1t, is the quotient of the plant
cleetrical output, expressed in B.t.u., divided by the heat input in
B.t.u. For technical reasons the best efficiency attainable with present
steam powerplant teehnology is 40 pereent. At this efficiency, 8,533
B.t.u.’s heat energy must be supplied for each kilowatt hour of eclee-
tricity sent out. Present nuclear powerplants arc less cfficient. Those
being built today are unlikely to have an efficiency better than 33
percent, mesning that 10,342 B.t.u.’s must be supplied for every

11 B.t.u. of heat energy will raise the temperature of 1 pound of water 1° Fahrenheit.

2 The heat rate is the number of B.t.u. needed per kilowatt hour.
3 Electrieal World, Nov. 10, 1969, p. 26.

(92)
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kilowatt-hour. The heat rates for the Vermont Yankee nuclear
powerplant in New England, for example, is 10,560 B.t.u.’s per
kilowatt-hour.

The amount of heat required by a steam-electrie plant to generate a
kilowatt-hour of electricity depends very much upon the temperature,
pressure, and moisture content of the stean, which in turn depends
upon the ubility of materials to retain their strength in fireboxe: and
boilers when exposed to v ry high temperatures and to corrosive hot
comhmustion gmses. The hiizer the temperature and pressure of the
stea~ and the tess its moisi are, the more heat energy is carried to. the
turb...a¢ by caers pound of stain and the greater is the plant cfliciency.
tive thiermal inefficrency of nuclear powerplants derives from
s9T temperature, pressure, and higher moisture of their ste:=m.
The weanical reasons for thiese conditions are unlikely to be resokseu
with e type of nuclear powerplants now being sold to the utilioiis.
More efficient muclear plunts are expected, but they are unlikely
come into operziion until the: mid or later 1980°s.

Tlie nrospectsof marke:i further improvements in powerplant therm.:
effivrens v will have to awsit the outcome of current tecnnical effr= -
to dovedop new energy ¢ -nvarsion processes such as avagnetohyurs: -
dynzmies, electrogesdynsamic-amd thermionie processes.

VASTES TROM STIAM-ELLECTRIC GENERATING PLANTS

Electriec powerplants that use the fossil fuels—coal, oil or gas, or
nuelear fuels, all produce excess heat energy. Presently this heat is
regarded as a waste to be disposed of to the environment. Fossil-fuel
plants alsv produce solid and gaseous wastes that in certain quantities
and concentrations are regarded as air pollutants. Nuclear plants do
not omit wastes from combustion, but do produce some radioactive
wastes that are routinely discharged into the air or water and may
be regarded as pollutants if the releases exceed regulatory limits. The
validity of limits set for emission of waste heat, some combustien
wastes and radioactive wastes is being questioned by some scientists
at this time.

' WASTE HEAT

The heat energy released by burning fuel or fissioning atoms that
does not leave a generating station as clectricity must be discharged
to the environment. It cannot be stored or kept within the power-
plant. The air and water, in essence, are used as a sink for the waste
heat. For a steam-clectric powerplant operating ‘at an efficiency of
40 percent, for cach 100 B.t.u. released from the fuel, 60 B.t.u. must
be thrown away; with an efficiency of 33 percent, for every 100 B.5.u.
released, 67 must be disposed of. Thus from 60 to 67 percent of all
the fuel consumed in a central powerplant ultimately serves only to
heat up the air and water in the vicinity of a powerpiaat. It brings 1o
income to the utility: and may require capital investinent and operat-
ing costs to disperse it in ways acceptable to the Government.

Removal of waste heat from a powerplant

For all steam-clectric powerplants now built or contemplated,
most or all of the excess heat which may ecither flow back into a river
or other parent body of water or circulate through equipment that
transfers the heat to the air is carried from the plant by water. For o
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conventional fossil-fueled plant, about 85 percent of the waste heat
goes out in the cooling water with 15 percent going up *he stack as hot
flue gas. For & nuclear plant, virtually all of the waste heat, except for -
about 5 percent emitted to the air from hot surfaces, is in the cooling
water. A modern fossil-fuele:d powerplant that requires 9,000 B.t.u. per
kilowatt hour of electricitz sent out would discharge 4,237 B.t.u. of
waste heat for each kilowa:: hour. A less efiicient nuclear powerplant
with a heat rate of 10,342 B.: u. per kilowatt hour would discharge
6,400 B.t.u. of waste heat, wlmost half again as great, than for the
fossil-fuel. This is the bzsis .or the statement that a nuclear power-
plant will discharge 50 percrert more heat into the water than a con-
ventional plant.

Many steam-electric “mants 1se the once-through cooling system to
dissipate the waste heat. In such . system $he cooling water is taken
frm a river iake, reservoir. or rae sem. and nassed through the
powerplant smience it ~worns it wp lineseasser oat load and higher
temperature: “nce-timoserh coeding s preferres’ at sites where there is
aiadequate supply of water and itvs use for cooling does not violate
rederal or State water quality standards. This system has the ad-
vantage of low cost, minimum consumption of water and minimum
intrusion upon the environment. If water is scarce or if compliance
with water quality standards so requires, the waste heat from the
cooling water can be transferred to the air by one or more processes.

The amount of cooling water required depends upon the heat rate
of the plant and the permissible rise in water temperature. For a:.
average fossil fueled plant with a heat rate of about 10,000 Btu per
kilowatt-hour, and a temperature rise of 15 degrees Farenheit, the
required flow is approximately 1.5 cubic feet per second for each
megawatt of electrical capacity. At full load, this is equivalent to
about 40 gallons per kilowatt-hour. A modern, more eflicient plant
would require a flow of about 1.5 cubic feet per second per megawatt
for a 15-degree rise, equivalent at full load to about 30 gallons per
kilowatt-hour. For a nuclear plant, the flow would be about 2.0
cubic feet per second per megawatt for a 15-degree rise. At full load
this would come to about 55 gallons per kilowatt-hour.

In designing a power plant, the engineer secks the most favorable
economic balance between temperature rise in the cooling water,
flow of the water, and size and cost of the equipment. With present
technology he can choose a temperature rise between 12 to 27 degrees
Farenheit. Temperature rises of less than 12 or greater than 27 degrees
are considered 1mpracticable from an engineering standpoint. If, for
technical or regulatory reasons, it is desirable to keep the temperature
of the cooling water below certain limits as it returns to its parent
supply, unheated water can be mixed in to dilute the heat and lower
the temperature,

HEAT AND WATER QUALITY

Discharging waste heat from steam electric plants into the water-
ways does not directly affect the public health. There is no danger of
injury to persons. On the other hand, the waste heat can markedly
change the quality of the water for further use and can drastically
affect the marine life in the water.

What the specific effects from waste heat are remains a controversial
matter. Some observers see only undesirable effects upon the quality
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of the water and the plant and animal life it sustains. Others sce bene-
ficial effects from waste heat. Depending upen the part of the country
and the kinds of water life involved, effects of-waste heat can range
from fish-kills on one hand to speeding lobster growth on the other.

What follows is intended to briefly summarize the less than desirable
effects of 100 much waste heat in a given body of water. 1t draws
heavily upon the report of the Energy Policy Staff of the Office of
Science and Technology.

Effects wpon water life

The most pronounced effects of waste ks 'u the waters appear to
be upon water life. '

{ « ~ule of thumb, the binchemical processes of aquatic life, int
cluding the eritical rate of oxygen utilization, double for cach 18
degree Fahrenheit rise in temperatures up to 86° to 95°. However,
as water temperatures rise, the water can hold less oxygen in solution.
Thus the potential supply of oxygen in the water diminishes with higher

temperatures as the need for oxygen increases.

Up to a certain point, a1 increase in water temperature can cause
more rapid development of sggs, fuster growth of spat, fingerlings or
juvenile fish and larger fish. Beyond that point, the hatch will be
reduced and mortalities in the development stages will be higher. The
temperatures at which maxiinum development occurs at each stage
of the life cycle varies with the species. Over a period of several
generations the -composition of species in water bodies affected by
waste -heat can be expected to change if the temperature is changed,
even though the change be small.

Even where a temperature change is not directly damaging to the
development of desirable species, an increase is usually found to
stimulate the more rapid development of less desirable or undesirable
species.

While fish are generally availuble in the discharge arcas for waste
heat, sometimes in greater numbers than elsewhere, it is often found
that an inerease in temperature results in a loss of the more desirable
species since they are unable to compete successlully for food, breeding
arcas or their lives. A warmer temperature is also considered to increase
the occurence of diseasc in fish populations.

particular problem exists for migratory fish since changes in
water temperature are apparently important to some species as the
stimulator of migratory activity. Changes in the normal times {or
migration triggered by heated water may put-the fish at an environ-
mental disadvantage later in théir migratory cycle and adversely
affect reproduction. Since the ability of cach species to acclimate to

changes in water temperature is different, each situation should be

considered individually by fishery biologists.

On the other hand, techuigues for forecasting ecological effects of
heated waters are not as well advanced as the ability to forecast the
patterns of heat dissipation in the receiving waters. We apparently
know mere about how and where the heated cfluents from a power-
plant will flow than we do about their specific effects in a particular
situation.
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Physical effects

Any increase in temperature of water because of waste heat will
result in increased evaporation and a consequent reduction of avail-
able supply and an increase in the concentration of the minerals
already present in the water, which do not leave with the evaporating
vapors. While not ordinarily a problem, if a stream of water flows
through a number of cooling cycles each with a loss from evaporation,
a measurable inerease in solids may result.

In northern climates, the discharge of heated water will tend to re-
dnce ice cover, at least locally, and thus improve water quality by
geeping the surface open to absorb oxygen from the air. The added
1¢at may also result in local fogging on the water and adjacent land
rreas. ,

An increase in temperature may also make the waters more desirable
for swimming and water sports if the normal temperatures are so cold
as to limit use. If the water is already warm, however, further increase
in temperature can reduce its rccreational value.

The addition of waste heat to bodies of water may also reduce the
value of the water for industrial cooling in those places where the local
temperature has been increased substantially.

REGULATION OF WASTE HEAT IN WATER

Although water quality standards had previously been adopted by
some States and interstate bodies, a major impetus to setting such
standards was the Water Quality Act of 1965. That act encouraged the
States to establish water quality standards for interstate streams and
coastal waters by June 30, 1967. If the States failed to do so, the Sec-
retary of the Interior was authorized to establish such standards. All
50 States have developed water quality standards and have submitted
them to the Department of Interior for approval.

Provisions of the Water Quality Act
The act requires that the standards be such as to protect the public
health or welfare and to enhance the quality of water. In establishing

the standards, consideration is to be given to the use and value Por .

public water supplics, propagation of fish and wildlife, recrcation,
agriculture, industry an(i other legitimate uses.

As interpreted by the Federal Water Pollution Contrel Adminis-
tration of the Department of the.Interior, the standards to be estab-
lished include water use classifications, criteria to support these uses,
and a plan to implement and enforce the criteria. The criteria include
the quality characteristics of a physical, chemical or biological nature
demanded by aquatic life, industrial process, or other intended uses.
For streams expected to have more than one use, the criteria of the
most sensitive use would govern in establishing standards. Thus, in
most cases, the criteria applicable to fish and other aquatic life would
be controlling. '

State thermal criteria for waste heat

Pursuant to the act, all States have submitted water quality stand-
ards. The standards for all States and other jurisdictions have been

~approved by the Secretary of the Interior, although some approvals

have been with reservations. Many of the reservations relate to
temperature criteria.
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The temperature criteria is water quality standards are established
on the basis of the proposed uses of the water. Generally, maximum
permissible temperature and maximum changes in temperature con-
stitute the criteria. Some States have specified maximum rates of
change in temperature. Several State standards provide for varied
criteria depending on the time of year. Some waters are so designated
as to allow no change from the natural conditions. In such cases, the
limitations are usually determined by the requirements of fisheries.

Most States have established 68 degrees Farenheit as the maximum
allowable temperature and from 0 to 5 degrees as the maximum
allowable change in temperature for streams with cold water fisheries.
For warm water fisheries, the maximum allowable temperatures are
generally in the range of 83 to 93 degrees and the maximum allowable
rise in the range of 4 to 5 degrees.

Turkey Point, a departure in Federal regulation

In Florida south of Miami, the Florida Power and Light Company
has two large conventional steam-electric power plants and is bui}ding
two large new nuclear power plants. The cooling waters from the new
nuclear plants is to flow through a canal 6 miles long to mix with the
waters of Card Sound, an adjunct to Biscayne Bay. Theheated water from
the canal presumably will meet a Dade County temperature limit of
95 degrees Ferenheit.

In February*1970, the Department of the Interior requested the
Justice Department to take legal action to block construction of the
canal. It asserted that the canal system with the proposed 150 pereent
dilution of the cooling water would not meet the temperature limits
agreed upon by the State and Federal conferces at a meeting called
at the request of Governor Kirk of Florida. Out of this meeting came
a recommendation ¢f 90 degrees as maximum temperature for water
discharged from the canal.

The utility has argued that waste heat must be discharged to the
Bay for other means of dissipating the heat aie not feasible.

On March 13, 1970, the Justice Department filed suit in the U.S.
District Court for the southern district of Florida to stop present and
future thermal pollution of Biscayne Bay. Attorney General John N.
Mitchell said the suit alleges that the heated water now being dis-
charged from the present two powerplants is rapidly ruining marine
life in the Bay, including an arca encompassed by the Biscayne
National Monument, and that the damage will be even greater when
two planned nuclear powerpiants are instelled at the site.

The Government also filed & motion for a preliminary injunction.
It asked that the powerplants be permitted to operate but to modify
its operations which result in thermal pollution. It also asks for
submission to the court within 45 days of a plan to eliminate the
destruction of the natural environment by the powerplant operation;
and a halt to construction to the canal.

BYPRODUCT USE OF WASTE HEAT

Ideally the excess heat energy from a steam electric powerplant
should be put to productive use in industry, agriculture, dwellings or
other places where large amounts of low-grade heat may be useful. To
do so would reduce the waste heat discharged directly to the environ-
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ment and save the additional fuel that otherwise would be consumed
to supply such heat. Sale of byproduct waste heat might even become
a souce of income for the utilities. The chemical and petroleum indus-
tries, for example, require large amounts of heat as does the desalting
of water. Proposals have been made to use heated waters from power-
plants in agriculture and aquaculture. However the benefits, of such
applications, their technical and economic feasibility remain to be
demonstrated.

The tendency towards building large powerplants outside of the
cities and the impractieability of transporting low-grade keat for long
distances will require new innovations in business and industry to
make the use of waste heat as a byproduct an attractive altsrnativ-
to discharging it to the environmnent.

DISSIPATION OF WASTE HEAT TC THE ENVIRONMENT

As noted earlier, the simplest and least expensive, and the tradi-
tional method for disposing of excess heat from a steam electric
powerplant is to pump water from a river or some other body «f water
through the powerplant to pick up and carry away the waste heat. |
The heated waste water mixes with its parent and 1ts burden of heat
energy ultimately is transferred to ihe air by evaporation, conduction,
and radiation. Depending upon the amount of waste heat and the
characteristics of the receiving waters, the water teinperatures in
some places may exceed limits set in water quality standards. In such
ins! ances, some or all of the waste heat from a powerplant riay have
to be transferred directly to the air. For these, the cooling water
from the powerplant is circulated through a man-made ceuling pond
or lake, or thorugh cooling towers.

Cooling ponds and lakes

The clectricity industry makes wide use of cooling ponds in the
Southwest and Southern States where available water supplics may
not be wholly adequate to dissipate the waste heat. The extensive
land areas necessary for the ponds and their drainage areas are avail-
able in these parts of the country at relatively low cost, and the low
humidity in the Southwest promotes more effective transfer of waste
heat from-the pond to the air.

In many instances, cooling ponds and lekes may be quite large.

- Approximately 1 acre of pond plus 10 acres of drainage area to supply

water for the pond is needed for each megawatt of generating capacity.
Such ponds may be used for public benefits including water supply,
flood control, recreation, and enhancement of fish and wildlife values.

Cooling ponds require a flow of water to replace that lost through
evaporation. The loss is equivalent to about 1.5 percent of the flow
of cooling water from the powerplant. '

Where land is available at low costs;, cooling ponds may be the
least expensive alternative to direct discharge cooling. Capital cost
estimates for cooling ponds and associated dams and structures
range from $2.50 to $5 per kilowatt of generating capacity, and in
some; conditions $6 to $10 per kilowatt.
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Cooling towers

Waste heat can be transferred to the air through two types of cooling
towers. In the evaporative type, the water to be cooled falls over
exposed surfaces within the tower and gives up its heat by evaporation,
1n the dry type, the water is pumped through the giant equivalent of
an automobile radiator and gives up its heat by air convection.

Lraporaiive cooling towers

The performance of a cooling tower depends upon the movement
of air through the structure to carry away the evaporated water.
In some cooling towers, mechanical fans draw zir -* ©gh the struc-
ture, in others. the flow of air depends upon naturs! i movements,
or convection.

Environmental effects of evaporative cooling towers.—The mechanical
cooling towers discharge large amourts of water vapor nenr the
ground. Also droplets of water, or “windage’” may be carried from
the tower by air currents. Windegxe is troublesome because it may
contain chemicals that are added to prevent biological fouling of the
cooling system, -chemicals resulting from corrosion or structural
deterioration, and minerals that have become concentrated within the
system. In some weather conditions, mist, fog or ice may result from
these cooling towers. '

As an alternative to the mechanical cooling tower, the natural draft
tower discharges its moisture considerably higher off the ground. Such
a tower for a large powerplant may rise as high as a 30-story building
and measure more than a block in diameter. They are certainiy a
dominant feature of a power station and may be visible for miles.
Some people consider them esthetically undesirable in certain locations.!

The windage cffects of cooling towers would be aggravated were soa
water to be used as the cooling water. With solids present in the
amount of 35,000 parts per million, the salt in the windage could
cause corrosion damage to adjacent structures and equipment and to
nearby land.

Water requirements.—The water lost by evaporation within a cooling

. ‘tower amounts to about 20 gallons per-kilowatt of generating capacity
per day for an average steam clectric plant, and about 13 gallens

for one of high efficiency. A 1,000 megawatt nuclear powernlant,
with its lower cfficiency, would require about 20 million gallons of
makeup water a day, in comparison with 14 million for a comparable
fossil plant.?

Water pollution from cooling towers.—The evaporation of water in
a cooling tower serves to build up a concentration of minerals present
in the source of cooling water, and also to concentrate chemicals and
solids from other sources. For technical reasons, the cencentration
cannot be permitted to ircrease without limit. Therefore part of the
cooling water is routinely drained off and replaced. This is known as
‘“blow-down.” Ths concentration of minerals and chemicals in the
blow-down water may exceed water quality standards. This waste
water must either be processed to remove enough of the mineral and
chemical contents to bring the effluent into compliance, or be diluted
‘enough for this purpese.

! Cooling tovrer np?)llcatlons and technology are cevicwed in detail in the Federsi Power Commission

re?ort “Problems in Disposul of Waste Weat From Steam-Electric Plants,” publisked in 1969.
2“Cut pollution at what price?” Electrical World, Jan. 19, 1970, p. 32.
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Water brought into a cooling system to make up for evaporation

.may typically contain 50 parts per million of solids. The concentration
Y1 y 1 {)

within the cooling circuit may be held at 700 parts per million, mean-
ing that blow-down waters contain this concentration.

Dry cooling towers ‘ _

In principle the dry cooling tower should avoid the problems of
fogging, mist, and icing of the evaporative types, and has no routine
water loss. It discharges only dry heat to the air. Dry towers may
either be mechanical, with a forced air draft, or natural draft. Dry
towers are not able to cool the water as much as a wet or evaporative
tower, which reduces the powerplant efficiency and requires more
fuel for each kilowatt-hour of electricity generated. _

Dry cooling tower technology has yet to be demonstrated in the
United States for large stecam-clectric plants. The largest natural
draft tower in operation today is one at a 120-megawatt powerplant
in England. This tower was built in 1962 by the Central Electricity
Generating Board, primarily to obtain comparative investment and
performance data. It is reported that the performance of the tower
has been satisfactory. . :

Envirormental effects of dry cooling towers.—At present the environ-
mental effects of discharging large quantities of dry heat from such
cooling towers are not known.

Costs of cooling tower
The costs of various types of cooling systems depend upon the design
of the system and the site conditions. The Federal Power Commission
has estimated the ranges of costs based on data from clectric utilities.
Table 47 summarizes the estimated investment cost for evaporative
cooling towers.

TABLE 47.—COMPARATIVE COSTS OF COOLING WATER SYSTEMS FOR STEAM-ELECTRIC PLANTS

Investment cost, dollars per kilowatt

Type of system Fossil fueled plant! Nuclear fueled plant !

Once through 2. . e 2,00-3, 00 3,00-5. 00

Cooling pondsd_ ... . . . ...l 4,00-6. 00 6. 00-9, 00
Wet cooling fowers: .

Mechanical draft. ... .. ... ... ... 5.00-8. 00 8.00-11. 00

Natural draft__ . 6.00-9, 00 S. 00-13. 00

! Based on unit sizes of 600 mw and larger. . . . .

2Circulation from lake, stream, or sea and involving no investment in pond or reservoir.

3 Artificial lmgou dments designed to dissipate entire heat load to environment. Cost data zre for ponds capable of
handling 1,200~2,000 mw of generating capacity.

Source: Federal Power Commituion, “'Problems in disposal of waste heat from steam-electric plants.’” A staff study
supporting the Commission’s 197') Natlonal Power Survey. 1969, p, 15,

An operating cost common to all cooling systems is the cost of
power used to pump water through the systems. For cooling towers, a
greeter pumping effort is required, with the additional power required
being equivalent to one-half percent or more of the plant output.
Power to drive the fans in a mechanical tower account for upward of
1 pereent of the plant outpus. Annual operating and maintenance
costs for cooling tower systems, exclusive of the costs of power, are
equivalent to 1 or 2 percent or more of the capital investment in the
cooling system.
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According to Federal Power Commission estimates, the use of
evaporative cooling towers rather than the once-through cooling
could increasc the cost of generating power as much as 5 percent.
Also cooling towers ordinarily reduce turbine efficiency so that most
estimates indicate a 1-percent capacity penalty chargeable against
plants using wet cooling towers. :

For a specific example, the cooling towers for the Monticello
nuclear powerplant in Minnesota were recently reported to add $5
million to the capital costs and $1.9 million annually to the operating
cost. At an 80-percent operating factor, the cooling towers thus
would add about one-tenth of a mill per kilowatt-hour to the estimated
generating cost of 7 mills per kilowatt-hour for the plant.!

Investment costs for dry-type cooling towers are largely conjectural
because of limited experience with them. The FPC thinks a price
range of $25 to $28 per kilowatt for mechanical draft and $27 to 330
per kilowatt for the natual draft appear to be reasonable. With these
costs, dry-type cooling does not compare favorably with other types
of cooling at places where adequate water supplies are availabie.
Also, the plant electrical output may be from 6 to 8 percent less than
it would be with on-through water cooling, which would increase
the cost of power.

In one recent estimate, cooling ponds would be expected to increase
generating costs by perhaps 15 percent, and dry towers perhaps 30
percent, with eve.porate towers in between. In terms of billings to the
public, installation of those heat dissipation methods could increase
the retail® rate from 5 to 10 percent.

While such an increase probably would be accepted by the public,
industries that use large amounts of clectricity at low rates would
be more seriously affected should the addition of such measures add
1 to 2 mills per {(ilowatt-hour to a price of 5 to 10 mills. Such an in-
crease could have a significant effect on the prices ‘of products that
require large amounts of electricity to manufacture.

Cooling water requirements

A very practical question is how much water may be affected by
waste heat from large steam-electric plants?

The Federal Power Commission expects that 59 new fossil-fucled
plants or additions to existing plants of 500 megawatts or more, com-
prising 81 units and totaling 52,000 megawatts, will go into service
during the years 1967 to 1973. An additional 41 nuclear plants or
additions to existing plants comprising 57 units, totaling 42,000
megawatts, also are scheduled to go into service in that period.

The combined cooling water discharges from these 138 units with
almost 100,000 megawatts of capacity will be a substantial addition
to the waste heat discharged to the Nation’s waters.

Looking ahead to 1990, the FPC estimates a total of 492 plantsites
will be in use for large steam-clectric instellations. Of these, 255 will be
new sites. Some 292 of the total number of sites would be for fossil-
fueled plants and the remaining 200 for nuclear power. Most of the
new plants are expected to be in the 1,000- to 4,000-megawatt size
range, with the largest site approaching 10,000 megawatts, The total
capacity at the 492 sites by 1990 would be about 1 million megawatts.

1 Nucleonles Week, Mar, 5, 1970, pD- 4, 5.
24Cut Pollution at What Price?” op. cit., p. 33.
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The total estimated fresh water withdrawal in 1990 for these power-
plants is estimated by the FPC to come to 300,000 cubic feet a second.
Although this wouli Le equivalent to one-sixth of the total annual
rate of runoff of streams in the United States, much of the water can
be used again at several sites along a particular river.

AIRBORNE WASTES FROM ELECTRIC POWERPLANTS

Future plans for gencration of electricity in powerplants that
burn fossil fuels are %ikely to be critically affected by the need to
control emission to the air of wastes that have undesirable effects.

At the outset, one should note that powerplants are not the only
source of air pollution. The combustion of fossil fuels for all purposes
produce some 142 million tons of air pollutants, as shown in table
48. Automobiles and other forms of transportation discharge nearly
60 percent of the total emissions. However transportation is not a
significant source of sulfur oxides because the fuels used are low in
sulfur content. Stationary fuel combustion sources account for 75
percent of the sulfur oxides, while refin:ries, smelters, acid plants,
and similar processes emit the remainder. Fossil-fueled powerplants
which produce over 85 percent of the electricity generated in the-
United States in 1966 discharge almost 50 percent of the sulfur oxides,
25 percent of the particulates, and about 25 percent of the nitrogen -

oxide emissions.
TABLE 48.—SOURCES OF AIR POLLUTION

{In millions of tons annually (1965)]

Carbon mon- Nitrogen Particulate
oxide Sulfur oxides . oxides Hydrocarbons matter Totals
66 1 6 12 1 86
Industry..._. 2 9 2 4 6 23
Powerplants . 1 12 3 1 3 20
Space heating___ . 2 3 1 1 1 8
Refuse disposal....._... 1 1 1 1 1 5

Total. oo 72 % 13 19 12 142

Source: ‘‘Considerations affecting s!eam powerplant stte selection.'’ 0p. cit., p. 29.

Sulfur oxides

Recent projections estimate that by the year 1980 some 48 mil-
lion tons of sulfur dioxide would be released to the air annually,
assuming that control measures are not applied. Of this, 36 million
tons would come from powerplants in comparison with 12 million
tons in 1966.

Effects of sulfur dioxide

Gaseous sulfur dioxide from burning fossil fuels may later form
droplets of sulfuric acid in moist air. These droplets are potentiall
injurious to the respiratory system. When combined with small
particle pollution and stagnant air, the resulting air pollution may
lead to the kinds of injury experienced in Donora, Pa., New York, and
London when severe pollution episodes occurred. On the other hand,
the precise quantitative biological effects of sulfur dioxide are not
fully known, which complicates the setting of air quality standards.
Regardless of specific biological cffects, it appears generally agreed
that sulfur dioxide air pollution can effect persons suéering from lung
ailments of bronchitis, emphysema, or cancer.
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The acid mists also may damage property and vegetation. In com-
bination with other pollutants, for examples particulates, sulfur
oxides have been shown to exhibit synergistic effects and produce
results several iimes more severe than from comparable exposure to
cither pollutant alone.

Regardless of the completeness of present scientific information
about the biological efforts of sulfur dioxide, the public regards it as a
pollutant to be controlled.

Regulation of sulfur oxides ¢

The regulation of sulfur dioxide and other air pollutants is primarily
the responsibility of State, local, and regional agencies, backed up by
the Department of Health, Education, and Welfare.

Federal legislation.—Pursuant to the Clean Air Act (Public Law 90-
148), DHEW administers Federal aid grants to establish and maintain
regional, State and loeal air pollution control programs. DHEW also
is cstublishing air quality control regions, with a completion target
date of September 1970. It has released air quality eriteria for carbon
monoxide, photochemical oxidants, and hydrocarbons, and also control
techniques for stationary sources of emissions of carbon monoxide,
nitrogen oxides, hydrocarbons and organic solvents. The Department
has reported to Congress that national emission standards for station-
ary sources, which would include steam-clectric powerplants, is not in
the best interest of pollution abatement. Rather, DHEW favors
national air quality standards with lccal, State, or regional agencies
rc?lponsiblc for implementing them, and with national emission stand-
ards limited to application to new installations.

The act authorizes DHEW to recommend and establish standards
if sufficient local standards are not adopted and in an emergency to
enjoin the emission of contaminants.

State legislation.—State air pollution control laws empower State
and local air pollution control agencies to promulgate standards for
regulating sulflur compounds in the air. Typically, States enacting or
amending air pollution control laws authorze the creation of a State
air pollution control agency, which is instructed to issue rules and
regulations pertaining to air quality and, in some instances, to issue
sulfur emission standards and limits for sulfur content of fuels.

State regulation.—Rules and regulations of State air pollution con-
trol agencies have become increasingly specific for sulfur control.
State regulations generally contain a sulfur dioxide emission limit for
individual sources, using a figure of 2,000 parts per million by volume
of sulfur dioxide as a limit for existing sources. This standard appears
directed more toward regulation of sources such as sulfuric acid plants
that may emit sulfur dioxide as a byproduct of manufacturing rather
than from the combustion of fuel. Recent legislation in South Carolina,
New York, Missouri, and other States, has set variable cmission
requirements for combustion sources. Consequently an electric power
station may have quite a different sulfur dioxide emission limit in
many jurisdictions than an industrial processing plant, and for electric
powerplants there may be a wide variation in the emission limits
prescribed. ,

Sulfur dioxide emission standards arc being supplemented, and in
some places preempted, by regulations limiting the sulfur content of
fuels. This approach is more certain and less expensive to administer.
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Current enactments set different fuel limits according to use. Fuel
for steam and electric stations, heating and industrial may have
different limits. Limits are usually expressed in terms of & maximum
percentage of sulfur by weight, and there is little uniformity amongst
them. Some authorities have set the maximum as low as 1 percent
and by 1970 it may be as low as 0.37 pereent. According to the National
Coal Policy (‘unference, in every instance the sulfur limit set is
significantly lower than . the sulfur contained in the coal previcusly
burned within the jurisdiction.

Action <n California.—Perhaps the most severe limitation upon
sulfur dioxide is to be found in California. There the State’s environ-
mental quality study council has recommended a moratorium on
fossil-fueled powerplants. The Orange County Board of Supervisors
subscquently voted against two 790-megawatt units at Huntington
Beach. The Los Angeles Air Pollution Control Board has indicated it
will not approve further applications for fossil-fueled powerplants.!

Technological alternatives to reduce sulfur diowide emissions .

Five technological approaches may be used, singly or in combina-
tion, to keep the sulfur dioxide emission from a steam clectric power-
plant within limits of air quality standards. These are to:

(1) Use fuels of low natural sulfur content.

(2) Remove or reduce the sulfur in fuels.

(3) Remove the sulfur dioxide from stack gases.

(4) Improve the combustion process.

(6) Disperse the stack gases sufficiently that the sulfur dioxide.
at ground levels stays within air quality limits.

Use of low sulfur fuels.—The ideal fuel of low sulfur content is
natural gas, which explains why some air pollution control authorities
specify the use of natural gas by steam eclectric plants. Some residual
fuel oils also may have a naturally low sulfur content, depending
upon their origin. The residual oils from Africa are the lowest in sulfur,
Some coal deposits also are low in sulfur, but limited supply and
strong competition for nonfuel uses greatly limits their use.

While the use of low sulfur fuels may provide some temporary
relief from air pollution, in the long run ways must be found to reduce
the sulfur content of fuels before they are burned and to remove
enough sulfur dioxide from powerplant emissions to stay within air
quality limits.

One noticeable result of the specification of sulfur emission standards
has been to accelerate a trend away from coal into gas and residual
fuel oils. According to the Office of Oil and Gas of the Department of
the Interior, the use of gas in the utilities market of the east coast,
for examnple, for the first 6 months of 1969 was 45 percent more than
in 1968 and residual fuel oil was up 28 percent, while use of coal did
not increase at all,

Low sulfur coal: Before addressing the availability of low sulfur
coal, it should be noted that in some powerplants this kind of coal
cannot be burned in existing furnaces without operational difficulties
or incurring high capital costs for furnace modifications.

Sulfur, unfortunately, is universally present in coal not in elemental
form but combined with the organic coal substances or in the form of

! Electrical World, Nov. 10, 1969, p. 25. )
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pyrite. In most U.S. coals, the total sulfur content varies from 0.5 to
6 percent. Much of the coal now burned by powerplants is high sulfur
coal, that is, with a content of 1 percent or nore.

In terms of national coal reserves of all classes, approximately 50
percent are located east of the Mississippi River and 50 percent on the
western side. However, of the total reserves of low sulfur coal with less
than 1 percent sulfur, almost 90 percent, including lignite, is located
west of the Mississippi. The Office of Science and Technology asserts
that the supply of low sulfur coal is costly and limited. The National
Coal Policy Conference asserts the supply for power generation is
wholly inadequate and is in extremely short supply.

Most of the low-sulfur coal in the East is of metallurgical grade
coking quality and is largely dedicated to the steel industries, both
domestic and foreign. These fine grade coals are produced in West
Virginia and adjoining States and are in demand throughout the free
world. They constitute a large source of cxport tonnage and income
which makes an important contribution to the national balance of
payments.

Even with a premium of $2 to $3 per ton, which would be required
in the East, producers of low sulfur coal may not be able to supply the
rapidly growing demand for this commodity. Even if supplies were
available, the premium price would result in substantially higher costs
of generation.

ceording to the Department of the Interior, about two-thirds of
the coal produced cast of the Mississippt River cannot meet present
limits for sulfur content and virtually none of it will be able to meet
the more restrictive standard of 0.37 percent that some States have
scheduled by the end of the year 1971.

Low sulfur oil: Some residual oils from abroad are low.enough in
sulfur content to be used in steam eclectric powerplants. A decision
announced by the Secretary of the Interior in July 1967, revised

Government oil import controls to combat air I])ollut;ion. The change

allowed fuel users a greater supply of low-sulfur fucl oil by reclassifying
No. 4 and other low-sulfur oil, previously subject to import quotas,
to the category of “residual” fuel oil. This reclassification permitted
the east coast to import low-sulfur oil with few import restrictions.
And the Interior Department established a system to permit imports
of low-sulfur fuel on the west coast and allowed U.S. refiners a special
aliocation for low-sulfur fuel they manufacture from imported oil.
The iinporting of residual fuel oil has recently become a matter of

controversy before Congress, for the utilities are secking to import

larger quantities. For example, recently the Commonwealth Edison
Co. asked for a special quota to import 6 million barrels of residual
from Venezuela into the interior of the Nation via the Mississippi
River. The company chose to do this, paying an estimated additional
$5 million per year rather than attempt to remove sulfur dioxide from
the furnace gases. The cost of heat energy from this imported residual
is estimated at 44 to 52 cents per million B.t.u. in comparison with
coal at 24 cents per million B.t.u.

Gas: Natural gas aiready appears to be in short supply and pipe-
line and distributing companies are experiencing difficulties, according
to the National Coal Policy Conference, in meeting increased con-
sumption of present customers. Some technical prospects exist for

46-366 0—70——8
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producing gas from coal. The L, w0 Miues and the Department
of the Interior are sponsoring pilot plant studies on gasification.
According to the Bureau, if a decision were made to press ahead, a
commercial coal gasification plant could be operating by 1977. How--
ever whether the demonstration and subsequent adoption of gasifiea-
tion technology could be carried out fast enough to help substantially
with the anticipated gas shortage seems doubtful.

Removal of sulfur from fuels.—At present it seems unlikely that
cominercial processes to remove sulfur from coal will be available
during the nest few years, when many critical decisions will have to
be made about fuel for large new powerplants. According to the
Office of Science and Technology, research projects do show promise
of removing as much as 70 percent of the sulfur, although the final

_ product might still contain encugh sulfur to be classified as a high

sulfur fuel. What the technological and cconomic feasibility of such
removal processes may be remains to be seen.

The sulfur content of fuel oil, on the other hand, can be brought
within acceptable amounts either by removing some of the sulfur
or by diluting a high sulfur oil with low sulfur oil, or both. :

Present technology indicates that the most economical means of
removing sulfur from residual oil for use in electric powerplants may
be at the refinery. The OST estimates that oil can be desulfurized
for a cost of about 25 to 50 cents a barrel depending.upon the original
material, the amount of sulfur to be removed and processing methods.
The capital investment to build a desulfurizing plant is estimated
at about $260 per barrel of daily capacity.

The petroleum industry is Investing heavily in ways to reduce
sulfur content of fuel oll. Esso, for example, is installing such a
plant in Venezuela to produce 100,000 barrels a day primarily for
cast coast powerplants. Prof. Thomas K. Sherwood of Massachusetts
Institute of Technology estimates that the refining to reduce sulfur
content from 2.6 to 0.5 percent will increase the price of residual
fuel oil to the power station by 50 to 80 cents per barrel, an increase
of 20 to 35 percent. For comparison, an inercase of 50 cents per barrel
would be expected to increase the cost of generation by about 0.7
mills per kilowatt-hour in a modern steamplant.

While domestic crude oil is generally lower in sulfur than the
imported oils, it is priced too high for fuel use in generating electricity.
Only about one-third of the residual oil marketed in the United
States is derived from domestic sourees.

Removal of sulfur during combustion.—Five technical processes
arc in various stages of research, development, and demonstration
for removal of sulfur dioxide from the furnace gases of a steam-
clectric powerplant. The remaining technological problems for this
atternative appear much closer to solution tlian for reducing the
sulfur content of coal. However, the search for an economic method
of removing sulfur compounds from the gases has been going on for
30 years with no commercially available devices yet available for
modern powerplants. The coal industry in particular would encourage
Federal support of research into sulfur compound removal so as to
insure the i‘uturc use for coal in generating electricity.

t Thomas K. Shérwood, “Must We Broathe Sulfur Oxides?” Technology Roview, January 1970, p. 27.
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The Office of Science and Technology identifies the three post-
combustion removai processes which show the most promise of
eventual commercial success as the alkalized alumina process, the
catalytic oxidation process, and the limestone/dolomite processes.
Each is relatively expensive. The first requires large and complex
cquipment so that its application is limited to new, large powerplants.
The third is less expensive, requires less equipment, and can be adapted
to existing powerplants. All are in various stages of development.

It seems evident that regardless of the system chosen for removal
of various offensive gases, additional space will be needed at a power-
plant to erect the equipinent and to provide storage for the extracted
wastes. For instance, the waste produced by the limestone/dolomite
process for a 1,250 megawatt powerplant is about 2,000 tons per day.

The Consolidated Coal Co. 1n February 1970 announced that it had
developed a process for removing sulfur oxide from stack gas. Accord-
ing to the company, this process, which differs from others being
doveloped, can be used in existing or new powerplants. It would
produce elemental sulfur as a product, which can casily be stored, and
should find a ready market. Whether it will be used reinains to be seen.

In January 1970, an experimental installation of the limestone/
dolomite process began an 18-month test at TVA’s Shawnee steamplant
near Paducah, Ky.

As for costs, these remain conjectural. One estimate for the lime-
stone/dolomite process puts the initial capital cost at $10 per kilowatt.
Figuring in operating and fixed charges, the costs come to the
equivalent of 25 cents per barrel of oil burned for 1 percent sulfur oil
amd 30 cents per barrel for 3 percent fuel. If the price of 1 percent oil is
$2 per barrel, this system would increase the equivalent fuel cost by
12% pereent, and the cost of generation by 0.4 mill per kilowatt-lour.

The National Coal Association estimates that the first generation of
sulfur dioxide removal plants will operate at a cost range of 75 cents to
$1 per ton of coal burned and that, as the technology improves, future
costs should drop to about 20 to 25 cents per ton of coal burned.

Improving the combustion of coal.—Another strategy is to reducesulfur
emissions from coal-fired powerplants by radically changing the method
of burning coal. Instead of burning pulverized coal, a so-called fluidized |
bed technique could be used. The Office of Coal Research is optimistic
on this approach because it believes it can reduce air pollution, lower -
capital and operating costs of coal-fired plants. However, because of
tight funds, the Office of Coal Research has terminated its support for
this development. The Nationl Air Pollution Control Administration
has indicated it believes the air pollution aspect of the fluidized bed
process warrants further investigation and plans to provide some sup-
port. However, unless the development and demonsiration of this
techniqwe is expedited, the chances that it can be used in large new
powerplants ordered during the 1970’s are slim.

Dispersing and diluting sulfur emisstons in the air.—Since the cffects
of sulfur dioxide depend upon its concentration in the air, one way to
reduce its =ffects is to dilute the emission from a large powerplant by
discharging the furnace gases from very tall stacks. Such stacks may
be effeciive in reducing the ground-level concentration of pollutants,
but thex do not reduce the amount of pollutants released into the air.
Also, vrider some local weather they may not cause dispersion and
high caucentrations of sulfur dioxide may occur at the ground.
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The 1,200 foot stack of a power plant in West Virginia is the highest
power plant stack to date. The cost of tall stacks is considered to be
about 10 to 20 percent of the estimated cost of some of the sulfur
‘removal processes discussed above. The OST thinks it doubtful that
the stacks will be able to afford the dilution necessary to meet stringent
sulfur dioxide standards particularly for a large plant that burns high
sulfur fuel. .
Nitrogen oxides '
The nitrogen compounds contained in fossil fuels are released to th
. air during combustion, usually in the form of oxides of nitrogen.

Among the fossil fuels, pulverized coal is the greatest producer of
nitrogen oxides, with oil next and gas last. The Federal Power Com-
mission estimates that the following amounts of nitrogen oxides can
be expected from the combustion of coal, oil, and gas in gencrating
1000 kilowatt-hours of electric power: Coal, 8.6 pounds; oil, 7.6 pounds;
and gas, 4.1 pounds.

Effects of nitrogen oxides

Until the 1950’s, when these chemicals were implicated in the forma-
tion of eye-irritating smog in the Los Angeles area, nitrogen oxides
were ignored as a pollutant from steam electric powerplants. Since
then some research has been done on the formation of these oxides
and general methods of reducing emission of nitrogen oxides have been
suggested. However in comparison to the effort to control emission of
sulfur oxides, the research on nitrogen oxides is practically nonexistant.

Since nitrogen oxides are produced by stationary and vehicular
combustion sources, both of these sources contribute to smog. The
exact role of each has not been clearly defined.

Regulation of nitrogen oxides

At present regulation of nitrogen oxide as a gaseous pollutant from
powerplants has received only secondary attention. The National Air
Pollution Control Administration will not issue criteria for their
emissions until 1971.

Actual regulation now is carried out by State and local air pollution
control agencies, as with sulfur oxides.

Control systems .

No tested systems to control the emission of nitrogen oxides are
commercially available for powerplants. In comparison to the mas-
sive effort now underway to control the oxides of sulfur, research on
nitrogen oxide control is practically nonexistent.

Use of alternative fuels is not a real option because, as seen above,
the combustion of fossil fuels all yicld roughly comparable quantities.

Cost of control

At present any cost estimate for control of nitrogen oxide emissions
would i< purely speculative.

Solid wastes from powerplants

Fly ash and furnace ash arc wastes from combustion of oil and coal
in powerplants. Emissions are dependent upon fuel quality, type of
equipment, size and method of firing, and maintenance and operation.
Ash emission from burning of natural gas is insignificant in comparison
with other fossil fuels.
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Effects of fly ash

The principal environmental effect of fly ash which is discharged to
the air is the dirt it deposits on surrounding homes and factories.

The 297 million tons of coal burned for clectric power in 1968 pro-
duced approximately 29.6 million tons of this waste material. Until
about 10 years ago, nearly all of this was stored in piles near the utility
plant, resulting in destruction of the vegetation near the plant, creating
an adverse esthetic effect, contributing to air pollution as the dried ash
blew about, and damaging streams, crops and vegetation by the
leaching of chemicals from the ash piles by rain water. It is estimated
that 200 million tons have been stored on the surface in the past 10
years. If the storage piles averaged 40 feet in height, approximately
2000 acres would- be covered with this material. One estimate of the
ash to be generated by coal combustion from 1968 to the year 2000 is -
for 1.9 billion tons, which would occupy 20,000 acres if not otherwise
disposed of.

Regulation of particulate emission ‘
Regulation of the amount and characteristics of particulate emis-
sions permitted from powerplants and other users of fossil fuels is the

function of local air pollution control agencies.

Conirol of particulate emissions

Control of emissions from powerplants has, in the past, emphasized
“smoke” and particulate control. Four fundamental types of control
equipment have been developed: mechanical separators, electrostatic
precipitators, bag houses, and scrubbers. There latter two are found
most frequently in conventional manufacturing industries and are
often included to recover otherwise valuable lost materials.

The techiiology to collect fly ash has shown a continuing improve-
ment. The average cfficiency of collectors being specified for modern
powerplarts ranges from 98 to 99 percent. The Office of Science and
Technology expects this trend will continue.

Rescarch in clectrostatic precipitation is now focused mainly in the
collection efficiency region above 99 percent. Despite an anticipated
decrease in particulate emissions, some increases are anticipated in
the emissions of very small particles. OST notes that these very small
particulates may be found to be of particular significance in regard to
health effects and possible long-term effects upon the climate.

The disposal of fly ash, as indicated above, presents some problems,
particularly if the solid wastes from certain air cleaning processes are -
added. One approach to disposal of fly ash has been research to
convert it into a useful byproduct. At a recent conference on fly ash
disposal! it was forecast that in 1975 the electric utilities of the
United States will be producing fly ssh at a rate of approximately
29 million tons per year, together with approximately 13.5 million
tons of ash and slag from the furnaces for a total ash production of
42.5 million tons. To dispose of this waste commercially will require
improved technologies of use and marketing ‘techniques.

Radioactive wastes from nuclear-power

The fissioning of uranium or plutonium atoms in a nuclear power
reactor produces large quantities of intensely radioactive materials.
In fact, the weight of the radioactive waste products virtually equals

1 “New Uses For Fly, Other Ash Told to 300 at Pittsburgh,” Electrical World, Mar. 30, 1970, pp. 22-23.
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the weight of the nuclear fuel atoms that fission. In addition, structural
and other materials within a power reactor may become radioactive
because of exposure to the neutrons emitted during fission.

Most of these wastes are enclosed swithin the fuel elements within
the reactor, although some of them may escope from the fuel elements
through small imperfections in their cladding. These escaped wastes
remain within the reactor, which is a closed systen.

For routine operations, radioactive wastes from & nuclear power-
plant reach the environment in one of two ways. Radionctive gases are
collected and routinely vented to the outside air, usually from a tall
stack or from a blower atop the powerplant. These gases include
radioactive krypton and xenor:.. Some vapors of iodine may also appear
depending upon the amount of leakage from the fuel. Other radio-
active wastes are routinely collected during powerplant operations.
A small part of these may remain in plant waste waters after these
have been filtered and in other ways treated to remove the greatest
pitrt of them. The waste water is mixed in with cooling water leaving the
plant.

Effects of radioactive wastes

Radiation from radioactive wastes depending upon the amount and
nature of the waste and the conditions of exposure to it, may produce
noticeable biological effects. Large exposures to such radiation from
wastes in the environment or that find their way into an organism,
can cause injury or death. The exposures that produce these effects
arc well known and the nature of the ecffects are established. This
kind of exposure is unlikely to result from the routine operation of a
nuclear powerplant, except for an accident which might rupture the
reactor and disperse its radioactive contents to the surroundings. The
exposure which has prompted most recent concern is prolonged ex-
posure to very small quantities of radioactive wastes which produce
radiation less than much of the radiation which exists in.nature from
naturally radioactive minerals.

Although the radioactive wastes routinely discharged from a
nuclear powerplant are within limits specified by the Atomic Encrgy
Commission, some scientists have expressed concern that these small
amounts if continuously emitted for long periods of time may find
their way into the food chains and water supply. Some waterplants
and animals tend selectively to remove and concentrate certain
radioactive wastes. For example, radioactive species of cobalt, cesium,
and manganese arc concentrated in the edible tissues of shellfish,
while in dairy country radioactive iodine vapors that condense on
grass may appear in the milk of the cows that eat the grass.

The aspect of radiation which arouses the most concern and con-
troversy 1s its postulated cffects upon the genetic mechanism. It-is

“well known that large exposures to radiation can cause mutations
in animals such as fruit flies. What is not as well known is the effect
. of small amounts of radiation upon the inherited characteristics of
human beings and other living things. The Federal Radiation Couneil
in its first report had this to say about the genetic effects of radiation:

Although 1onizing radiation can induce genetic and somatic effects
(cffects on the individual during his lifetime other than genetic
effects), the evidence at the present time is insufficient to justify
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precise conclusions on the nature of the dose-offect relationship
especially at low doses and dose rates. Morcover, the evidence is
insufficient to prove ecither the hypothesis of a “damage threshold”
(a point below which no damage occurs) or the hypothesis of “no
threshold” in man at low doses.! Because of limitations of knowledge
and the complexities of assessing the effocts or radiation exposure,
the FRC endorses the philosophy that all exposures should be kept
as far below any arbitrarily selected levels as practicable. “There
should not be any man-made radiation exposure -vithout the ex-
pectation of benefits resulting from such exposure.” 2

Regulation of radioactive wastes :

Until recently it was commonly assumed that Congress in the
Atownic Energy Acts of 1946 and 1954 had preempted to the Atomic
Energy Commission the authority to regulate emission of radioactive
wastes from nuclear powerplants. The AEC’s regulatory system takes
a twofold approach. First, the nuclear powerplants cach must obtain
first a construction permit to build the plant and then an operating
permit to put it into operation. The AEC review of the plant design
and construction prior to issuing such permits looks into measures to
control the discharge of radioactive wastes. Second, the AEC’s regu-
lations in part 20 to title 10 of the Code of Federal Regulations
establishes specific limits for the emission of radioactive materials
from nuclear powerplants. These latter regulations, however, do not
extend to control of natural materials or those that are made arti-
ficially radioactive with machines other than nuclear reactors. Control
of these substances remains with the States. The AEC on March 28,
1970 announced a proposed amendment to 10 CFR 20 which would
require licensces of power reactors to make “* * * overy reasonable
cffort to maintain radiation exposures and releases of radioactive
materials in effluents to unrestricted arcas as far below the limits
specified * * * as practicable.” Recently the -Minnesota Pollution
Control Agency in issuing a permit for the operation of a large nuclear

- powerplant, included a limitation upon discharge of radioactive

wastes which is more restrictive than those of the AEC. The issue of
whether this State agency can apply stricter controls than those of
the AEC was still in Federal court for decision in April 1970.

The AEC regulations on emission of radioactive wastes are inter-
pretations of guides laid down by the Federal Radiation Council.
These guides, in turn, are largely derived from the judgement of
scientists who are members of the semiofficial National Council on
Radiation Protection and Measurements [which has a Federal charter
but receives no Federal funds] and the unofficial but prestigicus
International Committee on Radiation Protection.

The scientific validity of present AEC regulations in 10 CFR 20
recently has been chullcngcdl before the Joint Committee on Atomic
Energy and the Subcommittee on Air and Water Pollution of the
Senate Committee on Public Works. The Secretary of Health, Educa-
tion and Welfare also reportedly has called for a general review of the
basis for the radiation standards.

! “‘Backgronnd Material For the Development of Radiation Protection Standards,” Staff Report No. 1

of the Federal Radlation Council, May 13, 1966, p. 36.
2 Tbtd., p. 37.
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The principal recent challenge has come from two scientists of the
AEC’s Lawrence Radiation Laboratory. Drs. John W. Gofman and
Arthur R. Tamplin state that in their opinion the most crucial prob-
lem facing everyone concerned with atomic energy is to “ * * * secure
the carlicst possible revision downward, by at least a factor of tenfold,
of the allowable radiation dosage to the population from peaceful
atomic energy activities.”’ !

Conseguences of & major nuclear accident

While the AEC asserts that the likelihood that a major accident
with a nuclear reactor might release much of its contained radioactive
wastes is very small, it did in 1957 publish a report on the theoretical
possibilities and consequences of such an aceident. The purpose of
quoting the following excerpts is not to suggest that such an accident
is probable, but to indicate what might be the range of results should
the improbable accident occur.

According to this AEC report, and depending upon the type of
accident and the amount o? the radioactive wastes released, the

effects might be as follows:

* * % the theoretical estimates indicate that personal damage might range from
a lower limit of none injured or killed to an upper limit, in the worst case, of about
3,400 killed and about 45,000 injured.

Theoretical property damages ranged from a lower limit of about onec-half
million dollars to an upper limit in the worst, ease of about $7 billion. This latter
figure is largely due to assumed contamination of land with fission produects.

Under adverse combinations of conditions considered, it. was estimated that
people eould be killed at distanees up to 15 miles and injured at distances of about
45 miles. Land contamination could extend for greater distances.

In the large majority of thcoretical reactor accidents considered, the total
assumed losses would not exceed a few hundred million dollars.

The AEC has since declined to revise or update this study.

Disposal of high level radioactive wastes

The most likely places for large amounts of radioactive materials
to escape to the environment during the routine generation of nuclear
power appears to be not at a powerplant, but in the transportation
of used fuel from a powerplant to a fuel reprocessing plant, during
subsequent reprocessing, there, and in the long term disposal of the
radioactive wastes.

After nuclear fuel has been in a power reactor for perhaps a year
or more, or if it becomes too damaged for safe use, it is removed.
After interim storage at the powerplant, to permit some of its radio-
activity to diminish, the used fuel is carried by truck or rail in special
containers to a fuel reprocessing plant. There the still usable uranium
or plutonium is recovered from the used fuel for subsequent reuse
in new fuel. '

At present there is one operating commercial nuclear fuel reproc-
essing plant in the United States, near Buffalo, N.Y. Another is
nearing completion near Chicago, Ill., and a third is supposed to start
construction in South Carolina during 1970. :

At the reprocessing plant, the used nuclear fuel is chopped up and
dissolved. The radioactive gases released from the fuel generally would
be emitted to the air in concentrations permissible under AEC regu-
lations. Most of the intensely radioactive fission products remain in

! Testimony of Drs. Gofman and Tamplin before the Subcommittee on Air and Water Pollution, Senate
Committes on Public Works, Nov. 18, 1969.
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the waste liquors of the process. The weight of these radioactive
wastes is virtually equal to the weight of the uranium that fissioned
while the fuel was in the reactor. 1t is during the reprocessing that
the intensely radioactive wastes are in forms which could most easily
rench the environment in an accident.

What to do with the wastes is somewhat of an open question. The
AEC expeets they will be put into solid form and stored in worked-
out salt mines. At the moment there is no commercial service for high
level radioactive waste dispesal. The word “disposal” itself is not
accurate, for these wastes cannot be released to the environment.
Thus they must be stored indefinitely.

In May 1966, a committee of the National Academy of Sciences in.
advising the Atomic Encrgy Commission on geologie aspects of radio-
active waste disposal, reiterated the basic rule that “*** concentra-
tions of radionuclides in waste materials should not be allowed to
appear in the earth’s biosphere before they have decayed to innocuous
levels.” ! This concept requires assurance that during any storage or
disposal operations, hazardous amounts of radioactive wastes are
isolated from the environment, and that upon completion of the reproc-
essing, the wastes will remain isolated as long as they might constitute
a hazard. For some species of radioactive wastes, this means isolation
for periods of six to ten centuries, periods sa long, notes the conunittee,
that neither perpetual care nor permanence of records can be relied
upon. The conunittee did not object to radioactive materials reaching
the environment in concentrations less than those specified in AEC
regulations. Within those limits the committee said it had no concern.
Rather it was the possibility of cumulative buildups of long-lived
radionctive wastes that may exceed these limits after continued use
of doubtful practices and the prospect ¢f unforeseen concentrations
in excessive amounts resulting from unexpected and uncontroliable
alterations in the future environment that the committee wished to
guard against. As for the economics of long term waste disposal, the
cominittee observed that while these are of concern, “* * * they arc
relegated to second-rank consideration, safety being the matter of
first concern always.” 2 ' :

The Atomic Encrgy Commission estimates that over tho past 10
years, improvements in chemical processing have reduced the waste
volumes from about 1,500 gallons per ton of used uranium processed
to about 100 gallons per ton. Assuming an installed nuclear generating
capacity of 123,000 megawatts by the year 1980, the AEC estimates
the acsumulated high level wastes in solution from nuclear power
would be 3.5 million gallons, which could be reduced to solids with a
volume of about 35,000 cubic feet, the equivalent of a cube of 32 feet
to a side. Looking ahead to an installed nuclear capacity of 675,000
megawatts by the end of the century, the accumulated high level
liquid wastes,  if not previously solidified, would total 55 million
gallons, and with a solid volume of 550,000 cubic feet. The AEC
categorically states that disposal of high level wastes will pose no
significant problem technically or economically.?

1 “Report to the Division of Reactor Development and Technology, U.S. Atomic Energy Commission,”
National Academy of Sciences-National Research Council, Division.of Earth Sclences, Committee on
th}l&n&c A.sggcts of Radioactive Waste Disposal. May 1966, p. 18.

P .
3 ’I‘estl'mouy of Milton Shaw as excorpted in ‘‘Selected materials on environmental effects of producing
electric power." Joint Committee on Atomic Energy, 91st Cong., 1st sess., 1969, p. 45.
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The ultimate risk to the environment from reprocessing of nuclear
fuels and storage of their wasies in the long run seeins likely to depend
upon how well the reprocessors comply with AEC regulations. The
commercial fuel reprocessor, as is any other service industry, will be

under financial pressure to reduce costs which inight lead to an attitude

of bare compliance, or even neglect of AEC regulations rather than a
determined attitude to reduce emissions of radioactive wastes to the
lowest level permitted by the fuel reprocessing technology.

Another open item is the question who will own and operate the
salt mines or other places for the long terin storage of the radioactive
wastes.

ENVIRONMENTAL ASPECTS OF TRANSMITTING ELECTRICITY AND THEIR
ECONOMIC ASPECTS

The trend toward very large steam-electric powerplants, the growing
public insistence upon reliable supply of clectricity, and a trend
toward citing large powerplants outside of urban arcas all combine to

‘increase the demand for more transmission lines. Yet the scarcity of

land in the areas of high population, which also are the large users of
electricity, and increasing public resistance to transmission lines
because of their environmental effects, are two factors that are likely
to reduce the ability of the clectricity industry to deliver clectricity
when and where needed during the coming decades.

Primary functions of ¢ transmission system

The primary function of a transinission system is, of course, to carry
elcctrieity from generating stations to the areas where it is distributed
to local customers. In addition, from the standpoint of bulk power
supply—whieh is becoming more important because of the trend
toward large plants—there are three more objectives for adequate
transmission capacity. These are to—

(1) Provide additional support for any load areas-as may be
required in emergencies. The network must be able to handle the
automatic flow of power within the system and through its
associated interconnections.

(2) Transfer, without serious restrictions, capacity and energy
within regions and when available between regions to meet power
shortages.

(3) Exchange power and energy on a regional and interregional
scale, and to achieve cconomies in capital and operating costs.

. Some effects of transmission systems

In the carly days of electric power systems, generating plants werc
located next to their customers and there was little long-distance
movement of any large amounts of clectricity. Then as distant
customers began to use electricity and as transmission from remote
hydroelectric plants became a reality, a trend set in toward higher
voltage transmission systems.! As the practical transinission distances
increased, it became feasible to consider placing new generating plants
at places relatively remote from the load centers, which opened up
an entirely new outlook upon the siting of powerplants. This was
particularly true for the hydroelectric plants and there followed an

1 As a general rule, doutiing the voltage of a transmission system quadruples the electrical energy it
can CaITy.
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era of dam building and hydroclectrie development. Later, the idea
of placing a steam-electrie powerplant at the mouth of & coal mine
was made feasible by improvements in transmission technology.

The same increases in eleetric power transmission capability and
reduction of unit costs for carrying electricity made it feasible to
move large amounts of power between neighboring power systems
under exchange or interchange arrangements. The recent trend
toward joint-owned generating plants to permit use of larger instal-
lations than could be afforded or used by one system alone has been

» made possible by improved transmission. At the same time, however,
joint ownership places greater emphasis on the transmission line
costs and right-of-way problems which can be controlling in the
selection of a site for such an installation.

4 The independence of nuclear powerplants from location of primary
energy sources suggests the possibility of selecting sites in the vicinity
of load centers which may somewhat reduce requirements for trans-
mission. However, strong interconnections would still be needed to
assurc adequate reliability of interconnected systems.

Technological trends in transmaission lines

From the introduction of 110 kilovolt alternating current trans-
mission in the United States in 1908 to about 1950, therc was a
steady increase in the voltage of transmission lines. See table 49.
Then during the 1950’s the development of still higher voltage (in
excess of 200 kilowatts), or extra-high voltage (EHV) transmission
began. The first signification application of direct current EHYV in
the United States was expected to go into service late in 1969. It is
an 800-mile line at 400 kilovolts between the Pacific Northwest and
the Pacific Southwest which will be capable of transmitting about
1,330 megawatts.

TABLE 49.—MAXIMUM TRANSMISSION VOLTAGES IN THE UNITED STATES

Year : Kilovalts

' Source: National Power Survey, pt. 1, p. 14,
' Forecasts for transmission lines
The FPC report cf 1967

In its 1967 report on the prevention of power failures, the Federal

Power Commission projected a possible pattern of nceded power

transmission capability for 1975 and estimated the approximate cost.

About half of the added lines were already progmmeg or then under

consideration by utilities or pools for completion’in the later 1960’s or

.carly 1970’s. A major part were in the east-central, north-central, and

far west regions of the United States. Additions in EHV lines beyond

those scheduled for service in 1667 included 16,000 miles of 345 kilo-

© . volt line, 21,400 miles of 500 kilovolt line, 5,750 miles of 765 kilovolt

[MC .3 ~"lines and 1,665 miles of 400 kilovolt direct current transmission.
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As for the comparative w::pacity of these lines for carriage of el
tricity, if 230 kilovolt tran=mission is taken as unity, a 345 kilovoit
line can carry 2.75 times as much eleetricity; a 500 kilovolt line §
times as much, and a 765 kilovolt line 16 times as much.

As estimate of the approximate cost of the transmission system
additions from 1967 through 1975 was $8 billion.

The current forecast

The Federal Power Commission last year reported the projected.
general plans for transmission of its six regional advisory committees
as shown in table 50. The FPC staff, which 1s independently examining
projected requirements, considers these estimates as an appropriate
guide for the general size of transmission needs.

Environmental effecis of transmission lines

The most obvicus environmeital effect of clectrie transmission is
the sight of the towers and their cables, and the accompanying with-
drawal of land from other use. Lesser effects include nterference with
reception of radio and television signals under certain conditions and,
in the case of direct current lines, the possibility of cerrosion of under-
ground metallic structures, such as sewer or water pipes, beeause of
electrical currents within the earth.

The 300,000 miles of clectric power transmission lines in service
today occupy about 4 million acres of land, or the equivalent of more
than 10,000 average sized farms. By 1990 the forecast 497,000 miles of
transmission lines will require roughly 7,100,000 acres, or more than
11,000 square miles. In comparison, the area of the State of Connecticut
is 5,000 square miles. The rights-of-way widths will probably average
more than 142 feet for a single circuit line. The higher voltage trans-
mission lines will require widths of 200 feet or more, and multiple line
rights-of-way will be still wider. '

TABLE 50.—PRO'ECTED TOTAL INSTALLATION OF MAJOR TRANSM:SS!ON LINES IN CIRCUIT MILES

Voltage class (kilovolts) 3 1970 1980 1990
235, 000 290, 000 335, 000

40, 500 59,300 67,000

16, 600 34,500 50, 500

7,500 21,300 34,700

560 ,500 10,200

L N 300, 160 408, 600 497,400

Source: “'Environmental effects of producing electric power.'” op. cit., p. 58,

The greater use of BEHYV transmission will minimize the total
number of miles of overhead transmission, but the wider rights-of-
way, the more niassive and higher towers, and the larger conductors
could, in view of the FPC, compound the problems in seeking to
preserve environmental values.!

Through the 1990’s it is expected that overhead transmission will
dominate, for the technology for high voltage underground transmis-
sion is not expected to be available. A large, 2,400 megawatt power-
plant typically would -be the juncture of three rights-of-way, each
200 feect wide. :

1 Ibid., p. 59.
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It is apparent, according to the FPC, that the more densely popu-
lated regions are generally expected to have the greatest increase in
transmission requirements. Thus it should be anticipated that utilities
serving these population centers will encounter increasing difficulties
in acquiring new rights-of-way in these areas.!

Regulation of transmission lines

Governmental review of proposed transmission line construction is
limited for both the Federal and State levels of government. FPC
regulatory authority is largely limited to lines associated with Govern-
ment licensed hydroelectric plants, or land of such projects crossed
by transmission lines. As for the States, with few exceptions, State
regulatory conumissions are vested with little or no authority over
the location of transmission lines. Less than a dozen States report
they have significant jurisdiction over new transmission lines. The
remainder either have no jurisdiction, or have jurisdiction in special
cases only. Of the 51 State regulatory commissions, 25 have no
jurisdiction of any kind over the routing of transmission lines. Of the
51 regulatory commissions, 16 indicated that esthetics and environ-
mental matters were, or could be, among the factors taken into
consideration. Others indicated their review was limited by law to
matters such as safety, property of investiment, and necessity for the
line. In many States, transmission line construction is regulated
piecemeal by local agencies.?

Corrective measures

Two different approaches to mitigating the effects of transmission
lines are visible. One is to put the lines underground. The other is to
encourage multiple use of the land required for their rights of way.

Underground transmission of eleciricity

Ideally there should be more underground transmission in urban
arcas, in locations of cxceptional beauty, along scenic highways and
rivers and through historic sites. However despite the mounting public
desire for more underground transmission, the technology to do so is
developing slowly. Even if EHV underground transmission technology
is developed, it seems likely that the anticipated high costs for its
use in the foreseeable future will preclude any significant shift from
overhead transmission.

Multiple land use

One way to reduce the impacts of rights-of-way is to permit multiple

use. For example, electricity, gas, oil, and rail traffic might move in the
same corridors. Or, the rights-of-way might be used for recreation, or
agriculture. However, as Vice Chairman Carl E. Bagge of the Federal
Power Commission points out, the historical relations among utilities
is one of independence and outright opposition to the idea of joint
use. In his opinion, the Nation must evolve transportation and com-
munication and energy corridors as an urgent matter of national
policy. Yet there is still no effective communication between the rail,
gas,® and electric interests to this end.
" 1"This themo was explored in more detail by FPC Vice Chairman Carl E. Bagge before the Joint Com-~
mittee on Atorsle Energy in 1969. CI. “Environmental Effects of Producing Electric Power,” op. cit.,
pg"?eggr%ny OfiChBirmmll John N. Nassikas of the Federal Power Conimission before the Joint Commit-
tee on.Atomic Enorgy. Cf. “Environmuntal Effccts of Producing Electric Power,” op. cit., p. 66.

2 Testimony of Vice Chairman Carl™B: Bagge, Federal Power Commission, before the Joint Committes
on Atomic Energy: Cf. “Environmental Effects of Produelng Power,” op. cit., pp. 472-473.
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The Electric Power Council on Environment

One response of the clectricity industry to the growing problems
caused by the adverse effects of some powerplant operations was the
formation of an Electric Power Council on Environment. Formed on
September 25, 1969, the council’s membership includes representatives
of the privately, publicly and cooperatively owned power systems and
the Federal operations of the Department of the Interior and the
Tennessze Valfcy Authority. The council’s objectives are:

" Coordination of industry environmental programs;
Encouragement of cooperation between Government and
industry; and
Stimulation of environmental research.

Four committees of the council will cover air pollution, water
pollution, land use and esthetics. The representatives of the privately
owned utilities are also members of the Edison Electric Institute’s
Committee on the Environment.
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Eiectric PowER, FueLs DEVELOPMENT, AND PROTECTION OF THE
ENviRONMENT: LEGISLATION INTRODUCED IN THE 91sT CONGRESS

Wallace D. Bowman, Assistant Chief, Environmental Policy Division, Legis-
lative Reference Service

INTRODUCTION

Significant issues that have influenced national energy poliecy over the past
decade include: (i) a steadily rising public demand for more power and also .a
cleaner environment; (i) the reeent incidence and continued expectation of power
“blackouts’; (iii) a host of unsettled questions regarding puglic acceptance of
nuelcar power development, and; (iv) the growing U.S. dependence on offshore and
foreign oil resources. Widespread concern has been expressed over oil spillages
from wells and tankers, conflicts between the siting of new powerplants and the
preservation of seenie resourees, radioactivity risks and thermal pollution problems
of nuclear powerplants, and the destruction of land resources from coal mining

_and processing. The urgency of the task of satisfying both the expanded demand

for electric power and considerations of environmental quality is underscored by
%w cxceptionally large volume of encrgy-related legislation introduced in the 91st
ongress.
Selected bills introduced in the 1st and 2d sessions (through April 15, 1970) arc
listed below under three headings: “Power Production,” ‘‘Fuels Development,”
and “Environmental Protection.” E

(119)
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AppExnDIX II

PusrisHED HEARINGS AND REPORTS OF CONGRESSIONAL COMMITTEES
ReLativg 70 PoLLution aNpD ENVIRONMENTAL QUALITY, 1965-69

House
Commitice on Educalion and Labor
““Uranium miners compensation.” Hearings before the Sclect Subcommittec
on Laboron H. R. 14558and H. R. 16302. 90th Cong., 1st sess., 1967, 185 p-
“/Coal minc health and safety.” Hearings before General Subcommittee on
Labor on H. R. 4047, H. R. 4295, and H. R. 7976. 91st Cong., 1st. scss.,
1969, 2 vols., 658 and 100 p.

Commiitce on Foreign Affairs

“International implications of dumping poisonous gas and waste into occans.”
Hearings before Subconmnittee on International Organizations and Move-
ments, 91st Cong., 1st sess., 1969, 151 p.

Commiltee on Government Opcerations

““Critical nced for a national inventory of industrial wastes. (Water pollution
control and abatement).” 30th report by the * * * 90th Cong., 1st scss.,
1967, H. Rept. 1579, 34 p.

““Federal air pollution R. & D. on sulfur oxides pollution abatement.”’” Hear-
ings before a Subcommittec of the * * * 90th Cong., 1st sess., 1967, 95 p-
““Effects of population growth on natural resources and the environment.”

Hearings before Subcommittee, 91st Cong., 1st sess., 1969, 256 Pp.

““Environmental dangers of open-air testing of lethal chemicals.”” 10th report
by the * * * 91st Cong., 1st sess., 1969, H. Rept. No. 91-633, 62 p.

“Federal air pollution rescarch and- development, interim report on sulfur
oxides pollution abatement R. & D.” 2d report by the * * * 9]st Cong., 1st

. sess., 1969, 21 p.

“1966-68 survey of water pollution control and abatement at Federal
installations.” 1st report by the * * * 91st Cong., 1st sess., 1969, 159 p-
““Transferring environmcental evaluation functions to Environmental Quality
Council.” Hearing before Subcommittee, 91st Cong., 1st sess,, ‘on H.R.

11952, 19656 p.

““Transportation of hazardous materials.”” Hearing before the Subcommittee

on Government Activitics, 91st Cong., 1st sess., 1969, 44 .

" Commdltee on Intersiale and Foreign Commerce

““Natural gas pipeline safety.”” Hearings before the Subcommittce on
Communieations and Power, on H.R. 6551 and S. 1166, 90th Cong., lst
and 2nd sess., 1967-1968, 244 p. .

“*Air pollution control research into fuels and motor vchicles.” Hearing before
the Subcommittce on Public Health and Welfare, 91st Cong., 1st scss., on
H. R. 12085, 1969, 125 p.

"Pipeline safety, 1969.”" Hearing before Subcommittee on Communications
and Power, 91st Cong., 1st sess., 1969, 109 p.

“Review of eclectronic products radiation hazards.” Hearings, 91st Cong.,
1st sess., 1169, 308 p. :

Commiltee on Merchant Marine and Fisheries

““Council on Environmental Quality.” Report to accompany H.R. 12549,
91st Cong., 1st scss., 1969, H. Rept. 378, 2 parts, 37 p-

““Environmental quality.”” Hearings before Subcommittce on Fisheries and
Wildlife Conservation, on H.R. 6750, 91st Cong., 1st sess., 1969, 472 p.

““Oil pollution.” Hearings on H.R. 6495, H.R. 6609, H.R. 6794, and H.RR.
7325, 91st Cong., 1st sess., 1969, 493 p.
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Commiltee on Public Works

“Water pollution—1967."” Hearings, 90th Cong., 1st sess., 1967, 249 p.

“Federal water pollution control act amendments, 1968."" Hearings, on H.R.
15966 and related bills. 90th Cong., 2d sess., 1968, 718 p.

“Federal water pollution coatrol act amendinents, 1969.” Hearing on H.R.
4148 and related bills, 91st Cong., 1st sess., 1969, 677 p.

*Qil spillage, Santa Barbara, California.” Hearing before Subcommittce on
Flood Control and Subecommittee on Rivers and Harbors, 9ist Cong.,
1st sess., 1969, 310 p.

“Water quaiity improvement act of 1969.” Report from the * * * to
accompany H.R. 4148, 91st Cong., 1st sess., 1969, 60 p. H. Rept. 91-127.

Commaitee on Scionce and Astronautics

“The adequacy of technology for pollution abatement.”” Hearings before the
Subcommittce on Science, Research and Development, 89th Cong., 2d
sess., 1966, 915 p. ’

“Adequacy of technology for pollution abatement.” Report of Research
Management Advisory Panel through Subcommittee on Seienee, Researels,
and Development, 89th Cong., 2d sess., 1966, 17 p. Committee print.

“‘Environmental pollution—a challenge to seience and technology.” Report
of the Subeommittee on Science, Research and Development. 89th Cong.,
2d sess., 1966, 60 o. Committee print.

“Environmental quality.” Hearings before the Subcommittee on Seience,
Research and Development on H.R. 7796, 13211 and 14506, $0th Cong.,
1st sess., 1967, 588 p.

‘““Managing the environment.” Report of the Subcommittee on Seienee
Research and Development, 90th Cong., 1st sess., 1967, 59 p. Committee
print.

House Commatlee on Science and Astronautics and Senate Commitice on Inierior and
Insular Affairs :
““A National policy for *he environment.” A Congressional White Paper
submitted to Congress under the auspices both Committees. 90th Cong.,
2d sess., 1968, 19 .
SENATE
Committee on Commerce
“Overhead and underground transmission lines.” Hearings before the Senate
C{;)é'gn};erge Committee on S. 2507, 5. 2508, May 1966. 89th Cong., 2d sess.,
1 , 393 p.
““Natural gas pipeline safety regulations.”” Hearings on S. 1166, 90th Cong.,
1st sess., 1967, 426 p.
“Effcets of pesticides on sports and commercial fisheries.” Hearings before
the Subecommittee on Energy, Natural Resourees, and the Environment,
91st Cong., 1st sess., 1969, pt. 1, 278 p.
““Gas pipeline safety oversight.” Hearings before Subcommittec on Surface
Transportation, 91st Cong., 1st sess., 1969, 55 p.

Committees on Commerce and Public Works

‘““Electric vehicles and other alternatives to internal combustion engine.”
Joint hearings on S. 451 and 8. 453, 90th Cong., 1st sess., 1967, 550 p.

Committee on the District of Columbia .

‘“Problems of air pollution in the District of Columbia.”” Hearings before the
Subcommittee on Business and Commesce and the Subeommitteec on Pub-
lgiggHenlth, Eduecation and Welfare, and Safety. 90th Cong., 1st sess., 1967,

p-

Commattee on Government Operations
‘“Establish a Select Committee on Technology and the Human Environment.”’
Hearings before the Subcommittee on Intergovernmental Relations on S.
Res. 68. $0th Cong., 1st sess., 1967, 409 p.
“Establish A Seclect Scnate Committee on Technology and the Human
Environment.”” Hearings before the Subeommittee on Intergovernmental
relations, 91st Cong., 1st sess., on S. Res. 78, 1969, 334 p.

Committee on Interior and Insular Affairs
“Surface mining reclamation.” Hearings on S. 3132, S. 3116 and S. 217. 90th
Cong,., 1st sess., 1967, 28 p. ‘ ]
~ “Joint Colloquium on a national policy for the environment.”” Hearing. 90th
Cong., 2d sess., 1968, 233 p.
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“National environmental policy.”” Hearing on S. 1075, S. 237, and S. 1752,
91st Cong., 1st sess., 1969, 234 p.

“National environmental policy act of 19A9.” Report from the * * * to ac-
company S. 1075, 91st Cong., 1st sess., 1969, 48 p.

Committee on Labor and Public Welfare

“Water pollution, 1969”. Hearings before Subcommittec on Air and Water
Pollutiou, on S. 7 and S. 544, 91st Cong., 1st sess., 1969, pt. 4, p. 919-1584.

Commiitice on Public Works

“Air pollution, 1967 (Air Quality Act.)”” Hearings before the Subcommittee

on 47271115% Water Pollution on S. 780. 90th Cong., 1st sess., 1967, Pts. 2-4,
p- ~2694.

“Vgater pollution, 1967.”" Hearings before the Subcommittee on Air and
Watcr Pollution, 90th Cong., 1st scss., 1967, pts. 1, 2; 721 p.

“Air pollution.” Hearings before the Subcommittee on Air and Water Pollu-
tion, 90th Cong., 2d sess., 1968, 808 p.

“Ajr quality criteria.”” Staff report for thc Subcommittee on Air and Water
Pollution, 90th Cong., 2d scss., 1968, 69 p., Committee print.

“Phemal pollution.” Hearings before the Subcommittee on Air and Water
Pollution. 9$th Cong., 2d scss., 1968, 3 pts, 1060 p.

“Waste management rescarch and environmental guality.” Hearings before
the Subcommittee on Air and Water Pollution 90th Cong., 2d sess., 1968,

451 p.

“Water pollution.”” Hearings beforc the Subcommittee on Air and Water
Pollution on S. 2525 and % 3206. 2 pts, 822 p. .

“Amending Federal water pollution control act, as amcuded and for other
pugpose;(.)” Report of the * * * to accompany S. 7, 91st éong., 1st scss.,
1969, 120 p.

“Clean Air Act amendinents of 1969.” Rcport of the * * * to accompany
S. 2276, 91st Cong., 1st sess., 1968, 14 p. : ‘

‘Water pollution, 1969.” Hearings before Subcommittee on Air and Watcer
Pollution, on S. 7 and S. 544, 91st Cong., 1st scss., 1969, 3 pts., 918 p.

* Joint Committee on Atomic Bnergy

“Licensing and regulation of nuclear reactors.” Hearings, 90th Cong., 1st
scss., 1967, 497 p.

“Radiation cxposurc.of uranium miners.” Hearings, 90th Cong., 1st scss.
1967, 1373 p.

“Environmental cffcets of producing clectric power.”” Hearings, 91st- Cong.
1st scss., 1969, pt. 1, 1108 p.

“Radiation standards for-uranium mining.”” Hearings before Subcommittee on
Research, Development, and Radiation, 91st Cong., 1st scss., 1969, 414 p.

“Selected materials on cnvironmental cffcets of producing clectric power.”
Joint committce print, 91st Cong., 1 st sess., 1969, 553 p.
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SELECTED ARTICLES ON ENERGY DEVELOPMENT
Cheryl Prihoda, Library Services Division, Legislative Reference Service

Battclle Memorial Institute, Columbus, Ohio. Pacific Northwest Laboratories,
A rceview and comparison of seleccted United States energy forccasts;
prepared for the Executive Office of the President, Office of Science and
Technology, Encrgy Policy Staff. Washington, For sale by thc Supt. of
Docs., U.5. Govt. Print. Off., 1969 [i.e., 1970] 79 p.
Boydstun, L. B., Allen, G. H., Garcia, F. Q. .

Reaction of marine fishes around warmwater discharge from an atomic

steam-generating plant. Progressive fish-culturist, v. 32, Jan. 1970: 9-16.
Charlier, Roger Henri.

Tidal cnergy. Sea frontiers, v. 15, Nov.-Dec. 1969: 339-348.

“On November 26, 1966, on the Rance River in Brittany, near the
erstwhile pirate town of St. Malo, the cofferdams were removed from
the turbines of the first hydroelectric plant to use the energy of the tides.
Full operation of the plant began in 1967.” -

Cowmpeting needs of forest and cities tested. Congressional quarterly weekly
ceport, v. 27, Nov. 7, 1969 2223-2226. -

Discusses proposal by New Jersey power companies to make Tocks Island
Reservoir and Dam part of a much larger pumped storage project. Con-
servationists fear that the natural beauty and value of the immediate arca,
especially Sunfish Pond, will be seriously damaged.

Docs Uncle Sam give a dam? Consumer report, v. 35, Mar. 1970: 170-173,

‘“Congress has a rare chance to end private exploitation of a vast public
resource,’”’ hydroelectric power.

Energy for the world’s technology. New scientist, v. 44, Nov. 13, 1969: 1-24.

*“The fuel industries are continually searching for more efficient ways of
finding, extracting, and using fuel, and this feature scetion of NEW SCIEN-
TIST reflects some of the aspects of that work,” Specific articles on coal,
fuel cells, nuclear power.

Glaser, Peter E.

Beyond nuclear power—the larger-scale use of solar energy. Transactions
of the New York Academy of Sciences, v. 31, Dec. 1969: 851-967.

“The following discussion of the futurc usc of solar energy does not
predict ; it defines an alternative to guide the planning of future power-
generating capacity so we will not deteriorate the quality of our ‘space-
ship’ earth.” : :

References, p. 966-967.

Graham, Frank, Jr. }
Tempest in a nuclear teapot. Audubon, v. 72, Mar. 1970: 12-19.
Horton, Jack K. :

Nuclear power—promise or problem? Edison Electric Institute bulletin,
v. 37, June~July 1969: 207-212. ,

“The opportunities available to the United States from nuclear
power—from the economic, the environmental and natural resource
standpoints—suggest that more promises than problems are evident

. in our nuclear future,”
Jensen, Albert C,

Fish and power plants. Conservationist, v. 24, Dec.~Jan. 19690-1970; 2-6,

“The Storm King Mountain pumped-storage projett generated
intense controversy and a study of the fish life near Cornwall-on-the
Hudson. Here are the results.”’

Luce, Charles F.

Power for tomorrow: the siting dilemma. Record of the Association of
the Bar of the City of New York, v. 25, Jan. 1970: 13-26. .

Considers the dilemma between protection of the environment and
location of electric power plants in the New York City metropolitan
area, the present law, and possible improvements.
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Lyle, Royster, Jr.
4Tl};} Marble Valley Controversy. National parks magazine, v. 43, Nov. 1969 :
14-17.
“Proposed pumped storage plant and reservoirs on Virginia’s Calf-
vasture River meet opposition from local residents and conservationists. '’
McHale, Sohn. . _
World cnergy resources in the futrue. Futures, v. 1, Sept. 1968: 4-13.
Main, Jeremy. S

A peak load of trouble for the utilitics. Fortune, v. 80, Nov. 1969: 116-1 19,
194, 196, 200, 205. _ _

“The lights may go out while a sluggish industry struggles with
management failures, construction delays, and growing public resistance
to new plants and transmission lines.”

Millsap, Ralph H

Nuclear cnergy’s cnvironmental advantages. Edison Electric Institutc
bulletin, v. 37, gct. 1669: 333-336.

A New river. Environment, v. 12, Jan.-Feh. 1970: 36-40.

““The nuclear power plants now plamed for the shores of the Great Lakes
will discharge heated water equal to the volume of flow uf the Mississippi
River at its mouth.”

Novick, Sheldon.

Earthquake at Giza. Environment, v. 12, Jan.-Feb. 1970: 2-15.

“The atomic burial grounds at the Hanford Reservation are the most
costly tombs since the days of the pharoahs—and hold a5 much radio-
activity as would be released in a nuelear war.”

[Nuclear power plans for New Hampshire; a symposium.] Forest notes, no. 100,
fall 1969: 2-10.

A forum consisting of 4 articles by authors with different viewpoints on
nuclear power plans for New Hampshire..

Contents: Electric power and the environment, by W. C. Tallman.—
Nuclear reactors, a threat to the environment, by J. W. Parker.—The nced
for effective regulations, by R. P. Shapiro.—Reasonable doubt should be
resolved, by Raymond Brightorn.

Pace, Clark.
) When built-in growth strikes back. Exchange, v. 30, Oct. 1969: 6-13.

“Everybody is using more power, and the utilities, suffering under an
cmbarrassment of riches, symbolized by blackouts and threats of black-
outs, can’t build plants fast ecnough.” .

Palisades PWR Power Station—a special survey. Nuclear cngineering inter-
national, v. 15, Jan. 1970: 27-42.

Partial contents.—Palisades PWR nuclear power station, by K. Swarts.—
Sitework &l;élnnt construction, by J. Lescoe:—Steam and power conversion
system, by K. Swarts.

Phillips, James G

Electric power problems. [Washington] Editorial Research Reports, 1969.

939-956 p. (Editorial research reports, Dec. 17, 1969, v. 2, no. 23).
Rewichle, Leonard F. C. ’

Nuclear power—1970-80. Public utilities fortnightly, v. 85, Feb. 12, 1970:
36-43.

“The author predicts that nuclear stations soon will be the predomi-
nant type of power producer among larger-size units during the 1970’s.”

Seabor% Glenn T. . .
nvironment . . . and what to do about it; part II. American forecasts, v.
75, Oct. 1969: 22-23, '54-56.

The chairman of the U.S, Atomic Energy Commission attempts to
clear up some of the misunderstanding and apprehension a large segment
of the public shares over the safety of nuclear plants, and reviews
“. .. a few ways in which nuclear technologies are contributing to our
understanding of the environment and allowing us to improve our
relationship to it.”’

Seaborg, Glenn T.

Looking ahead in nuclear power. Edison Electric Institute bulletin, v. 37,
June-July 1969: 188-195, 231.

Author speaks ‘. .". in defense of nuclear power and in support of the
conservation of our natural rvsources snd the improvement of our
environment.”
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Scaborg, Glenn T. .
The nuclear plant and our encrgy necds. Public utilities fortnightly, v. 85,
Feb. 12, 1970: 19-26. .
“The chairman of the Atomic Encrgy Cominission discusses nuclear
power and somc of the problems that have concerned both the public
and industry.”
U.S. Federal Power Commission. Burcau of Power.
A review of Consolidated Edison Company 1969 power supply problems
and ten-ycar expansion plans. [Washington] 1969. 89 p. .
Wicklein, John.
Where will you be when the lights go out—again? Washington monthly,
v. 1, Sept. 1969: 8-22.
“Since the Northeast Blackout of November, 1965, there have been 37
major, cascading power failures across the country.”’ Discusses what
ought'to be done, including reliability proposals before Congress.
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